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Service
Practically every country of the World has a National Meteorolo gical and Hydrolog ical
to the
and
s,
customer
ial
commerc
to
ent,
which provides a range of vital services to the Governm
benefits
social
and
economic
populatio n at large. These services are known to generate major
benefits is
for national economie s and for individual users . However, the quantifica tion of these
a real challenge and has yet to be accomplis hed in most countries .
gical
This major internatio nal Conferen ce is being held under the auspices of the World Meteorolo
around
from
nt
governme
and
ions
organizat
other
of
Organizat ion, with eo-spons orship by a number
ts from
the world, to deal with this importan t topic. lt is being attended by around 350 participan
at least 80 countries .
to analyse
The objectives of the Conferen ce are to exchange informatio n on the approach es used
the
the economic benefits of meteorolo gical and hydrologi cal services and to assess and discuss
results which have been obtained.
benefits
At the level of national economie s, such analyses are essential to determine the relative
and
level
the
establish
to
and
and costs of providing meteorolo gical and hydrologi cal services,
priority
low
a
given
is
sources of funding which are justified in the national interest. Such funding
ent
in many countries because socio-eco nomic benefit and value in support of national developm
remain unquantif ied.
and water
At the level of individual users such as road authoritie s, civil aviation, electricity , gas
of
benefits
economic
real
the
ate
demonstr
utilities and commerc ial firms, such analyses
is
There
s.
operation
m
longer-ter
and
y
meteorolo gical and hydrologi cal services to their day-to-da
sector
public
and
business
growing appreciat ion of the strong weather-s ensitivity of many
ce will
activities. As forecasts and data improve, so these benefits are increasing . The Conferen
how
and
facilitate the internatio nal exchange of knowledg e on how to calculate economic benefits
to project these to users through the benefit-or iented marketing of services.
those
During the Conferen ce, assessme nt of economic benefits will range for example from
the
to
mitigation
disaster
weather
severe
derived at national level from flood avoidance and
of
reduction
of
benefits
the
from
,
benefits to individual farmers from improved weather forecasts
result
a
as
life
of
loss
nt
civil aviation fuel costs to the reduction in road accidents and in conseque
of road ice warnings .
national
The Conferen ce will also assess the benefits to end-users of collabora tion between
,
providers
service
weather
ctor
private-se
growing
the
and
Services
Meteorolo gical and Hydrologi cal
tion.
collabora
and the further developm ent of such
value to
Finally, in the context of UNCED's Agenda 21, the Conferen ce will demonstr ate the
facilitate
to
order
in
sustainab le social and economic developm ent of studies of climate change,
environm entally sound and equitable developm ent decisions.
Over 150 papers were offered by eminent authors worldwid e. However, the Internatio nal
ions at
Programme Committe e had to select only some eighty of them for oral or poster presentat
allotted
time
in
limitation
the
is
papers
more
selecting
not
the Conferen ce. The main constrain t for
for the Conferen ce which is being run in one single plenary sessions.

(ii)

The Conference programme is also included in this publication. This indi cates the holding
of two key Round tab le discussion sessions which will not only deliberate on topics of particular
interests but also come up with concrete proposals that will assist in achieving the objectives of
the Conference.
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NOTE
This report has been produced without editorial revisions by the WMO Secretariat. The
designations employed and the presentation of material in this publication do not imply the
expression of any opinion whatsoever on the part of the Secretariat of the World Meteorological
Organization concerning the legal status of any country, territory, city or area, or of its authorities,
or concerning the delimitation of its frontiers or boundaries.
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1.
To provide a forum for review and exchange of information on methodologies for, and
results from, analyses of the social and economic benefits derived from meteorological and
hydrological services, taking due account of costs to governments and users;
2.
To stimulate and assist in direction of activity aimed at improving understanding and
quantification of such social and economic benefits, by the providers and users of services;
3.
To assist National Meteorological and Hydrological Services (NMHSs) to strengthen their
case for continued government funding for their core activities;
4.
To help NMHSs and the private sector to demonstrate benefits to end-users from their
services;
5.
To foster greater mutual collaboration between NMHSs and the private sector practitioners
in their joint development and provision of an increasing range of services which will yield benefits
to them and also to end-users;
6.
In the context of UNCED's Agenda 21, to demonstrate the value of meteorological and
hydrological services to sustainable economic and social development in order to facilitate
development choices that will be efficient, equitable, and environmentally sound.
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1.

Methodologies for social and economic benefits analysis;

2.
Results of analyses demonstrating social and economic benefits to national economies from
activities of NMHSs and the private sector;
3.
Specific investigations of social and economic benefits obtained from services to customers
in specific sectors;
4.
Case studies from both service providers and end-users ofthe social and economic benefits
derived from meteorological or hydrorogical services;
5.
Benefits for end-users derived from NMHSs and the private sector collaborating to provide
services to meet their needs;
6.
Bringing a "benefits orientation" to the marketing of meteorological and hydrological
services to users; weather-sensitivity analyses ana impacts of weather on business performance;
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AND CLIMATE FORECASTS
ASSESSING THE ECONOMIC BENEFITS OF WEATHER
LTS, AND ISSUES
AT THE LEVEL OF INDIVIDUAL USERS: METHODS, RESU
Allan H. Murphy
Prediction and Evaluation Systems
Corvallis, Oregon, U.S.A.l

1 . Intro duct ion
her forecasts) possess no intrinsic
Weather and climate forecasts (hereafter simply weat
influencing the behavior of individuals or
value in an economic sense. They acquire value by
ities are sensitive to weat her/c limat e
organizations (here after simply users) whose activ
sary but not suffic ient for weather
conditions. User sensitivity to such conditions is neces
forecasts to be of positive value.
years, on the part of both public and
Considerable interest has been expressed in recent
mic benefits of forecasts. This intere st is
private weather services, in the question of the econo
es to an increasingly broad spec trum of
motivated in part by the need to provide tailored servic
services. Moreover, in the case of many
users and to demonstrate the effectiveness of these
lement traditional governmental supp ort
public weather services, it is now necessary to supp
with revenue obtained from commercial activities.
mic benefits of weather forecasts at
Atten tion is focused here on the assessment of the econo
ssment of forecast value at the mark et
the level of individual users of such information. Asse
secto r) will be addressed in other papers.
level (e.g., the level of a user group or an economic
dual-user level are outlined in Section 2, and
Methods of forecast-value assessment at the indivi
y in Section 3. Section 4 identifies some
some recent studies at this level are described briefl
Section 5 contains some concluding
outstanding issues in forecast-value assessment, and
recent overview paper on forecast-value
remarks. This extended abstract draws heavily on a
nts of a forthcoming book on the economic
assessment (Murphy, 1994 ), as well as on the conte
hy, 1994 a}.
value of weather and climate forecasts (Katz and Murp
2 . Asse ssme nt Meth ods
t can be identified: (a) the prescriptive
Two general approaches to forecast-value assessmen
riptive approach assumes that users
approach and (b) the descriptive approach. The presc
ples (e.g., the maximization of individual
behave in a manner consistent with prescribed princi
formal models of various components of
economic welfare) and generally involves the use of
the descriptive approach attem pts to
users' decision-making problems. On the other hand,
l information-processing and decisiondescribe the actual behavior of users (i.e., their actua
not involve the use of formal models.
making procedures), and this approach may or may
ms, 3115 NW McKinley Drive, Corvallis, Oregon
1Mailing address: Prediction and Evaluation Syste
9733 0-113 9, U.S.A.
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At the individual-user level, the prescriptive approach generally involves the use of
decision-analytic methods. Among other things, these methods include formulating a model of
the user's decision-making problem, characterizing the quality of the forecasts of interest, and
specifying a criterion according to which the user will choose a preferred course of action. For
descriptions of decision-analytic methods with a decidedly meteorological flavor, see Johnson
and Holt (1994), Wilks (1994), Winkler and Murphy (1985), or Winkler et al. (1983).
The descriptive approach involves assessment methods ranging from anecdotal reports to
in-depth case studies and decision t;!xperiments. Many descriptive studies have relied on users'
responses to questions posed during surveys or interviews as a means of drawing inferences
regarding forecast use and/or value. For a recent review of descriptive forecast-value
assessment methods, see Stewart (1994).
The prescriptive determinants of forecast value are: (a) the courses of action available to
the user; (b) the user's payoff or loss function; (c) the quality of the information on which the
user's decisions are based in the absence of the forecasts (i.e., the prior information); and
(d) the quality of the forecasts themselves (Hilton, 1981 ). Forecasts that lead to the same
decisions as those that the user would have made on the basis of the prior information are of no
value. When a descriptive approach is followed, the list of forecast-value determinants also
includes various behavioral characteristics of the user.
Although the prescriptive and descriptive approaches offer a relatively sound and rich body
of assessment methods, most forecast-value studies conducted to date suffer from at least some
deficiencies. For example, in the case of prescriptive studies, questions frequently arise as to
whether the models capture all of the important features of the underlying decision-making
problems as well as the extent to which users behave in the prescribed manner. In the case of
descriptive studies, the reliability of users' responses is often open to question, especially in
situations in which the survey/inte rview questions are not framed properly or are not rooted
adequately in the users' weather-forecast-sensitive problems. As a result, legitimate questions
generally can be raised about the reliability of the forecast-value estimates obtained from these
studies. Future studies need to take more nearly full advantage of the capabilities of existing
prescriptive and descriptive assessment methods. In this regard, forecast-value studies that
take into account the essential features of both approaches appear to provide the best hope of
obtaining credible estimates of the benefits of weather forecasts.
3. Forecast- Value Studies
Studies of the economic value of weather forecasts also can be classified as prescriptive or
descriptive. Prescriptive studies at the level of individual users have involved either
hypothetical users in prototypical situations (see Katz and Murphy, 1994b) or typical or
representative users in real-world situations (see Johnson and Holt, 1994; Wilks, 1994).
These studies have considered both single-stage ("static") decision-making problems as well as
multiple-stage ("dynamic ") decision-making problems.
Prescriptive studies of prototypica l situations have been concerned primarily with static
and dynamic versions of the cost-loss ratio situation (see Katz and Murphy, 1994b). The realworld situations considered in prescriptive studies have consisted principally of applications to
static and dynamic agricultural decision-making problems (e.g., Brown et al., 1986; Katz et
al., 1982; Mjelde et al., 1988; Wilks and Murphy, 1986; Wilks et al., 1993). These latter
studies have produced positive forecast-value estimates for both short-range and long-range
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d in tabular form by Johnson and Holt
forecasts - some of these estimates are summarize
(199 4) and Wilks (199 4).
economic benefits of weather forecasts
Examples of recent descriptive assessments of the
n and Murphy, 1 987) and several studies
include a study of the natural gas industry (Brow
(e.g., Sonka et al., 1 988; Stewart et al.,
involving components of the agricultural sector
large forecast-value estimates at the
1984 ). Some descriptive studies have yielded quite
be kept in mind that these estimates generally
subsector, sector, or national level, but it should
ned at the level of individual users. Overall,
have been derived by scaling up estimates obtai
quantitative forecast-value estimates at the
relatively few descriptive studies have produced
individual-user level (see Stewart, 1994).
de an opportunity to investigate the
Studies of the value of weather forecasts also provi
ast value. From a prescriptive point of view,
relationship between forecast quality and forec
and Murphy, 1994 b). Nonlinearity in this
this relationship is inherently nonlinear (see Katz
which the forecasts are of no value and/ or in
cont ext is reflected in quality thresholds below
holds. Moreover, it has been shown that
nonlinear functional relationships above these thres
racy) do not necessarily guarantee increases
increases in specific aspects of quality (e.g., accu
forecast accuracy increases for some users.
in value; that is, forecast value may decrease as
in which the multidimensional nature of
These quality/value reversals arise in situations
process. For recent reviews of studies of
forecast quality is not respected in the evaluation
Murphy (1 992) , Katz and Murphy (199 4b),
qual ity/va lue relationships, see Ehrendorfer and
and Murphy and Ehrendorfer (1 994) .
4. Curr ent Issu es
ast-value assessment methods suffer from
As noted in Section 2, most applications of forec
concerning the reliability of the associated
various deficiencies, which in turn raise questions
arise because of issues related to the
estimates of economic benefits. These questions
models used - in prescriptive studies and issues
appropriateness of the assumptions made - and
and the credibility of users' responses in
related to perceived methodological shortcomings
issues provides some insight into the
descriptive studies. The following partial list of
ently are encountered in the cont ext of
methodological and practical difficulties that frequ
forecast-value assessment studies:
ns regarding the nature of users' prior
(a) The appropriateness of alternative assumptio
ant climatological probabilities are
information (e.g., the assumption that the relev
forecast-value estimates.
known) and the impact of these assumptions on
ding the behavior of users (e.g., optimal
(b) The impacts of alternative assumptions regar
and value of forecasts.
versus suboptimal decision-making) on the use
, risk aversion) and its impact on
(c) The nature of users' attitu des toward risk (e.g.
forecast-value estimates.
ce in the weather (and in weather forecasts)
(d) The consideration of the temporal dependen
the value of forecasts.
in assessment methods/models and its impact on
-fore cast s on diffe rent time scales (e.g.,
(e) The relevance of- and interactions between
ast-sensitive decisions and their
short-range, long-range) in the cont ext of forec
implications for forecast-value estimates.
, probabilistic versus nonprobabilistic
(f) The effec ts of diffe rent forecast form ats (e.g.
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modes of expression) on forecast acceptance, use, and value.
(g) The conditions under which increases in forecast quality or its various aspects lead
unambiguously to increases in forecast value.
( h) The effects of alternative characterizations of current and future forecasting
performance on forecast use and value.
Some of these issues are identified and discussed in the references cited earlier in this paper.
These and other issues must be addressed -and satisfactorily resolved- before forecast-value
estimates based on prescriptive or descriptive methods can be accepted at face value or used as a
sound basis for setting priorities or allocating resources.
5. Conclusion
The problem of assessing the economic value of weather forecasts- or, more generally, the
economic benefits of weather/climate services- warrants serious attention from the
meteorological community. Forecast-value studies represent the only potentially reliable
source of the user-related information (including forecast-value estimates) needed by public
and private weather services to develop truly useful forecast programs and products. Credible
assessments of the needs of users for weather forecasts- and the benefits (if any) of using this
information- depend on in-depth analysis and understanding of the information-processing and
decision-making procedures of individual forecast-sensitive users. Thus, the use and value of
forecasts at the level of individual users are basic building blocks in the process of obtaining
reliable estimates of the economic benefits of weather/climate services.
Two needs require particular emphasis here: (a) the need to recognize the interdisciplinary
nature of the forecast-value assessment problem and (b) the need to develop a continuing
program of methods-oriented and applications-oriented research on this problem. The nature
of this asessment problem, involving users and producers of forecasts together with their
respective goals and support systems, suggests that expertise from fields such as economics,
operations reearch, psychology, statistics, and systems analysis -as well as applied and
operational meteorology - will be required to address the problem in a coherent and reasonably
complete manner. Moreover, progress in this field - in the sense of developing sound
assessment methods and producing reliable forecast-value estimates - will depend critically on
the establishment of a continuing research effort. lt is time to turn away from the traditional
approach to this problem that can best be described as "putting out the occasional fire" and to
initiate a coherent ongoing effort that can be expected to lead to both improved practices in
forecast-value assessment and more credible estimates of the economic value of weather
forecasts.
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METHODS OF ASSESSING ECONOMIC BENEFITS IN THE
AGRICULTURAL FIELD: SECTOR-LEVEL ISSUES

James W. Mjelde
Department of Agricultural Economics
Texas A&M University
Valuing climate forecasts at the sector-level is inherently more difficult that at the firmlevel. A simplified diagram of the interactions between firm- and sector-level activities is presented
in Figure 1. These interactions cause the increase in difficulty associated with valuing forecasts at
the sector level. As shown in Figure 1, a producer uses relevant information on expected prices,
climate information, production practices etc. in making decisions concerning the production
process. This process along with exogenous factors determines the producer's crop yields. These
yields then enter the market. Interactions between the aggregation of all producers' yields and
consumers' demand determines the price the producer receives. Price received completes the
linkage that determines the producers' profits.
The value of improved forecasts in Figure 1 is qetermined as follows. First, improved
forecasts are taken into account by the producer. To have value, these forecasts must change the
producer's decision(s) from the scenario without the improved forecasts. Different decisions cause
changes in the producer's yields. Changing yields affects the market supply and demand
relationships, which in turn affect the profitability of the producers. When examining the value of
climate forecasts at the sector-level, two major components not present in a firm-level evaluation are
illustrated in Figure 1. First, is the aggregation issue, that is each producer has their own decision
making process, represented by the firm in Figure 1. Producers have different information and
production sets and make decisions differently. The aggregation issue is how to represent all of the
individual processes to obtain a sector-level supply curve. The second complicating issue is the
determination of a market price and the link back to the producer. Neither of these issues has been
adequately addressed in the literature.
When examining the value of forecasts at the sector-level, both producers and consumers
become important. Two measures of the welfare commonly used to value changes in welfare are
producer and consumer surplus. A single market supply-demand diagram is presented in Figure 2
to illustrate these measures. Market supply and demand curves represent the aggregation of all
producers and consumers. The market demand curve (D) gives for each price the quantity
consumers are willing to purchase, whereas, the market supply curve (S) gives the quantity that
producers are willing to provide at any given price. The market equilibrium price (P0 ) and quantity
(Q 0 ) are given by the intersection of the supply and demand curves.
For the first unit purchased the demand price is QC but the actual price charged is QP0 ;
therefore, a consumer surplus of QC - QPo = P0 C is gained on the first unit bought. Extending this
argument to all successive units gives an aggregate consumer surplus of the triangle given by P0 BC.
A corresponding argument applies to producer surplus. For the first unit sold a price of QP0 is
received but a cost of QA is realized; therefore, a surplus of QP0 - QA = AP 0 is realized. Again
extending this argument to all successive units gives a producer surplus of P oBA. Improved climate
forecasts can be viewed as a technological advance. The long run affect of a technological advance
is to cause an outward shift of the supply curve to say S'. A new equilibrium price, P~, and
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Sector • level

Firm -level
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tions
Figure 1 - Simplified diagram of firm- and sector-level interac

and producer surplus. Before the
quantity, Q~, is obtained. Such a shift changes both consumer
mer surplus is area a+ b +c +g.
shift, consumer surplus was area a, whereas, after the shift consu
b+d to d+e+ f. Producers lose area
Consumers gain area b+c+ g. Producer surplus changes from
ds on the magnitude of these two
b but gain area d+f. The overall net effect to producers depen
curve is caused by changes in
areas. In reference to Figure 1, the shift in the aggregate supply
dual's changing decisions and the
individual producer's decisions. This linkage between the indivi
usly discussed. Notice also that
shift in aggregate supply is one of the complicating factors previo
icating issue, namely how will price
price received by the producers changes, this is a second compl
change.
a firm-level study which
The importance of these measures can be illustrated. Consider
Figure 1 can be used to
estimated, for example, that a producer would gain $2.00 per acre.
acres. Such a multiplication
of
r
illustrate why this value can not simply be multiplied by the numbe
ty are held fixed (P 0 and Q 0 ) and S
would ignore price and/or quantity effects. If price and quanti
d+e. As shown earlier, the correct
shifts to S', producers benefits would be estimated to be b+c+
ed. Other examples of erroneous
surplus area is d+e+ f. Clearly erroneous estimates are obtain
can be shown.
effects such as assuming a fixed price and but quantity changes
nt regions or countries
In agriculture, the sector-level effects are complicated by differe
ity model of the effect
mmod
one-co
supplying and demanding the product(s). A simple two-region,
t region is a region in which
of improved climate forecasts is illustrated in Figure 3. The expor
In the import region quantity
quantity supplied exceeds quantity demanded at the trading price.
gains associated with trade. The
demanded exceeds quantity supplied. Panel (b) represents the
t regions demand from supply (Se excess supply curve (ES) is calculated by subtracting the expor
d curve (ED) is obtained by
De) for the area in which Se > De. Similarly, the excess deman
curve (D;- S) for the area in
subtracting the importing region's demand curve from its supply
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which Di > Si. The intersection of the
ES and ED curves gives the equilibrium
price, P0 • Tracing this price to each of
the regions indicates the export region
produces Qse units of the product with
quantity demanded being Qde· The
import region's quantity supplied and
demanded are Qsi and Qdi. Trading
causes the exporting region to gain
producer surplus and loss consumer
surplus over the nontrade equilibrium
given in Figure 2. The importing
region gains consumer surplus and
losses producer surplus by trading. The
area given by a+b+c in the trade
market is the overall net gain in
producer and consumer surplus
attributed to trading.

Price

s
c

S'

P.,
R'0
A

D

0

Oo

Q'o

Quantity

Figure 2 - The effect of improved climate forecasts on a
single market

The effect of improved climate
forecasts can be shown by shifting the supply curve(s). In Figure 3 this is shown by a shift in the
exporting regions supply curve to Se'. Such a shift inS' shifts the ES curve toES' which results in
a lower equilibrium price. In both regions consumer surplus is increased. In the importing region,
producer surplus is reduced. The change in producer surplus in the exporting region is
indeterminate, depending on the slope of the supply and demand curves. Producers in the exporting
region gain area k+j+i+m but lose area c+d+e. The overall net gain from trade also increases as
shown in trade market.
An even more complicated and interesting scenario is when the improved climate forecasts
shift the supply curves of both regions. In such an scenario, the curves could shift in the same
amount or shift differently by region. No matter how the curves shift, consumers gain. The effect
on producers is again indeterminate depending on the slope of the curves. Complicating the
valuation further is the presence of substitutes and compliments in the agricultural sector.
Feedgrains are a prime example of substitution affects. A forecast for high rainfall may cause a
producer to plant corn instead of grain sorghum and vice versa for a forecast for low rainfall levels.
These interrelated markets must be accounted for when valuing improved forecasts.
Only a few studies have been conducted on sector-level effects, and as expected these
studies do not provide a definitive estimate of the benefits of improved climate forecasts. Some
studies have estimated that improved climate forecasts may be detrimental to agricultural producers
(e.g. Lave, 1963). None of these studies adequately addresses the regional, national, and
international consequences of improved climate forecasts. If the value of improved climate forecasts
are to be understood, sector-level analysis most be conducted. These analyses must then to linked
to the macroeconomy to provide ultimate estimates of value of improved forecasts. Linkage to the
macreconomy provides challenges beyond that of linking the firm to the sector-level but these
challenges are not impossible to overcome. Agricultural production and processing remains a major
component of most countries' gross domestic product.
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variety of economic factors.
At the sector- and macro-level improved forecasts may affect a
the producers' changing ability to
Financial institutions may, for example, be affected because of
, such as land. Such changes
repay loans. Another example would be changing farm asset values
inputs into the agricultural sector.
will have an impact on rural economies and industries providing
e forecast technology.
Many similar linkages would be affected by improvements in climat
ary to determine where
Estimates of the value to both producers and consumers are necess
appears that consumers provide a
continued support for research in this area will come from. It
e forecasts. Producers on the
broad base for support into research attempting to improve climat
overall net benefit such as
other hand may be hurt by improved forecasts. Other issues beside
Because of the diversity in climates,
income variability will also be affected by improved forecasts.
ts in forecasting ability may affect
soils, and macroeconomies international aspects of improvemen
also be addressed to obtain a
must
developing and developed countries differently. These issues
agriculture and other sectors.
good overall understanding of how improved forecasts will effect
reviews of many of the issues at
Mjelde, Sonka, and Frerich (1989) and Murphy (1994) provide
mic as well as purely economic
both the firm and sector levels. These issues include socio-econo
issues as discussed here.
the raisin industry. Econometrica,
Lave, L.B . ., 1963: The value of better weather information to
31, 151-164.
conomic valuation of
Mjelde, J.W., S.T. Sonka, and D.S. Peel, 1989: Rational socioe
Champaign, Illinois,
climate/weather forecasting: micro- and macro-level evaluations.
Midwestern Climate Center, Research Report 89-01, 21 pp.
sts. Report to Economics Group,
Murphy, A. H., 1994: Socio-economic value of climate foreca
Office of the Chief Scientist, NOAA, 32 pp.

- 10 -

World Meteorological Organization
Conference on Economic Benefits of Meteorological and Hydrological Services
Geneva, Switzerland, 19-23 September 1994
METHODS OF ASSESSING ECONOMIC BENEFITS
OF HYDROLOGICAL SERVICES

Roman Krzysztofowicz
University of Virginia
Charlottesville, Virginia, USA
The emerging Bayesian Forecast-Decision Theory provides a coherent
methodological framework and effective analytic tools for modeling the coupling between forecasting and decision making, and for estimating the ~ ante
economic value of forecasts to their users. For the purpose of modeling,
forecast-decision systems can be classified according to these features:
(i) deterministic forecasts vs probabilistic forecasts, (i~) single-objective
decisions vs multi-objective decisions, (iii) monetary objectives vs nonmonetary objectives, (iv) static decision problems vs dynamic decision
problems, and (v) optimal decision procedures vs non-optimal decision
procedures.
Determinants of the

~

ante economic value include characteristics of
forecasts (such as bias or calibration, informativeness, lead time) and
characteristics of a decision problem (such as a set of feasible decisions,
prior probability distribution of predictand, outcome function, utility
function). Relations between these characteristics and the forecast value
provide a basis for extrapolating economic benefits of site-specific forecasts
to economic benefits of hydrological services in a region.
The methodological framework and modeling techniques are illustrated
with two case studies in the United States: assessment of economic benefits
of flood crest forecasts for emergency response, and assessment of economic
benefits of seasonal runoff forecasts for irrigation planning.
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Model and Data Requirements for Estiniating Benefits
of Improved Forecasts1
Hauke Kite-Powell and Andrew Solow
Marine Policy Center
Woods Hole Oceanographic Institution
Woods Hole, Massachusetts 02543 USA

Introduction
By investing in environmental observation and modelling, we can improve our
forecasts of weather and climate. The information contained in improved forecasts generates
benefits by enabling users to make more informed decisions. Estimates of these benefits are
needed to make wise decisions about investments in forecast improvements. In this paper,
we describe a Bayesian approach to estimating economic benefits from improved forecasts,
and we discuss the general requirements for data and physical and economic models to carry
out such an estimation.

Value of Information
A standard Bayesian approach can be used to estimate the value of information
contained in a forecast (see Berger, 1985). Consider a decisionmaker who chooses among a
range of actions A. The consequences of each action depend on a subsequently manifested
state of nature S. The manifestations of S occur with probability density function (pdf) f(s).
Let B(a,s) be the consequence (net benefit) to the decisionmaker of pursuing action a if it
turns out that S = s. The expected net benefit of pursuing action a is:
E(a) =

f B(a,s) f(s) ds

The optimal action is ao * with maximal expected net benefits Eo*. This represents the
decisionmaker's optimal choice in the absence of any forecast other than knowledge of f(s).
Let X represent the forecast information presently available to the decisionmaker.
According to Bayes' Theorem, the posterior pdf of S given X = x is:
f(s Ix) = l(x Is) f(s) I p(x)
where l(x Is) is the likelihood function of X given S = s, and
p(x) =

f l(x Is) f(s) ds

'This work was supported in part by NOAA through grant NA26AD0156 to the
Massachusetts Foundation for Excellence in Marine and Polymer Sciences. WHOI
Contribution No. 8762.
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is the predictive pdf of X.
With forecast X, the decision maker uses f(s Ix) to find a new optimal action with
expected net benefit E*(x) by maximizing
E(a Ix) =

f

B(a,s) f(s Ix) ds

E*(x) depends on x, and the expected value of E*(x) is:
Ex* =

f

E*(x) p(x) dx

The value of presently available forecast X to the decisionmaker is Ex* -Eo*.
A hypothetical improved forecast Y, with likelihood function l(y Is), would be used in
the same way to obtain an optimal action with expected net benefit E*(y), the expected value
of which is:
Ev * =

f

E*(y) p(y) dy

The value to the decisionmaker of the improved forecast Y over presently available forecast
X is Ev* - Ex*.
The estimation procedure requires (1) information about quality of present and
improved forecasts (l(x Is), l(y Is)) and baseline conditions (f(s)); (2) a model of how users
incorporate forecasts into decisions (max E*(x) and E*(y)); and (3) a model of how
economic outcomes (prices, economic welfare) are determined by users' decisions and
subsequent states of nature (B(a,s)). The following sections describe practical considerations
in carrying out the estimation.

Forecast Information
In general, the state of nature S and forecasts X and Y describe phenomena
(temperature, precipitation) that are most accurately treated as continuous variables.
Exceptions include naturally "discrete" events, such as "storm" or "no storm;" or "El Nifio,"
"El Viejo," or "neither" in the case of ENSO prediction. Once the characterization of S has
been determined, f(s) usually can be estimated from historical weather or climate data.
The likelihood function of presently available forecasts l(x Is) similarly can be
estimated by correlating historical data with the corresponding forecasts. For the improved
forecast, l(y Is) must be estimated based on anticipated improvements in forecast ability. By
examining the benefits from a range of specifications of l(y Is), including the limiting case of
a perfect forecast where:
l(y Is)

- 1
:: 0

if y = s
otherwise,
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it is possible to determine the level of forecast quality that must be achieved to justify a
the
given level of investment (Ev* -Ex* > C, where C is the incremental cost of achieving
improved forecast Y).
Actions and Decisions
Like the state of nature and the forecast, the decisionmaker's range of actions A may
as
in fact be a continuum of options. To simplify the estimation procedure, A can be treated
is
y
or
x
a discrete set of actions (a1, a2 , ••• , a,). The decisionmaker's choice from A given
made according to the rational maximization of expected benefits (max E*(x) or max E*(y)),
as described in the value of information framework above.
The set of actions A selected for the estimation procedure must be influenced by the
forecasts and relevant to the benefits function facing the decisionmaker. Note that the
benefits function B(a,s) in the framework describes net benefits to the decisionmaker only.
the
Other benefits and costs may have to be considered if, as with a national weather service,
improved forecast is to be funded by public investment (see below).
In some cases, it is not a single action in response to a single forecast, but a series of
.
actions taken in response to a sequence of (updated) forecasts that determines the outcome
the
out
through
ly
For example, the drawdown of hydroelectric reservoirs is adjusted repeated
year as forecasts of future precipitation are updated. Solow and Broadus (in press) have
described an approach to the valuation of information in a setting of changing uncertainty.
Economic Effects
Modeling the economic consequences of the decisionmaker's actions generally
requires two steps: (1) a model of the physical outcome of action a given s (crop yields,
the
reservoir levels, energy production or consumption, etc.), and (2) an economic model of
r
produce
social welfare consequences of these physical outcomes (changes in consumer and
surplus).
We note that, depending on the state of nature being forecast and the economic
activity it affects, the decisionmaker's actions may result in costs or benefits that the
decisionmaker does not take into consideration. For example, consider a forecast of marine
conditions (water levels, currents) that allows a certain port to improve the efficiency of its
services, and thereby attract more shipping. The port's basis for decisions B(a,s) does not
take into account the resulting losses in traffic at other, rival ports.
An Application to ENSO Forecasts
With support from NOAA, Adams et al (1993) applied the approach we have
described to an estimation of the value of ENSO forecasts to agriculture in. the southeastern
United States. The work incorporated an analysis of historical meteorological data for the
region, an agricultural yield model, and a model of economic effects that captures the
behavior of producers and consumers, into the "value of information" framework. The
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authors concluded that the expected annual value of a perfect ENSO forecast (one that always
correctly predicts El Nifio, El Viejo, or normal conditions with six to nine months' lead
time) for this sector is $265 million, or $145 million in the absence of federal farm programs
in place as of 1990.
Concluding Remarks
In general, it is necessary to consider several combinations of forecasts, decisions,
and outcomes to develop a reliable estimate of forecast benefits. Particular attention should
be paid to the specification of the likelihood function l(y Is). A single parameter (such as "75
percent accurate") does not capture the quality of forecasts adequately for this sort of
analysis. For example, the consequences of falsely predicting an El Nifio may be quite
different from the consequences of falsly predicting "no El Nifio."
An extensive literature exists on the impacts of weather and climate variations (see,
for example, Wilhite et al (1987)). It is usually misleading to estimate the value of improved
forecasts by assuming that some fraction of such impacts can be avoided (see, for example,
O'Brien, 1993). In general, the economic value of forecasts is not equal to the damages that
may arise from variations in the state of nature. Not all damages can be avoided, and in
some cases, forecasts may present opportunities for new economic activity. At best, impacts
may provide a rough upper bound on the value of forecasts. The Bayesian value of
information approach provides the most useful framework for estimating benefits of
forecasts.
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THE TECHNIQUES OF THE ECONOMICAL EFFECT ASSESMENT
~OR THE SPECIAL SERVICING OF COTTON GROWING
Chub V.E .• Abdullaev Kh., Imamdzhanov Kh., Kadyrov B.
Main'Admin istration of Hydrometeorolo~ at the Cabinet
of Ministers of the RePUblic of Uzbekistan
Abstract
Meteoroloai cal and climatic conditions have significant effect on
the raw-cotton (which is the main industr.ial crop in the Republic of
Uzbekistan l production. 'l'imely and proper accotmt of the a~roclimatic
resources. carryin~ out the hail-suppre ssion measures facilitate the
imProvement of the economical effect in the cotton ~rowin~. The cotton
p;rowina area is about the half of all irri~ated territory of
Uzbekistan. The part of it is situated in the foothills which are very
hail prone in sprina and summer time. 6 per cent of the cotton ~rowin~
area is under the protection of the special service.
The Ministry of A~riculture allocates annual resources for the
hail suPPression measures. The expediency and economical effect of
such measures is determined by the coat of the survived yield on the
protected territory duringthe hail-dama~e season.
Glavllidromet of the Republic of Uzbekistan carries out research
the economical effect aaaesment obtained with the
on
studies
aPPlication of the a~rometeorolo~ical data in the cotton growin~ and
of the hail-suppre ssion measures. The technique havin~ been elaborated
in Glavgidrome t allows to identify the most valuable types of
information s for the cotton growing. Primarily
a~rometeorolo~ical
tion.for the seedin~ dates. The studies have
recommenda
the
there is
may cause the yield drop in 2-4 centner per
delay
the
shown that
for the economical effect calculation of
formula
hectar. l~e proPOsed
of: the crop loss due to the deviation
eccOtmt
the seedinp; dates takes
the optimtw ones~ the losses due to
from
of the actual seeding dates
seeding dates from the optimum ones.
Predicted
the deviation of the
area, cost price. selling price.
seeding
yield (centner per hectarl.
information share in the
olo~ical
The coefficient of the hydrometeor
benefit and ex-penses
the
between
ratio
economical effect is 0.5. The
is 6/1.
the
of
effect
economical
the
calculation of
For the
proPOsed
was
equation
the
dates
recommendations for the defoliation
wich takes into accotmt the area ot replicated defoliation . the yield
droP due to the early defoliation and defoliation cost. 'fhe calculated
ratio between the benefit and the expenses is 3/1. The same method was
used for the calculation of the economical effect of warning on the
late spring frost and prediction of the cotton yield. The economical
effect is 3/1 and 5/1. respectivelY .
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'rhe correct assessment of the re-seedin~ area is si~ificant for
the aR:ricultural practice Planning. Annualy 25% of the seeding area is
aub.1ected to the re-seeding under the effect of the unfavourable
weather conditions. Both under- and over-estimation of the re-seeding
area cause losses. and that"s why it is necessary to retain the needed
seeds·· reserve for the re-seedinl!. The annual changes of the areas
normal
aub.iected to the re-seeding are well described by the
distribution law. The tormula is presented for the calculation of the
'fhus. for Tashkent area it
climatolo~ically optimtw re-seeding area.
is 26%. This allows to choose the most proper way for planning the
seedsJ reserves. 'The scheme for the agrometeorolog ical information
application in the cotton growing is presented, too.
The most significant task in the assessment of the hail protection
economical effect is the evaluation of the area of the damaged crops
weather modification. Commonly some averaged
of
use
without
hail-damaged area before the hail-protection application is used for
calculations. It is asstwed that it is constant. Such estimation can
overestimate the economical effect of such hail suppression measure in
the season with low intensity of the hail-storm processes or it can
uderestimate them in the season of the hi~th intensity of such
processes.
The assessment of the economical effect is proPOsed on the basis
of the analysis of the weather modification effect on each hail
Process and on the relationship between the physical and economical
indices. The economical effect assessment is made basing on the
relationshiP determined as the differece between the dama~te degree.
caused by the hail to the crops with and without weather modification
application. For the estimation of the actual hail damage the hail
trajectory is restored by the hail cloud characteristics without
weather modification applicG~,tion. The radar technique is proposed for
the assessment of the damaged area toR:ether with the evaluation of
each experiment effect.
the
The calculated formula allows to estimate the cost of
Preserved cotton vield for each eXPeriment and for the whole season.
The value of coefficient determining the yield loss value depending on
the hail damage date varies from 2-6 centner/hectar in April up to
28-29 centner/hectar in August.
The assessment of the hail-suppressio n economical effect for 1993
example ·of the experience of one of the
on the
is made
hail-suppressio n team situated in the most hail-phone area of the
RePUblic of Uzbekistan. 'fhe economical effect of the hail-suppressio n
USD (in 1893 Prices). In a whole the economical
meast~es is 3.6 mln.
effect of the hail-suppressio n aimed to the cotton Protection is about
5.4 mln. USD in 1993 in Uzbekistan. The technique can be applied to
the calculation of the economical effect of the hail-suppressio n
measures tor <;iHferent agricultt~al crops production.
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THE SOCIO-ECONOMIC COSTS AND BENEFITS OF HYDROLOGICAL SERVICES

Ami Snorrason
Hydrological Survey, National Energy Authority (NEA)
Grensdsvegi 9, IS-108 Reykjavik, Iceland
1. INTRODUCTION
The evolving roles of hydrological services (HS) and the perpetuation of the socio-economic benefits to be
derived from their activities raise interesting organizational, governmental, and sociological questions in many
parts of the world today. One obvious fundamental question is whether or not the resources committed to such
endeavors are in economic equilibrium with the total benefits to be derived from their employment towards
this end. Another is the degree to which the activities of such services should be funded by society in general;
should specific beneficiaries pay in proportion to the benefits received? Some of the important issues relevant
to our analysis are the role and cost of information as well as decisions in the market exchange and within the
institutional framework.
2. INFORMATION AND DECISIONS- INSTITUTIONS AND TRANSACTIONS COSTS

The basic reason for inquiry is the need to reduce the uncertainty we are faced with in our everyday life.
This uncertainty relates to the manifold of decisions that are made continuously in a world and society that are
stochastic in nature. The future is unknown, and the decisions concerning it must thus be based on our
knowledge of the past and the present. Furthermore, the consequences of any course of action can, in turn,
change the "state of the world". A model of the interaction of information, decisions and the "state of the
world" can be schematized as shown in Figure 1.

Consequences

Observations

Actions

Information

Figure 1 - A model of the interaction of decisions and the "state of the world"
In the figure, "project" stands for the result of the actions dictated by the decision. It can be an institutional
entity e.g.legal act, or a physical entity e.g. water supply system. The consequences can similarly be a change
in the institutional framework, or the stream of benefits from a water supply system or the externalities associated with that stream. The ''project" is a subset of "the state of the world" and thus influenced by it.
The costs of transacting in the market are called transactions costs and are generally characterized as factors that prevent markets from operating efficiently or as factors that prevent markets from forming altogether
(Colby, 1990). Transactions costs involve, for example, costs of defining, protecting and enforcing property
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rights. The cost of acquiring infonnation and making decisions is an important part of the costs of transacting
(North, 1984; Colby, 1990). This cost can be divided into two categories, on one hand is the cost associated
with assessment or measurement of the characteristics of the commodity that has value in the market, on the
other hand is the cost associated with definition, acquisition and protection of rights as well as the cost of monitoring and enforcing contracts. These actions are fundamental in the economic and political reality of society,
including both the public and the private sector, and as stated by North (1984): "These measurement and enforcement costs are the sources of social, political and economic institutions".
The basic role of institutions in society is to establish a framework for the interactions of its members. This
framework reduces uncertainty by establishing a set of rules that govern or regulate the behavior of the members. These rules and regulations, i.e. the institutional framework, will in turn affect the costs of transaction
and production, which make up the total cost of the commodity (North, 1984). Within the framework laid out
by the institutions, opportunities are created for the fonnation of organizations which include political parties,
government agencies, firms and co1p0rations, social groups and educational institutes. The fonnation and
development of the organizations will then interact with the institutional framework and cause it to change,
either gradually or abruptly, depending on the situation (ibid). This dialectic, which is well captured in Figure
1, is ongoing, and determines, with the economic constraints, the development of society.
It is within this context that we need to analyze the ever changing role of hydrological surveying and its
relations within the institutional framework. There are many examples of this process of interactions in the
development of water resources and the issues relating to their use is often of such an importance and on such
a scale that the public sector is a leading actor. The harnessing ofhydropower in some of the Nordic countries
is an example of the fonnation of institutions that have played an extensive role in the institutional framework
governing the development of their water resources. This development has, in part, been based on an extensive need for hydrologic data, both for planning and operational pUtpOses, and also for enforcement purposes,
which in turn has generated further need for hydrologic data.
3. USE AND VALUE OF HYDROLOGIC DATA

The value of data can be defined to be the difference in the stream of benefits from a "project" resulting
from decisions made and actions taken with and without the data. This concept, the with and without principle
in benefit-cost analysis, is generally applicable, but difficult to apply. The formalization of this definition within the decision framework can be done following Marschak (1974).
It is obvious that the decision-utility measure of the value of data is not quantifiable for all decisions regarding water resources utilization and administration. Often, the first phase of a national and regional development of water resow:ces consists of a general assessment of the availability and potential utility of water resources. This assessment then serves as the basis for a formulation of a public policy to institutionalize its
economic development. But how can we assess the value of d~ta in public policy decisions? Take, for
example, policies regarding the development of property rights and property regimes over the resource. In this
case, the costs of acquiring hydrologic data are transaction costs, and are relatively easy to quantify, but the
benefits are, however, not easy to quantify. This problem, in fact, relates the question of the value of hydrologic data to the basic questions of welfare economics, where the level or supply of hydrologic infonnation or
data becomes a macro-economic question, and to approach a solution, we have to resort to the traditional methods of benefit-cost analysis.
When public policy has been formulated and institutions are in place the utilization follows. This phase of
development includes the acquisition of property rights of the resource and planning and operation of projects
. to realize the stream of benefits protected by these rights. Within this phase, utility functions can be constructed and statistical methods often become feasible to assess the value of data (Moss, 1970; Davis et al., 1972).
The costs are either transaction costs or production costs and are comparatively easy to quantify.
The value of data used to monitor the actual or potential consequences or externalities due to public policy
or project development is difficult to assess, since it often relates to externalities that should have been included in the initial assessment of the stream of benefits from the development. Monitoring is often mandated by
legal acts or regulation, for example, acts on clean water, and hs value can be subject to benefit-cost analysis in
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much the same way as for public projects, which can, in general, be subject to such analysis. The assessment
of the value of monitoring, when the right to use or pollute is well established, can, in principle, follow the
same route as when the value of data for project-related use is evaluated.

4. PHYSICAL AND ECONOMICAL CHARACTERISTTCS OF HYDROWGICAL SURVEYING

4.1 Hydrological Systems
The basic nature of hydrological systems is that they are stochastic. A stochastic process has a probability
distribution and it is called stationary, if the distribution does not change with time. Many hydrological
processes do not satisfy the condition of stationarity both because climatic conditions often change, but also
because changes take place within the watershed. These can be changes in the physical system itself, but most
often these are due to the activities of man. Rivers are dannned and diverted, vegetation is changed and effluents from industry pollute the waters. The notion of stationarity is, nevertheless, often justified, but these
effects must be kept in mind when it is used as a basis for decisions.
The river flow, as it unfolds over time, is the only realization of the stochastic process we are studying.
This means that, contrary to many other problems in information acquisition, we have only one chance to measure the process during a particular time interval. H it is not observed, it never will be. Time series of river
flow are often called historic time series due to this property.
fu general, hydrologic time series are autocorrelated i.e. each observation contains memory of previous
conditions, and spatially correlated except for sparse networks or inhomogeneou s hydrological conditions. The
autocorrelation of hydrologic time series reduces the marginal information and the marginal utility of each
additional measured unit in time, if the use is based on the historical time series, but can increase the marginal
utility for the real or near real time decisions (Marschak,1974). Likewise, the spatial correlation between historical time series will reduce the marginal information and utility of each additional unit in space, depending
on both the variances of each series as well as on the significance of their correlation (ibid). This will not
necessarily hold true for real or near real time decisions e.g. flash flood forecasting. Theoretical estimation of
the marginal information from an additional station year is complicated by the fact that generally it can not be
assumed that the series are stationary.

4.2 Hydrologic Data as Public Goods
A commodity that has the quality, that repeated or simultaneous consumption of the good, does not diminish the value of present or futme consumption by others of that good is called nonrival. Nonrivalness is one
identifying characteristic of a pure public good. Another property relevant to public goods is nonexcludability,
which means that it is impossible or very costly to exclude someone's consumption of the good. H we analyze
hydrologic data within this framework, it is clear that they are nonrival, but excludable public goods.
For public goods, the overall efficiency conditions are modified such that the sum of the marginal benefits
for all users equals the marginal cost of providing the good. This is referred to as the Samuelson condition
(Boadway and Wildasin, 1984). To arrive at an approximate optimal supply of a particular public good, the
so-called benefit-pricing or the Lindahl solution has been suggested (ibid). This solution calls for per-unit
price for the public good equal to each customers willingness-to-pay (marginal benefit) at the level actually
provided. Thus, the prices would be different for each customer, but the sum of their marginal benefits would
·
ideally equal the marginal cost.
the optimal scale of hydrological surveydetermine
properly
not
will
above
proposed
The Lindahl solution
for the acquisition of hydrologic data.
resources
ing and therefore the market will be inefficient in allocating
The solution could, however, identify the potential beneficiaries and thereby provide a framework for negotiating an appropriate supply of hydrologic data.

4.3 The Acquisition ofHydrologic Data as a Natural Monopoly
Hydrological surveying has some of the fundamental characteristics of natural monopolies. A natural
monopoly will arise when marginal costs decline with scale. This is certainly true for an established network
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for hydrological surveying since the marginal costs of observing an additional year at a particular location will
be a decreasing function with time. Similarly, the marginal cost of the operation of a new station within the
network is also a decreasing function of the number of stations.
Historically, hydrological surveying at the national level, has in most cases been initiated within the public
sector, often leading to the establishment of national hydrological surveys. The reasons for this are many and
varied; often the State has had vested interests in the general assessment and administration of water resources
but the private sector has probably been more concerned with information regarding particular projects rather
than information on regional or national scales. Also, the market for hydrological data must initially be very
thin and costly to operate. This, of course, still applies for many regions of the world. All this fosters
monopolies and results in a failure to meet the overall efficiency conditions for competitive markets.
5. CONCLUSIONS

The most important conclusion that can be drawn from the above analysis is that the economic characteristics of hydrologic data acquisition and hydrologic data as a commodity show that the conditions for a
competitive market are not met, so economically efficient conditions for the production and exchange of
hydrologic data will not be established through market transactions. This is due to the following:
1. A true demand for hydrologic data will be underestimated due to their nature as public goods.
2. The utility derived by having additional data for a particular "project" is often not quantifiable and therefore the value of the data is subject to uncertainty leading to a poorly defined demand.
3. The cost of acquiring hydrologic data is often transaction cost rather than production cost. This can lead
·to a poorly defined demand, and inefficiencies in supply.
4. An optimal supply will not be provided due to the monopolistic nature of hydrologic data acquisition.
5. There is a risk that a monopolistic tendency of hydrological data acquisition will undermine production
efficiency due to lack of competitive pressure.
It is important to analyze and understand the relevance of these results for hydrological surveying, since they
must be addressed in an attempt to formulate a comprehensive policy for establishing an economically efficient
supply of hydrologic data.
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THE BENEFIT OF THE UK MET OFFICE TO THE NATIONAL ECONOMY
Ms Sandy Teske- UK Met Office
Mr Paul Robinson - Bramshill Consultancy Ltd

INTRODUCTION
This paper presents the results of a study to assess the benefit to the UK economy from the
services provided by the Met Office. The study was performed by Bramshill Consultancy Ltd in
collaboration with Professor Peter Stubbs, from the University of Manchester, and Or John Thornes,
from the University of Birmingham.
In sponsoring this study, the Met Office sought to satisfy a number of objectives. Firstly, since
the Met Office increasingly needs to produce revenue from commercial customers, the results provide
a basis for marketing its services, by reference to the resulting benefits to those customers. Analysis
of the results can show how the services could be enhanced to the further benefit of the users. In
relation to Government funding of the Met Office, demonstration of the economic benefits can support
the case for continued funding, especially if it is possible to show the relationship between levels of
funding and the corresponding levels of benefit- the incremental benefit. Also, in principle, the results
can be used by the Met Office as an input when considering the best allocation of resources internally,
and this has particular significance when the overall budget has to be adjusted. These issues are by
no means unique to the UK.
The study was conducted over a 6 month period and with a rather modest budget, in view of
the variety of industry sectors and aspects of everyday life that are impacted by weather and which
stand to gain from accurate weather information. As a consequence, the study was not able to address
any area in great depth and a pragmatic approach has been necessary, to derive broad-brush
estimates of benefits
SCOPE AND METHODOLOGY
The study addressed the benefits to customers and users of services in the five business areas
of the Met Office ie Defence, the Public Met Service, Civil Aviation, Commercial Services and
Environment. In total, some 15 industry sectors were examined together with the specialised services
provided to the public, government, public authorities and branches of the Armed Forces. In addition,
a nationwide survey was conducted, to identify the way in which members of the public use weather
information and what value they place on the information.
There was considerable interaction between the Met Office and the study team - this is important
and was beneficial to the study outcome. Through a study Steering Committee, the team were able
to access the full range of specialists within the Met Office and a great variety of customers. The views
expressed by both groups can need moderation however. Met Office personnel have a natural
enthusiasm for the benefits derived from their work, whilst paying customers might prefer to play down
the benefits, having in mind their position in future commercial negotiations.
A number of methodologies exist for the estimation of benefits, but fundamental to each is the
understanding of the weather sensitivities of an industry, the way that decisions utilising weather
information can reduce these sensitivities and the economic impact of those decisions. Ideally, a
detailed case study, using decision analysis techniques, would be conducted for each known use of
weather information. In practice, the appetite of such techniques for data and analysis resources, would
have limited the scope of the study to the evaluation of only a small number of cases and the breadth
of study required by the Steering Committee would not have been achieved. Therefore it was
necessary to adopt other, more pragmatic techniques. One technique uses top-down estimation, to
apply a series of factors to the total output of an industry sector, to allow for the extent of weather
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sensitive activities within the industry, the proportion of losses which are avoidable, the prevalence of
the relevant weather conditions and the accuracy with which these conditions can be forecast.
Subjective estimation is utilised when fully objective analysis is not a practical possibility, but this must
always be done with the involvement of those in the industry having an understanding of the issues.
In some instances, users of weather services were invited to submit their own best estimate, or to react
to estimates produced by the study team, progress then being made to a consensus - in a number of
sectors this involved focus groups drawn from experts in the particular industry sector. All these
techniques were used in the study, in varying degrees and as appropriate for each sector, according
to the availability of data and to a certain extent, the perceived importance of the sector.
DEFENCE
In the UK, the Ministry of Defence is the most important customer of the Met Office. Its financial
commitment covers the extensive specialist support provided to the Armed Forces as well as other Met
Office services which are deemed by central Government to be in the public interest. Ultimately, like
the Armed Forces themselves, the defence meteorological service is primarily needed for times of crisis
and war and it is not possible to measure the benefit of this essential national capability in economic
terms. lt is, however, this crisis and war requirement that determines the continued need for
meteorological support in peacetime training/exercises and it is here that the study has identified a
number of quantifiable economic benefits which can be regarded as a bonus, since the justification for
peacetime meteorological support remains that of allowing safe and effective training for war.
In the case of the Royal Air Force, substantial savings are obtained from reductions in the
number of training flights which would otherwise fail to meet their mission objectives. Other savings
result from the avoidance of damage to equipment and aircraft. Bad weather remains a contributory
factor in about 10% of accidents, but there is no way of estimating how many more weather related
accidents would occur without the meteorological services currently provided.
Equivalent savings are achieved by the Army and the Royal Navy, in connection with their own
peacetime flying operations. In addition, since weather is a significant factor in the operation of artillery
ranges, the presence of on-site meteorological support allows considerable savings in the number of
artillery rounds needed to be fired to meet Army training objectives. The Royal Navy also benefits
through the use of weather routeing for their ships, which leads to savings in fuel.
The use of meteorological services as described above, and in a number of other financially less
significant ways, leads to an estimated economic benefit of around £120m a year.
SERVICES TO THE PUBLIC
One of the biggest challenges of the study was to address the benefits to the public from the
warnings and information provided under the auspices of the Public Met Service (PMS) and issued to
the emergency services and other authorities - in some situations direct to the public.
In the case of flooding, which is a relatively common problem in the UK, it was possible to draw
upon work by the Flood Hazard Research Centre and to estimate the flood damage which is avoided
by the public reacting to official flood warnings, as well as to severe weather warnings and routine
forecasts distributed through the media. Other benefits from the National Severe Weather Warning
Service were identified in respect of the public avoiding travel in severe weather and taking measures
to protect their property. The emergency services themselves were assessed as benefiting from the
service, in the preparations and resource allocation that they are able to undertake in advance of
severe weather events. In total the economic benefit from the two warning services relating to storm
tides and other severe weather is estimated to be at least £150m a year, on average. Many other uses
of severe weather warnings were identified which could not be readily quantified - in fact the subject
is quite complex because some actions taken in response to the warnings involve additional
expenditure which is incurred in order to avoid a social disbenefit.
The PMS also provides specialist advice in the event of accidents involving hazardous chemicals
or radioactive materials. The potential benefits from actions taken as a result of Met Office advice can
be estimated, but there was insufficient confidence to derive an average annual value because of the
diversity of the types and scale of incidents together with the remote likelihood of the more catastrophic
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events.

A survey was conducted amongst the general public, to explore the importance and utility of
weather information in work, domestic and recreation situations. The public's valuation of information
supplied through the media was quantified using a 'willingness to pay' approach. Grossed up to the
adult population of the UK, this valuation amounted to £540m a year after making a number of
corrections and allowances for the possibility of double counting with the benefits identified in other
areas. In practice, there is no suggestion that this sort of amount could be obtained by charging for
the information that the public already receive at no apparent direct cost to themselves, but it is a
measure of the value they place on the information, reflecting a great diversity of benefits, not least of
which might be entertainment value. The per capita valuation is not inconsistent with that measured
in a similar survey in the USA, which formed a major input to an assessment of the benefit of
modernising the US National Weather Service.
BENEFITS TO THE PRIVATE SECTOR
More than 50% of the study effort was devoted to the assessment of the economic benefits to
those industries in the private sector which were judged, on previous experience, to contain the most
important uses of weather information. Some 15 separate sectors were considered, grouped within
utilities, agriculture & fisheries, construction & manufacturing, transport and service industries.
In the utilities group, the gas and electricity industries are known to be highly weather sensitive
in consumption terms and the main use of weather information is for the prediction of short-term future
demand. Annual benefits of £33m and £66m respectively, were estimated for these two industries.
In the UK, the water industry encompasses the supply of water, the disposal of sewerage and a number
of other responsibilities generally related to the management of water resources. Currently available
forecasts satisfy the needs for a wide range of operational activities including short-term· resource
management. Planning of operations using weather information is also a feature of the UK off-shore
energy sector, with the effects of unexpected adverse weather having severe financial consequence s
and safety implications. For this group of industries as a whole, annual economic benefits of about
£140m were estimated.
Previous studies in many countries have examined the utility of weather information in
agriculture, but it is not always possible to extrapolate the results if there are substantial differences in
climate, crops and agricultural practices. For this study, a number of benefits from the use of weather
information were assessed - crop spraying proving to be a significant application, followed by general
day-to-day management of activities as deduced from a small survey of farmers. The fishing industry
is also very sensitive to adverse weather and benefits were identified in terms of safety and planning
when to fish. Whilst these benefits are significant to the industry, in absolute terms they do not rank
highly due to the small size of the fishing industry in relation to most others which have been assessed.
Even so, the total benefit to agriculture and fisheries is estimated to be just over £140m a year.
Although grouped together for the purposes of this study, the construction and manufacturing
industries differ widely in their sensitivity to weather, for rather obvious reasons. Many construction
activities, including some which are conducted indoors, are affected by a range of weather conditions.
From discussions with companies in the construction sector it was possible to quantify a number of
benefits, leading to a total of about £110m a year. In contrast it was only possible to identify a benefit
of about £1 Om a year within the manufacturing sector, covering examples of the forecasting of demand
from retail customers, the spread of pollutants and effects on some industrial processes. The diversity
of the manufacturing sector is such that many other benefits may well have escaped attention.
The study examined the air, land (road and rail) and sea transport sectors, in which extensive
use is made of weather information on a routine basis. Through its prominent role in international
aviation forecast operations, the UK Met Office provides information which is of benefit to the global
aviation community. In the context of this study, only the direct benefit to the UK civil aviation sector
is relevant and this has been assessed to be just over £80m a year, predominantly from route selection
and fuel planning. Benefits to the shipping industry, excluding fisheries and off-shore support vessels,
were estimated conservatively at about £6m a year. Land transport is another instance where a
specialised weather information service has been successfully developed by the Met Office to meet the
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specific needs of a class of users - in this case the Open Road service, in widespread use by highway
engineers. Benefits from this service were assessed by Dr Thornes and are the subject of a more
detailed paper presented to the Conference. Total benefits to road and rail transport are estimated to
be £160m a year.
Four service industries were examined - tourism and leisure, retail and distribution, insurance
and telecommunications. Again, the range and diversity of activities within these sectors means that
an exhaustive identification of benefits could not be anticipated. However a number of case studies
were conducted, to quantify the more significant benefits such as sales forecasting in retail, attendance
forecasts for the major outdoor leisure facilities and safety improvements in sailing and mountaineering.
For insurance, it was interesting to note the extent to which apparently false claims for weather damage
are rejected on the basis of weather records. In these four sectors, the aggregate benefit was
estimated to be almost £70m a year.
CONCLUSIONS
The total economic benefit of the Met Office to the UK was estimated to be nearly £1000m, of
which about £540m is a direct benefit to the private industry sector. The balance of £450m is a broader
economic benefit to society, consisting of savings attributable to the Public Met Service and Defence
Services. lt also includes some benefits from safety improvements in private sector activities which
accrue directly to society, rather than to the industry concerned.
Substantial social benefits, which by definition cannot be directly quantified, accrue from the
Public Met Service and Defence Services, in addition to the economic benefits which have been
quantified. The Severe Weather Warning Service is a particular example where the assessed economic
benefit is not an adequate reflection of the full value of the service.
By using a 'willingness to pay' technique, the survey estimated that on a national basis, the
general public place a value of over £500m on the weather information they receive through the media,
at no direct cost to themselves. This largely reflects a perception of the value of weather information
for recreation and domestic purposes, with work related benefits being a somewhat less frequent
consideration.
In studies of this nature, it is important to capture as wide a range of data and expert opinion
as possible. The Met Office is using the preliminary results presented in this paper to stimulate
reactions from a number of national economic experts and authorities; this feedback may modify the
final analysis and identify priorities for future work.
RECOMMENDATIONS
Since this is the most comprehensive study of the topic made by the UK Met Office for over 20
years, it is hoped that it will be followed by further work, focusing in more detail on selected services
or classes of user. Having established base-line benefits in this study, it will be useful for the reasons
mentioned already, to examine next the incremental benefit resulting from changes in the quality of
service associated with different levels of funding.
The objectives of the UK Met Office in sponsoring this study were identified earlier and it is
believed that other National Meteorological Services may have similar objectives. Working in
collaboration, the UK Met Office and Bramshill Consultancy can provide a service under contract to
other organisations who require studies of this nature for their own purposes.
As is evident from this Conference, considerable progress is being made, but it seems unlikely
that any single country has sufficient resources to devote to the full range of benefits that could be
studied in more detail. So in the context of this Conference we recommend that means should be
sought, to pool the expertise and data that exists in different countries and make greater progress
through collaboration. Techniques for extrapolating results between different countries are possible,
when climate and industrial structures are sufficiently comparable. The WMO itself is a natural focus
for initiating the recommended collaboration.
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ECONOMIC EFFICIENCY OF HYDROLOGICAL VALIDATION OF WATER PROJECTS
IN RIVER CHANNELS AND FLOOLPLAINS
Prof. B.F.Snishchenko
State Hydrol ogical Institu te, St.Pete rsburg , Russia
There are 1.500.000 rivers in Russia. Hundreds of thoud,
sands of variou s engine ering structu res are being designe
a
Over
rivers.
constru cted and operat ing every year in these
bariver
on
impact
greate r part of Russia the extent of man's
efsins is great. The rate of this impact. the type, scope and
conosocio-e
of
fect are ever increa sing and are the sourse s
mic, techni cal and ecolog ical problems.
The tendency and the availa ble facts when the rivers loose,
ictable
their natura l dynamic equilib rium and go into unpred
of
ations
implic
so-call ed "technogenic state" make unfavo urable
erosion
ve
intensi ve anthropogenic impact on extremely sensiti
proces ses in river basins , regimes of channel deform ations and
sediments transp ortatio n in rivers.
Two aspect s in the interac tion between engine ering structure and the river should be disting uished .
(1) In case, when the anrhropo~enic load on the river systhe
tem exceeds defini te admiss ible limits. the channel and
or
ourse
waterc
floodp lain tend to degrad ation along the whole
ed
observ
is
in some reache s. In Russia. degrad ation of rivers
economic asin thousands of small and midle- sized stream s. Thediffic
ult besessment of these proces ses in hydrology is very
cause it is necess ary to consid er a degrad ation of all the river components, as a landscape elements.
(2) When some engine ering structu re is built and when it
intrude s into nartur al condit ions, the river responds to this
the degree of
structu re. The rate of this responce depends on this
case, the
river regime changes caused by the structu re. In
re
assessment of the economic loss for each partic ular structu
cera
can be made quite accura tely. The problem Is to develop
t
tain methodology for a hydrol ogical valida tion of the projec
riby
which would lead to minimum economic loss caused
ver-str ucture interac tion.
oThis methodology has been developed at the State Hydrol
hydthe
gical Institu te. It concerns the channel component of ort. derologic al proces ses in the river (i.e., sediment transp
formations of the channe ls, flow hydrau lics).
way
The methodology has been developed in the follow ingstudicase
and its efficie ncy has been proved by the follow ing
es.
(1) First, the state of engine ering structu res in water
ecomanagement were analyse d in differe nt branches of nation allture.
nomy (water supply, power genera tion. transp ort. agricu chanetc.): computation methods and methods for predic tion of ogical
nel changes were estima ted. which were used for hydrol
which were
valida tion of water projec ts: losses were discov eredreason
s were
caused by channel proces s manife station , and the of approp
establi shed. One of the main reason was the absence
riate standa rd documents for the project -maker s.
of
The total economic loss caused by inadeq uate account than
less
channel deformations to the nation al economy was no 1990,
when
before
rate
price
(in
year
per
s
rouble
00.000
5.000.0
the rouble -dollar ratio was not great).
ic
(2) Simultaneously with the analys is of the econom
proular
branches multi-p urpose studie s were made for partic
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jects under design or reconstruction. These projects were selected accordin~ to different classification features and multi-purpose studies were made. Among these projects it is possible to mention the following ones: waste-water discharges
from the automobile plant at Tolliatti (Volga River), water-diversion structures for oil chemical plant at Tobolsk (Irtysh
River), bridges and roads for the Baikal-Amur Railway Construction. lower pools downstream large dams. projects for navigation in the Vychegda, Severnaya Dvina, Don. Volga, Amur. Ob and
other rivers. etc.
According to the assessment of the Buyer, the annual economic effect of the hydrological validation of the projects
equaled from 5 to 50 roubles per 1 rouble of losses for research, which in absolute expression made the total sum from
hundreds of thousands up to hundreds of million roubles (in
prices before 1990).
(3) According to the results of the performed studies, the
methodology for the assessment of deformations in the channel
and in the floodplain caused by the project has been developed.
In consists of the four interrelated parts:
(i) Scientific classification of any engineering measure
and structure (Table 1):
(ii) Scientific classification of channel process forcasting:
(iii) Scientific classification of the predicted elements
of the channel process:
(iv) Scientific classification of the data required for
computation and forecasts.
(4) The methodology made it possible to develop not only
particular
for
scientifically validated recommendations
sub-projects, but to develop national standards for projects in
individual branches of the national economy.
For example, the following recommendations have been
developed:
- Recommendations on the account of channel processes for
power transmission lines projects. (Leningrad, Gidrometeoizdat.
1973, 179 pp.:
- Recommendations on the location and design of sites for
scattering waste water discharges. ( Moscow. Stroiizdat. 1981.
224 pp.):
- Recommendations on the account of river-bed deformations
for hydraulic projects in the rivers of the Baikal-Amur Railway
Construction zone. (Leningrad, Gidrometeoizdat, 1983, 71 pp.):
- Inventory of river-bed deformations and reservoir shores
transformations in the zone of underwater piplines across the
rivers. VSN 163-83. (Leningrad, Gidrometeoizdat. 1985, 142 pp.);
-Recommendations on the prediction of channel deformations
in the reaches of pits excavation and in the lower pools of
hydropower plants. (Leningrad, Gidrometeoizdat, 1988, 127 pp.)
and etc.
The economic efficiency of these documents is very high,
though it is very difficult to be determined, and even quite
impossible, if compared with any particular project.
At present it is necessary to reconstruct millions of
structures in the rivers of Russia, because the life of these
structures is over or on the point of being over. and because
the river systems transformed their regimes greatly after the
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constructi on of these structure s. At present. the hydrologi cal
validation should be often replaced by hydroeconomic validation
of the projects. This point should be illustrate d by the recent
important study of the State Hydrological Institute on a fundamental reconstru ction of the pipline across the Volga River
made by the Internatio nal Caspian Pipeline Associatio n; a
report has been prepared on this project. Two variants for the
solution of this problem are to be validated : one of them costs
about $ 35.000.00 0 US. the cost of the other project is about
$ 5 - 10.000.000 us.
The effect of the hydrologi cal validation of .these variants
is quite evident from the economic viewpoint.
TABLE 1

I ANTHROPOGENIC ACTIVITY IN RIVER BASINS I
I

I

hydraulic_str~ctures

agrotechn ical measures
on river basins

I active

measures 1n r1vers

I

:

and

: passive

I
I

category

1

I

I

Dams
Bridges
Water Diversion from
a River in case of
Water Transfer
Water Inflow to a
River in case of
Water Transfer
Numerous Alluvium
Pits in the Channel.
in the Floodplain

I

category 2

I

J

I

Hydraulic Structure s
for Channel Training

Water Diversion s
without Dams

Long-term channels
for Navigation.
Channel Straighten ing

Water Discharges
Waste Discharges

Cofferdams in the
Channel
Alluvium Pits in the
Channel and in the
Floodplain
Dykes,Fil ls for roads
Water Diversion s with
Dams
Structure s, Measures
for Timber Logging
Bridge Supports

Pipe-line s. Syphons
Power Transmission
Lines. Communication
Lines across Rivers

1

1

Short-term channels!
for Navigation.
Underwater Trenches

I

Structure s for
Recreation
Berths,
Embankments
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THE USE OF HYDROMETEOROLOGICAL INFORMATION
IN THE VARIOUS ECONOMIC SECTORS
M.Z. Shairmardanov, A.A. Korshunov
(Russian Federation)
of
Considering the trend towar·ds partial commercialization
within
hydrometeo-related services rendered to the economy
activities of National Hydrometeorological Agencies, the problems
of the economic efficiency raise when using hydrometeorological
information become extremely urgent. Due to economical reforms
caused by conversion of Russia to market economy, these problems
appear to be pru~ticularly crucial for the Russian Hydrometeorological Service and their specific nature is identified.
Conversion of Russia to market economy brings changes to the
traditional social structure (which becomes more complicated both
in terms of demographycal and regional aspects) and the structure of
economy
economy respectively. The emerging private sector of
introduces the specific requirements to hydrometeorological products
as well as to types, forms and methods of their delivery. Under
these conditions traditional hydrometeo services oriented to meet
mass-user demand turn out to be not effective enough, and the need
for efforts to improve the efficiency of industrial use of hydrometeorological products is recognized. The process of partial
commercialization that has stru~ted, makes it necessary for the
Russian Hydromet.eorological Service to develop services oriented to
meet individual-user demand. However taking into account the reality
and the experience of other National Agencies it is obvious that
mass-user demand services should also be developed. So far the
distinct boundary between these two forms of services does not exist
and it might be appropriate for the initial phase of market economy.
But irrespective of the future relation betweenthese forms, the
Hydrometeorological Service should provide people with accurate,
complete and timely information on natural hydrometeorological
phenomena (NHP), current information on environmental conditions and
2 or 3-day weather forecasts of general use.
The NHP warning system and the hydromet.eorological forecasting
service are currently in operation in Russia. However most of the
NHP forecasting methods are not automated, that. does not contribute
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to the prompt delivery of forecasts to users. Also users have to
face lack of NHP forecasting accuracy as well as of long-term
Provision of the Russian Hydrometeorological Service
forecasts.
with modern computer facilities can be very helpful to solve these·
problems. Activities of the leading hydrometeorological services
(such as the US National Weather Service) are more efficient also
due to more advanced systems of dissemination and delivery of
products to a specific user. In this respect technologies of hydrometeorological products and environmental information dissemination
via general use package commutation networks as well as computerto-computer ("supplier"-"user") information exchange appear to be
most promising.
Application of modern computer facilities and advanced telecommunication systems ensuring prompt delivery of weather-related
(both current and expected) information to user is estimated to
raise economic efficiency (prevented damage) up to 2-5% andmore
for some branches of economy.
Development of paperless technologies should be predomin~1t in
hydrometeorological services. It promotes further computerization of
service systems and development of work stations for specialists,
expert estimate systems (computer ones including), on-line data
bases, computer representation systems and service systems of a
CLICOM type.
The new requests of users considering specific features of their
manufacture appear due to partial commercialization of services and
hydrometeorological market formation. Hence, these requests require
revision of types, forms and methods of information delivery.
Therefore the raise of economic efficiency when using hydrometeorological information is directly connected with user demand
study.
Functioning of every branch of the economy is related to weather
conditions. However, in each specific case this relationship is not
the same, and is primarily accounted for by the character of the
branch. Taking· this fact in the account, it is necessary to find
out how major hydrometeorological factors affect different branches
in order to study demand for hydrometeorological products.
Figure 1 shows relationship for six major branches of the economy
(i.e. fuel-power system, agriculture, forestry, transport equipment,
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civil engineering, and public service), which are affected to the
greatest extent by weather and climate conditions. The effect of
hydrometeorological factors is characterized by both a number of
damage-causing cases and a size of damage.
Figure 2 shows distribution of economic effect from using
information on natural hydrometeorological phenomena (NHP). Agriculture accounts for the lowest economic effect (the damage
prevented is as low as 27.5% of all losses). This is associated
with the fact that agriculture, as opposed to any other branch of
economy, is, on the one hand. affected to the greatest extent by
weather factors (Fig.1) and on the other hand, a production cycle
is impossible to suspend in agriculture due to unfavourable weather
conditions. As a result, agriculture suffers great losses and this
leads to a lower effect of information activities of the Service.
However, the economic effect depends to a great extent not only on
the character of production, but also on the accuracy of NHP
forecasts or warning, as well as on how quickly these forecasts are
made available to users for them to take preventive measures in
proper time.
The application of adv~1ced computers ~1d telecommunication systems will allow a 4% - increase in net economic
effect for the branches in question (up to 45%).
The analysis of requests is made to take into account
the
requirements of particular users to forms and ways of information
delivery, as well as the character of the branch. Figure 3 lists
the analysis results for types of observations (Diagram 1) and
types of information delivered (Diagram 2).
According to the diagrams, the following types of information
account for the greatest demands: surface meteorological
~1d
aviation (45%), hydrological (25.6%), marine meteorological ~1d
ship (9%), agrometeorological (8.5%), aerological (3%). According
to the analysis of users' demands, historical data (many-year data
series) and prognostic/actual information account for 30% and 70%
of all requests, respectively. In this case, historical data are in
peak demand with the enterprises involved in civil engineering
(61. 5%), while prognostic ~-~d actual information is an peak demand
with agricultural enterprises (58% ~1d 64%, respectively).
Civil engineering and agriculture make use of the information of
43% an 13% of requests, respectively, to solve the problems as to
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long-term planning and branch development; the information of 16%
and 13% of requests, respectively , is used to design specific
Actual hydroinstallations and to plan specific measures.
meteorologic al information is usually used to solve the problems as
to the installation service and routine management. Prognostic
information is required to solve the problems related to design of
specific installations (up to 18%), installation service (up to
Transport makes a
38%) and routine management (up to 44%).
considerable use of prognostic information for service purposes
(more than 9%) and in routine management (about 9%). Power industry
accounts for up to 7% of requests for prognostic information and
products.
In this context, of particular importance is the following:
creating multi-purpos e data sets of improved data quality; special
prep~~ing
climatologic al service of branches of the economy;
different kinds of prognostic products and the information from the
data archive available as special hydrometeorological bulletins.
The analysis of the requests for hydrometeorological products and
information, which were met by the Russian Hydrometeorological
service in 1992 at the cost of state budget, as well as on contract
basis (at the cost of users), shows that the branches involved
account for 45.'7% of all requests; 25.9% of requests arrived from
authorities and managerial bodies, military force, law-enforcement
and legal bodies, customs agencies (with only 3% of them being met
on contract basis). The rest of the requests arrived from research
institutions, mass media, educational and health institutions ,
trading companies, etc. (Fig.4).
information
According to Fig.4, under market conditions, the
activities of the Russian Hydrometeorological Service with its
special production is being actively formed. It is also evident
from Fig.4, that the process of distinguishin g service into federal
(at the cost of state budget) and commercial (at the cost of users,
on contract basis) took on irreversible character.
In this case, the Service's work related to warnings of NHP,
obtaining and disseminating actual information and one-to-three -day
forecasts of general use, running the state environmental data
archive, p~-ticipating in internationa l programs is required to be
done at the cost of state budget. To provide this kind of
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activities, it is necessary that environmental observations, data
acquisition and transfer, research and developments be financed
from the state budget.
Other kinds of the Service~s activities,
including special
observations and partially information service of the economy, are
required to be performed on contract basis.
In conclusion it may be said that the results obtained by the Main
Geophysical Observatory~s staff under G.P.Vimberg~s supervision have
been used in the report.
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Ministerio de ConstrucciOn y Transports

lnstituto Nicaragiiense de Estudios Tenitoriales
ANALYSIS OF THE BENEFITS OF THE HYDROLOGICAL SERVICES
FOR THE NICARAGUAN ECONOMY
Claudio Guti~rrez Huete

ABSTRAC:!:
The Nica.raguan Government is making great efforts, within its
economical limitations, to reactivate a system which permits the
This includes
systematic evaluation of our water resources.
institutional reinforcement; the network of hydrological and
meteorological stations; the creation of data banks and an
efficient system of distribution of basic information.
In general, Nicaragua coqnts with sufficient resources of water
to satisfy its necessities in the medium and long terms.
However 1 only 7 percent of them are available in the Pacific
Region where 61 percent of the population is concentrated.
Furthermore, 67 percent of the precipitation occurs in three
months, not continously.
It. must not be discussed that water is a factor of positive value
for the economic and social development of Nicaragua as can be
seen from the following facts:
Nicaragua could develop under irrigation up to 6 25 1 000
However, only a
hectares of soils of excellent quality.
small quantity is under irrigation now.
Only lOO MW of hydroelectric energy are produced now of a
potential of more than 2,000 MW.
Only 55 percent of the population benefits from the service
of water supply.
More and more critical situations of drought and
inundations are observed, in areas of economical and social
importance.
Evaluations of the economical benefits of the hydrological
services are presented based on the required investments for the
most relevant proyects that the country has to implement in the
short and the medium terms, applying the following criteria:
1.

Considering the mentioned benefits equal to the costs of
the basic information required for the adequate design of
the corresponding hydraulic works.

2.

Equalize the benefits to the sum of losses that would occur
in case of erroneous dimensioning of the hydraulic works/
due to limited registrations or less confiable data.

The mentioned costs would affect the magnitude of the initial
investments as well as the annual operational costs. This would
permit to estimate the economical benefits of the hydrological
services in Nicaragua.
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BENEFIT OF
METEOROLOGICAL SERVICES IN CHINA
PROF. MA HENIAN
DEPUTY ADMINISTRATOR
ADMINISTRATION
METEOROLOGICAL
CHINA

1.

INTRODUCTION

The achievements resulted by the reform and open policy in the
past 15 years have demonstrated that the absolute value of losses
caused by meteorological disasters will increase with the development of economy. Therefore the demand on meteorological services will also grow. However the quality of meteorological services provided will be greatly improved with the progress of
science and technology, therefore the benefit of meteorological
services will also grow accordingly.
The benefit of meteorological services is normally characterized by its comprehensiveness, covering economic benefit, social
benefit and ecological benefit. In this paper the analysis and
assessment on benefit achieved in China are made based on the
latest survey and a discussion on further increasing the benefit
is also included taking into consideration of the current situation of the country.

2.

ASSESSMENT ON THE ECONOMIC BENEFIT OF METEOROLOGICAL SERVICES

In the early 1980's, a study project on the assessment of
.benefit derived from meteorological services was implemented by
a
since 1993
China Meteorological Administration (CMA) and
group of professional people has been organized by CMA to carry
out assessment and analysis on the economic benefit achieved by
public weather service and by the services provided for various
sectors of economy. The preliminary statistical results indicate
that the ratio of input (investment in meteorological services)
and output (benefit derived) is approximately 1:38.9.
Benefit Achieved in Public weather service

The assessment of
is conducted through
prehensive analysis
''willingness to pay

benefit achieved by public weather service
nation-wide questionnaire survey. The comand assessment are carried out based on a
approach" basis. The results indicate that

1
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the total economic benefit achieved throughout the nation is
about 9.17 billion Chinese Yuan (RMB) annually (see table 1). The
unified questionnaire is prepared by CMA and is dispatched nation-wide by the ·meteorological services at different levels. The
assessment is carried out by a unified calculation method after
the classification and statistical analysis of collected questionnaire are properly conducted.
Following is the calculation method:
BVp

1
(

=

-

6

.~

n 1=1

C·1 B·1 ) M

where ci is the middle number of each reimbursement grade,
Bi is the number of people of each reimbursement grade,
M is the population over 16 years old throughout. the
nation,
n is the total number of questionnaire dispatched.
Benefit Achieved in various Economic Sectors

The expert assessment method is applied in accessing the
benefit of meteorological services in various economic sectors.
First, experts from different sectors are selected to work out
the proportion of benefit in the total production value of each
sector separately. On such a basis, data and information are
assembled to arrive at the total economic benefit of meteorological services in various economic sectors. The total benefit is
estimated to be 22.9 billion RMB (see table 2).
The questionnaire and the guide line for conducting the assessment are prepared by CMA. The meteorological services of
different levels take the responsibility of selecting economic
sectors for survey and experts for participating in assessment
according to the situation at different levels. The assessment is
carried out through discussion and analysis on questionnaire~
The calculation method is:
BVT

m
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J=1

1
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n 1=1
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J

where BVT stands for benefit of meteorological services in
various economic sectors,
Bi is the result of expert assessment,

2
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cj is the total production value of each sector,
n is the number of expert involved in assessment,
m is the number of sectors selected for assessment.
The ratio of cost .and benefit is calculated by
BV=C/( BVp+BVT )
where c is the total investment in meteorology. The total
investment in 1993 was 826 million RMB.
3. EXAMPLES DEMONSTRATING THE BENEFIT OF METEOROLOGICAL SERVICES

The benefit of meteorological services is interwoven with
almost every aspect of national economy, social development and
people's life. In addition to the economic benefit for which
quantification could be easily made, greater attention should
also be directed to those social and ecological benefit for which
quantification could hardly be made. Some examples are given
below to illustrate the social and ecological benefit.
Benefit of Public Weather Service

According to the public survey carried out by the China Central TV, TV weather forecast program is one of the most popular
programs in China with an auditorium of over 600 million every
day.
In 1994 a nation-wide public survey on the benefit of public
weather service was carried out by CMA. The result indicates that
in average, the weather forecast issued by TV and radio is received by over 1.04 billion manjtimes every day. The current
weather forecast is regarded satisfactory or basically satisfactory by the people. It is obvious that in addition to economic
benefit, such kind of public weather service has also produced
social benefit in respect of making things convenient for people
and improving the social and cultural life of people.
Benefit Derived from the Decision-making Oriented Meteorological Service

In June 1994, the most serious flood ever occurred since 1949
hit Guangdong Province and Guangxi Province. Thanks to the accurate weather forecast, 3-5 days in advance, provided by meteorological services, a number of urgent actions were taken by local
governments to evacuate more than 100 thousand people from flood
3
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stricken areas. As a result, 3 medium-size reservoirs, 2 mediumsize power generation plants and a large bridge were also protected from damage. Tens of thousands of hectares of farm land
were protected from inundation.
In 1991 the Yangtze and Huaihe River basins were hit by the
most serious flood ever occurred in the history of past lOO
years. It was also due to the correct and timely forecast of
heavy rainfall provided by meteorological services, nineteen
thousand people were safely evacuated before inundation and a
severe damage was avoided.
In May 1987, an exceptionally extensive forest fire occurred
in Daxinganling, Northeast of China. At this critical moment, the
meteorological services provided timely and accurate weather
information and satellite monitoring information dedicated to the
forest regions on fire. All these information served as an important basis for government decision-makers at both central and
local levels in order to better understand the fire situation and
The services
to organize combat activities against the fire.
rendered by the meteorological departments were highly commended
by Premier Li Peng.
These decision-making oriented meteorological services are
too many to be cited. In addition to apparent economic benefits
as a result of those services, the social benefits are equally
enormous in terms of protecting people's lives and their properties and in terms of maintaining the social stability.
4. THE MAJOR PRACTICES AND EXPERIENCE IN PROVIDING METEOROLOGICAL
SERVICES IN CHINA

- we adhere to the basic meteorological services, i.e.
always putting the public services and decision-making
oriented services in the first place;

The public services and decision-making oriented services
serve as an 11 interface 11 between meteorological services and
socio-economic sectors and hence they have been regarded as our
basic services. Bearing this in mind, the Chinese meteorological
services at various levels always attach importance to these two
categories of services and regard them as main tasks. Only with
increasing improvement of these two categories of services, can
we improve the visibility of meteorological services and get more
support from both the general public and the government in
particular.

4
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- we always base ourselves on the current situation in China
agro-meteorological
to
higher priority
and give a
services.
China is a large agricultural country. Its total agricultural output reaches 32.7% of the GNP (based on the statistics in
1992). One of the basic national strategies is to enthusiastically develop Chinese agriculture. Therefore, agro-meteorological
service comes to the forefront of the meteorological services in
China. Based on Table 2, we can calculate that the benefit obtained from agriculture-oriented services (including those oriented to plantation, forestry, animal husbandry, side-line production and fishery) takes up 44.8% of the total benefit of all
economic sectors. Hence, it is important to further enhance the
agro-meteorological services.
- the meteorological modernization drive in China is the
solid foundation for increasing benefits of the meteorological services.
According to the survey made in early 1980's, the costbenefit ratio is 1:15 - 1:20. Since then, the benefit out of
meteorological services has been doubled. We believe that the
development in meteorological modernization, such as in satellite
meteorology, numerical weather prediction and computerized communication, etc., has lai~ a scientific and technical foundation
for increasing benefits of the meteorological services.
- although the main emphasis has been given to the public
service, another thrust is to fully develop specialized
cost-recovery services, which is an important area for
enhancing the benefits of meteorological services.
- the system of dual leadership is practiced within the
framework of China Meteorological Administration, which
creates a sound environment for supporting meteorological
services.

5
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An Assessment of Socio-economic Benefits
Derived from Public Weather Services

Table 1:

Total number of people under survey:

5861

number of people receiving
weather forecasts daily:

1040 million

those who believe the forecasts are
accurate (%):

85.2%

those who are satisfied with services
provided or feel generally acceptable:

80.8%

population above 16 years old

795.87 million

total benefit from public weather
services (statistics based on
willingness-to-pay approach) :

9.17 billion
(Yuan RMB)

A Breakdown of People Willing to Pay (%)
RMB Yuan

1-10

11-30

31-60

61-100

100-

proportion

industrial
workers:

65.57

14.92

9.76

4.45

5.31

18.86

farmers &
fishermen:

66.67

17.04

7.32

4.04

4.93

18.10

scientists,
technicians
& teachers:

70.00

16.49

7.03

2.43

4.05

10.01

students:

65.05

18.01

8.33

5.65

2.96

10;06

officials
& solders:

69.01

15.49

6.48

3.08

5.93

24.62

medical
staff &
businessmen: 66.17

17.29

6.02

7.52

3.01

7.20

others:

19.42

7.28

5.83

4.37

11.15

63.11

6
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Table 2.

An Assessment on sectorial Benefits of Meteorological
services

Sectors:

benefit-production
value ratio (%)

benefits out of met. services
(in lOO million Yuan RMB)

plantation:

1.25

forestry:

1.0

4.2

animal
husbandry:
sub-line

1.0

24.5

production:

0.5

2.7

fishery:

0.5

3.0

industries:

0.15

37.6

power
generation:

0.75

7.6

construction:

1.5

49.4

railway:

1.5

7.1

highway

0.35

7.7

shipping

1.5

2.3

aviation

5.0

5.8

post &
telecom.:

1. 5

4.3

commercial
business:

1. 0

4.3

68.5

total:

229.8

7
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THE EJONOMIC BRr:~EFITS OF
HYDROMETIDP.OI.OGICAL SERVICES IN

VIET NAU

( Dr ~· 'NGO VAN RHOA, Hydromcteoro lor;ic al Service
VietNom).

ABSTRACT

VietNam is ~:m ar::ricnltural f!nd developing country
1.n the humid tropic nl monsoon nren of the Gouth East !I sin,
which is r:reotly affected by natLU'al disasters belonging
to hydromctearolor-:ic nl phenomena. Agric Ltlttu"'nl deve1opment
in i:he c otmtry also dcp ends greatly on natural condition.
·r!!c pres.entation will discnss the ooonomic benefits
of h.ydromctcorolor::ic al services. Although they h<1Ve not yet
been qnantified completely, bnt have been recong.aized by
every branch and people and these scrvic cs have become on
indispensable element in planning the s~rategy of the socioeconomic dcvelopmenij. of our co\.Ultry.
Every yenr, from 4 to 6 typhoons directly affected
the collntry, they freqne-.atly lead to heavy losses in lives
and proporties in force ast and war-.a in time the danar:;es of
. typhoon and floods, contributing an important part to the
protection of lives and properties as ?Tell as social and
econimic constructions.
F.c ono mic b e-.aefi t gaininG from providing timely
forecasting and war-.aing of 1993 year da:1gerous natnral phenomena (typhoons, floo·ds) will be illttstrated in the presentation.
It is equivalent to USD 30 million. However damages were still
great.
To day the basis for bnilding national Society and
economy is all~arotmd development of agriculttrre. Hydromcteorolor-:ical services play an important role in the planninG of
the strategy of Socio~economic development of the cotmtry.
Therefore, oxc epting the provision of the ar-;ric ul tu.re with
hyc'irometeorolor;ic'al 1,nformation for zoninr; crnd planning
agriculttrrol production and studying of a reClsonable season
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and crop pnrter-.n .in oder to increase food yield. We have
issued medium range hydrometeoro lor;ical fonecasts of rainfall
and flood for the manar;emcnt of agricultnral pr.odL'lCtion ond
irrir::r:Jtion.
data as well as
empirical
A series of analysisrof
.
\
analysis of survey rcsnlts indicate that benefit/cost ratio
for ar::r:tc ul ture (fores"!!y, fishery and irrir::ation included)
as a whole is no less 10:1. In 1994 the food output of our
corr~try will be 25 million tons. We effectively participate in
the mitigation of damage caused by typhoon, :flood and drought ••
and in encouraging the Government and the famers to take full
es and abllndant water
a dvontage of the tropical climate resoL1.I'c
'
resources for increasing food output by 0,5-1% yearly.
~

Besic1es servicing the broad masses in disaster prevention and preparedness and supplying socio-econom ic plonning
and developrne-n.t with hydrometeoro lor;ical information, we hove
carried out special services to meet specialized rcquircmcmts
of various economic sections, offices, companies, collective
or porsonol uses. Here we have implemc-.ated services throL1[::h
paid contraciis with the nscrs. The income from hydrometeoro lor:ieol services is.very low. For example, In 1991, a total
expense of Gervices was nearly USD 200 thousands, in 1992more than USD 320 thouse1nds an in 1993 - USD 500 thons~nds
ond equolling to 10% of a total ~~udget of Onr Service.-
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DATA EFFICIENCY OF METEOROLOGICAL AND
HYDROLOGICAL SERVICES (EXPERIENCE IN BULGARIA)
Vladimir Sharov, Dr.Sc., Maria Popova, Ph.D.
National Institute of Meteorology and Hydrology
The budget difficulties of the meteorological services of East Europe after 1989 have influenced
very much their development strategies. All of them had to stop some interesting but expensive
activities - many of scientific researches, national and international leased lines for
meteorological data transmissions, meteorological rocket stations, many upper-air observing
stations, etc. Everywhere the staff engaged in meteorological and hydrometeorological services
has been reduced (from 20 to 50% or more). There has been no government budget to up-grade
the observing network, the telecommunications or the data processing abilities. If the budget of
the Bulgarian National Institute of Meteorology and Hydrology in 1983 was USD 0,72 per
person of Bulgarian population, in 1993 it was only USD 0,23 per person. The only solution
was to learn and simultaneously to realise marketing and become "partly cost-recoverable
meteorological service" [Bodin, 1990]. Many examples could demonstrate the economical
benefit of the hydrometeorological activities. Even if we are able to mention all of them the
result would be very small percentage of the real economic benefit. There is no doubt about the
enormous usefulness of meteorological services for all weather dependent human activities and
especially in case of natural disasters. This usefulness depends on our ability to organise
efficiently our data technology.
A better way to make relative estimation of all benefits is may be to show the improvement of
data efficiency and than to analyse how much increase provided to users meteorological and
hydrological data and services every year.
The economic benefit of any goods depends on the number of the sold goods. Every producer is
searching how to improve the quality, performance, technology or something else with the only
purpose to sell more. It seems that the same strategy of benefit estimation could be used to
evaluate the economical benefit of meteorological and hydrological activities and services. The
purposejs tQ as~l!r~ tb_ctt the_rigbt datCI. and_se_rviceswilLr_each_the_right _customers, or to_assure_
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good marketing of meteorological and hydrological data and services. Our main questions
every year should be:
- How well we match the requirements to advise governmental authorities in case of natural
disasters?
- How much does the total number of provided to users meteorological and hydrological data
and services increase ?
-How much does the recoverable part of the cost of data and services increase?
We could consider that the total volume of realised services depends on data efficiency.
Data efficiency model is multiparametrical function of equal value data parameters [Popova,
1991] such as accuracy, availability, timeliness, differentiation, presentation form, update
frequency etc. Our experience has shown that the improvement of every one of them could
result in better service to governmental requirements and bigger volume of sold data and
services - e.g. the 27% improvement of differentiation of created meteorological products as a
result of implementation of a new computer technology in 1992 provoked a rise of the realised
services by 42%; the 63% improvement of performance as a result of new telecommunication
technology in 1993 improved the number of realised services with operational data and products
by 118% etc. (The bigger part of these services is still provided free of charge.) We estimate the
percentage of improvement of any parameter by comparing how much we get closer to match
user's requirements after each step of progress- e.g. if we start to create some products in HH +
70 min. instead of HH + 90 min. and the acceptable time period is between HH + 15 and HH +
180 we improve the timeliness by 12%.
When we find ourselves in a situation of well-cut budget, when we have no one cent to buy new
equipment or to develop our activities, we become very careful in searching the ways to
improve the realisation of our researches and services and as a result to assure additional budget.
What to improve and how to improve?
The answer of these two questions depends on our good knowledge of:
-data parameters;
-the experience ofthe other meteorological services;
-users.
All data parameters depend on technical and scientific quality of the Hydrometeorological
Services as a result of their human and budget factor. Of course the human factor (the number
of good experts in the service) is much more important than the budget factor (how much the
available budget match to the required for the maintenance and development of the service) and
fortunately the East Europe meteorological services are able to compensate to some degree the
low budget factor by their very high human factor. In [Popova, 1991] we have given en
example of national data management in meteorological -service by non-expensive data- ---

- 49 -

technology with good data efficiency and also the methodology how to estimate data efficiency.
When we decide what to improve we find out and analyse the worst data parameters and we
search for the ways to improve them. As an example column 3 of Table 1 shows the status of
data parameters of our meteorological system in 1990. Two alternatives were possible:
- to start realisation of new data technology in meteorological service that could improve mainly
timeliness, presentation form and availability;
- to start automation of the observing stations that could improve mainly accuracy and update
frequency.
So we decided to start realisation of the new data technology by introducing PC-based network
between main units of meteorological service (observatories etc.) and main end users. We connect all participants in METEONET throught four communication media: Public package
switch network (Bulpac), meteorological package switch radionetwork, telex and public telefon
network. Every one has access to two or three communication media. After implementation of
the first stage of the new data technology we have obtained data parameters described in column
4 of Table I.
Table I.
Improvement of data parameters as a result of new data technolog)l:
Data parameters
1990
1993
No.
1
2
3
4
1
availability
37%
53%
2
timeliness
23%
75%
3
accuracy
46%
51%
4
differentiation
82%
87%
5
presentation form
18%
57%
6
30%
update frequency
40%
A real increase of all data parameters is obvious. The biggest is the increase of timeliness
(52%), presentation form (39%), availability (16%). The result is a total increase of data
efficiency by the factor of 25 (Table II). The number of sold data and services increased by the
factor of 14. Now many customers have access to meteorological data and products by Bulpac,
national videotext systems as Infotel and Televest, or byE-mail. Much more important is that
now we are able to assure governmental authorities with real-time data in case of natural
disasters from many points of the country. That is a big. benefit of the progress in
meteorological service. Of course with the next stages of the new data technology we expect to
improve actual status of data parameters. If now followung out methodology we analyze the
actual status of data parameters (column 4 of Table I) we should improve data accuracy and update frequency. In accordance with the improvement strategy we have to introduce automated
observing stations. In addition the implemented new data technology is an excellent support for
such introduction.
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How does the improvement of data efficiency influence the number of realised
hydrometeorological services? Table 11 shows the rise of sold meteorological and hydrological
data, products and services, as a result of data efficiency improvement.
Table 11
Increase of additional budget of NIMH as a result of data efficiency
imprDvement by the hew data technology
Rise of additional budget
Data efficiency
Year
from sold h.m.services
improvement
3
2
1
0,2 times
0,1 times
1989
3 times
5,8 times
1990
3,5 times
6,2 times
1991
2,7 times
1,7 times
1992
2,5 times
4,1 times
1993
14 times
25 times
Total:
If we compare the activity of meteorological service during two big natural disasters - the big
flood in July 1990 when we kept absolute silence and the snow storms in march 1993 when our
assistance was remarked with thanks from the government, we could conclude that data
efficiency is a good indicator of meteorological service economical benefit . Although during
the last years we have found many new customers of meteorological data and services (as
holiday's centres, insurance agencies etc.) we are sure that we are not so close to good marketing
as many of end users of enormous data files (as Civil aviation, Marine transport etc.) still
receive our data and services free of charge as before 1989. We need very much to exchange
experience with all WMO members in marketing activities. It seems very necessary to:

-create WMO "Guide in meteorological marketing";
- organise Workshops and Seminars for regular exchange of marketing experience;
- elaborate WMO recommendations concerning unified prices and qualities of meteorological
and hydrological data and services.
Bibliography:
1. Bodin, S. 1990: Service management: Turning a National Weather Service into a service oriented organisation - the swedish experience. Economical and social benefits
of Meteorological and Hydrological Services. Proceedings of the Technical Conference, WMO No.733
2. Popova, M. 1991: National Data Management by non-expensive data technology.
Practical aspects of Data Management. Training seminar on "Data Management
and Monitoring aspects", WMO/TD-No.458
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JD:HHC CASE FUR THE PROJB:TID KDERNIZATICti
OF THE ME:rEDROJ.DGICAL SERVICES IN mMLAND

Snith 'l'tEsaroch

INI'ROOUCTICE

Since the early 1980s the annual economic growth rate in Thailand
has been amongst the highest in the world; it currently averages more than
8% per annum. This astonishing growth rate has not been achieved without
cost, other considerations sanet.imes outweighing safety and environmental
protection. A recent series of natural disasters and technological
accidents has resulted in the greatly increased awareness of the Royal Thai
Government ( RTG) of the need for a corrmon framework for dealing with all
possible disasters. Losses caused by disasters reduce the pace of sustained
econanic developnent and often lead to a heavy drain on available
resources, diverting them fran developnental aims. It is thus generally
accepted that Governments need to integrate disaster reduction in their
national
developnent planning, making clear policy statements in
developnent plans and designating the national agencies for planning and
implementing activities ajJned at reducing both vulnerability to disasters
and their impact.
Considerations such as the above have resulted in tl1e R1~
including in the current Seventh Social and Economic Developnent Plan
(1992-1996) provision for strengthening management strategies and policies
to enhance the ability to manage natural disasters.
'lliE ROLE OF THE 'llJAI MEI'IDROI.OOICAL DEPARIMENI'

One part of the 1992-1996 plan is d,irected to the Thai
Meteorological Department ('IMD) with a view to its ·.modernization at both
national and international levels. This paper descr;tbes briefly the types
of disaster with which the '!MD is required to deal ·and their impact, and
indicates some of the responses planned. These measures will, it is hoped,
significantly improve the econanic benefits derived from the meteorological
and hydrological services provided to the user in our country.
On average about 4 tropical cyclones affect Thailand each year.
Most have weakened into tropical depressions by the time they affect our
country but tropical storm or typhoon strength cyclones occur about once in
6-7 years. As with Typhoon GAY in 1989 the loss of life and econanic damage
can be very heavy, especially when accompanied by storm surges (see Table
I). Serious, and sometimes catastrophic, flooding is a historical problem
for Thailand, and for most areas of the country. 1he floods and landslides
in the South in 1988 were a sharp reminder of their disaster-producing
potential. Improved forecasting and warning of such conditions is essential
for both safety of life and econanic reasons. Much of Thailand has a
well-defined wet season, the remaining 6-7 months of the year featuring
little or no rain. The resultant drought, allied to rapid deforestation and
the accompanying erosion and developnent of acidic soil, is producing
increasingly serious problems. Growing demands for water stem from larger
populations and rapid industrialization. Monitoring these conditions and
conducting hydraneteorological studies for the optimum use of water
resources is imperative. 'IMD must be able to contribute effectively to this
aspect of econanic developnent.
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TMD is also responsible for monitoring seismic activity in
Thailand. Although there are no historical records of serious earthquakes
in Thailand rapid industrialization and urbanization with the change from
low level to high rise buildings is creating a new situation. Better
knowledge of the impact of these changes is an essential preliminary to the
provision of proper scientific advice on which building codes and
engineering standards for seismic resistant buildings can be based.
Table II shows the relative ranking of risks from the hazards to
which Thailand is vulnerable, both for those of a meteorological nature
referred to above as well as for non-meteorological hazards. For the latter
category it may often be the case that meteorological or hydrological
information will, to a greater or lesser extent, be of value. 'l'he TMD must
prepare itself to assist in this way.
To play
its full role in the rapid economic and social
developnent of Thailand, the TMD must modernize its basic services and also
ensure that it has available highly qualified and experienced scientific
and technical staff. Some of the measures aimed at accomplishing this and
already included in the current Seventh Social and Economic Developnent
Plan are listed below:
'I1IE PROJF.X:TED MJDERNIZATIOO O:t"' MErJ!DROIDGICAI. SERVICES

Project 1: lmpJ:'OV€l'IEilt of Weather Forecasting and warning Capability
- Establishment of real-time meteorological data base
Improvement of meteorological data network
Establishment of numerical weather prediction system
Project 2: Developnent of Meteorological Telecamn.mication System
Upgrading of GTS circuits including establishment of new circuits
between RTH Bangkok-NMC Vientiane and RTH Bangkok-NMC Phnom Penh
Installation of message switching system
·
Installation of new domestic data collection system via satellite
Project 3: Developnent of l\eronautical Infonnation System
Establishment of OPMET Data Bank System
Installation of one additional set of Wind Shear Alert System and
three additional sets of Automatic Weather Observation System
Project 4: Developnent and Improvement of Meteorological Stations
Enhancement and improvement of agrometeorological, hydrometeorological and meteorological observing station networks
Project 5: Upgrading of Khon Kaen Met..eorological Station to be Upper Northeastern Regional Meteorological Centre
Project 6: Developnent of Meteorological Instruments
Improvement of satellite receiving systems
Development of weather radar network
Installation of two additional sets of Automatic Weather
Observation System and one additional weather radar
There are a number of other activities that the 'IMD will
endeavour to perform in conjunction with the above in order that a better
'feedback' on the benefits of the additional resources conrnitted may be
obtained. These might include:
- Mapping of all major meteorological and hydrological hazards on a
regional and provincial basis
- Vulnerability assessments related to all major meteorological and
hydrological hazards identified in the hazard mapping process
- Using these hazard and vulnerability assessments, complete risk
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TABLE

Disaster
For Tha.i1and
So~e

I

Type of disaster
Flood - Bangkok only

- South only
- excluding Bangkok
- excluding Bangkok
Typhoon -

Typhoon Gay
Typhoons Era & Lola
Typhoon Fred
TYs Angela & Colleen
TS Forrest
- TSs Lewis & Winona
TY Hanny

Drought

1

Dead

1975
1982
1983
1988
1992
1993

374
5
4

1989
1990
1991
1992

602
38
27
8

1993

22

1988
1989
1990
1991
1992
Bangkok>

Injured

5,495
2
17

1988
1989
1990
1991

77
63
154
45

Vehicle Accidents

1992

8,184

Occupational Accidents

1991

54
9
118
55
50
230
208
293
84

<61,329)

4

108,089

2
Affected families
Budget for rehabilitation
4
Damage
Accidents
5
Of government and n~n-government organizations budgets
6
Workman's compensation paid
Source : Civil Defence Division, Local Administration Department
:J

470
293
70
155
34

1

67
22
126
43
90

Loss <USSm >
44
44
264
302
7
4

(496,600)
1
(536,550)
1
<1,221,416)
1
(2,430,663)
1
( 2, 533, 194)

1989
1990
1991
1992
1993

Strong Wind

Fire<R~cluding

Year

Statistics

2
14
82
2

15
2
40
2
24
3
2
3
0.6
73
33

I

I

83

53
27
60
75
24
25

15

fl

I
I
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assessments.on a regional and provincial basis
- case studies of the long-term economic impact of previous meteorological
and hydrological disasters in 1hailand, as well as hypothetical studies of
potential future disasters.

we shall be pleased to make results from our studies available to
all interested in due course.
REFERENCES:

Asian Development Bank, 1991: Disaster mitigation in Asia and the Pacific.
National Library of the Philippines CIP Data, 392 pp.
Asian Disaster Preparedness Center, Asian Institute of Technology, 1994:
Strengthening Disaster Management Strategies in Thailand, UNDP, 84 pp.

TABLE II

Relative Rank o£ Risks from Hazards, Impact. on Vulnerabilit.ies and
Level of Their Management in Thailand <AIT/UNDP 1994>
Hazard

Vulnerability Management

Risk

Moderate

Moderate

Moderate

High

Typhoon and Storm SUrge

High

Flood

High

Moderate

Landslide

Moderate

Low

Poor

Moderate

Eart.hquake

Low

Low

Poor

Moderate

Drought

High

Moderate

Moderate

Moderate

Epidemic

Low

Low

Moderate

Low

Moderate

Low

Poor

Moderate

Explosion

High

Moderate

Poor

High

Fire

High

Moderate

Major Accident

High

Moderate

Poor

High

Civil Unrest.

Low

Low

Poor

Moderate

Moderate

Low

Pest

Refugee Influx

High

--

Moderate

Moderate
-

Moderate

Moderate
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THE ROLE OF THE PRIVATE SECTOR IN WEATHER FORECASTING SERVICES
N.D. LYNAGH, Noble Denton Weather Services Ltd, London, UK.
M.W. SLAVIN, Weathernews (UK) Ltd, London, UK.
J.C. THOMSON, Oceanroutes (UK) Ltd, Aberdeen, UK.

ABSTRACT
The growth of the private sector in meteorology in recent years and the increasing
requirement for National Meteorological Services to generate revenue from commercial activities
has led to the proposal by European National Meteorological Services to impose charges for data
and products provided to private sector companies~ This paper looks at the implications of such a
scheme and considers various approaches to a charging mechanism and their implications on
commercial meteorology.
1.

INTRODUCTION

Private weather services organisations have been in existence for many years, particularly
in the United States, but the last decade has seen an increasing number of private sector companies
in Europe, with such companies now well established in the United Kingdom, the Netherlands,
France and Germany.
Many private sector weather companies offer worldwide services, generally from one
location, but some have established offices around the world to service a diverse client base.
The growth of the private sector has perhaps not unexpectedly been viewed with some
concern by National Meteorological Services (NMSs). In many cases NMSs are now required due
to budgetary constraints to generate revenue from commercial services in order to reduce the burden
on general taxation and this brings the public sector into direct competition with the private sector.
2.

ECONOMIC BENEFITS

The economic benefits of meteorological services have long been recognised by the
meteorological community. It has been estimated that there is a substantial cost-benefit in National
Meteorology Services and Mason (1966) and Maunder (1972) have estimated cost-benefit ratios of
1:20 and 1:17 for the United Kingdom and New Zealand respectively.
In some areas of commercial meteorology it is not too difficult to arrive at definitive answers
in respect of the value of weather services. In shiprouting, for example, Motte and Calvert (1991)
have estimated that on trans-Atlantic crossings modern vessels capable of 20 knots and using a
shiprouting service saved on average some 3-4 hours compared with unrouted ships. For the Pacific
Ocean the average time saved by routed vessels has been estimated to be in excess of 7 hours. Since
the-saving of one hour's fuel will more than pay the cost of a shiprouting services, there is a clear
economic argument for the use of such a service.
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However, in most areas it is not easy to translate the benefits into commercial sales, since
many users of these services have been used to receiving the services free or at very low cost. This
attitude is changing due to the vigourous marketing efforts of both public and private sectors, and
it is estimated (Herdan and Otten (1994)) that the total commercial sales of weather services in
Europe, by both public and private sectors, is of the order of 107 MECU per annum and increasing.
It has further been estimated that the private sector share of this market is about 28 MECU.
3.

THE LEVEL PLAYING FIELD

The emergence of ECOMET, an association of European NMSs, has been presented as an
attempt to create a level playing field between the public and private sectors. This view has not
always been accepted by the private sector who may have perceived that the ECOMET agenda was
designt:d to limit data availability or at the best to set a pricing policy for data which would render
private sector operations uneconomic.
Whilst it is clear that a number of core activities must remain the responsibility of the public
sector, this does not mean that the private sector should not contribute to the fulfilment of these core
activities where possible and appropriate.
The main area of competition between the public and private sector is in the preparation and
delivery of value-added products to the customer. Many private sector companies have made
substantial investments in developing new products in, for example, the media market and in ship
routing, and have demonstrated that they can compete effectively against the public sector. It is in
the interests of the users of meteorological services, and we believe in the interests of the
meteorological community, that there is competition, but this competition must be fair, and there
must be equal access to data at fair prices. The frequently used phrase "level playing field" must
be achieved, the problem being that the slope of the playing field depends on the direction from
which you are looking at it.
In the United Kingdom, the Meteorological Office has Agency status and is planned to have
full trading status within the next few years. We welcome this approach, since it has been the
concern of the private sector that there may be cross-subsidisation within NMSs, allowing them to
offer commercial services at less than economic price and hence to undercut private sector pricing.
That this has gone on - and in some cases is still going on - is clear. Our understanding is that
under full trading status, notional transfers of money will be replaced by actual transfers of money,
effectively ensuring that the commercial arm of the UK Meteorological Office will be on an equal
footing with private sector companies, providing uneconomic activities are either rationalised or
closed down. We welcome this approach by the UK Met Office and hope that other NMSs will
adopt the same approach.
Given the importance of weather forecasting in the national economies of countries, the
availability of meteorological data might be considered an "essential facility". There are a number
of precedents in the energy, telecommunications and energy sector which illustrate the importance
of private third party access to the network of an essential facility.
As long as there is competition between the public and private sectors while at the same time
the NMSs control the access to and the pricing policies of data, there will be concern in the private
sector unless a formal structure is established in which the commercial activities of the NMSs and
the private sector have the same access and the same pricing structure for data. The availability of
data on a mutually equitable basis is therefore essential if fair competition between the public and
private sectors is to continue and to thrive to the benefit of both.

-

4.

57 -

CHARGING MECHANISMS

There are various approaches which can be taken in the question of data availability and
pricing. It is even possible to differentiate between raw data and products, for example. There is
a case for free and unrestricted access to synoptic data whilst imposing a charge for processed data.
Each country's NMS is under some pressure to contain costs and one way to do so is to
defray the costs of the data collection network - perhaps the original spur for the formation of
ECOMET. The pricing mechanism must therefore take this into account, as well as being equitable
for downstream users in both the public and private sectors. Suggested methods of charging
include:1.

The marginal cost method

2.

The royalty method

3.

The 'full recovery' method

Each of these methods has different strengths and weaknesses.
1.
The Marginal Cost Method
Since the data has been acquired and analysed at the public expense and for the public good,
the data should be made available as widely as possible for the incremental cost of storage and
distribution only.
2.
The Royalty Method
This method has been proposed by ECOMET, but not surprisingly has not found favour with
the larger private sector companies. The levels of royalty proposed - as a percentage of turnover is considered unrealistic by the private sector, and any royalty approach tends to penalise the most
successful and entrepreneurial companies.
3.
The Full Recovery Method
This approach would necessitate the assessment of the core costs of the NMS and then
apportioning the costs to end users, including the commercial outlets of the NMS. It is suggested
that this approach is cumbersome and bureaucratic in addition to which it may well lead to
unacceptable levels of increase to clients of both the public and private sectors and to a decrease in
the total revenue generated from commercial services.
It will not be surprising to hear that the private sector would prefer to follow the marginal
cost method. This follows the approach adopted in the United States and some other countries and
there are moves afoot in certain European Union member-states to introduce the same understanding
of the value of data for the public good.

Naturally the ECOMET members do not favour the marginal cost method as they are under
great pressure to recover these costs as far as possible. However, bearing in mind that the total
private sector market in Europe has been estimated at around 28 million ECU, then even at the
unacceptably high royalty of 15 percent of turnover suggested by ECOMET the total recovery would
be little more than 4 million ECU, probably scarcely enough to pay the costs of the administrative
structure proposed by the ECOMET members.
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5.

CONCLUSIONS

There are already instances of private sector companies who have made ad hoc arrangements
with their NMS for the purchase of data, but it is important that a comprehensive scheme is
established as soon as possible. It is accepted that there are diverging views in the private sector
as there are in the NMSs, and to reach a position acceptable to all will not be easy or
straightforward. What is important is that some system is established and that there will be some
assurance to the private sector companies that there will be no arbitrary changes in the rules
governing the availability of data and the commercial operations of the NMSs.
References
Mason, B.J., 1966: The role of meteorology in the national economy, Weather, 21: 382-393.
Maunder, W .J., 1972: National economic analyses of responses to weather variations, Proceedings
of the Seventh New Zealand Geography Conference, Hamilton, 207-16.
Motte, R.J., and Calvert, S., 1991: Journal of Navigation, 41: 3.
Herdan, B., and Otten, H., 1994: Development of commercial applications for weather forecasts,
Meteorological Applications 1, 33-37.

- 59 -

ECONOMIC AND SOCIAL BENEFITS OF METEOROLOGICAL AND B'XDR.OLOGICAL
SERVICES PROVIDED BY THE AUSTRALIAN BUREAU OF METEOROLOGY

K.A. Anaman 1 , D.J. Thampapillai 1 , A. Henderson-Sellers 1 ,
P.F. Noar 2 and P.J. Sullivan2
Macquarie University,

2

Bureau of Meteorology, Australia.

WRY VALUE THE BENEFITS 011' AUSTRALIAN WEATHER SERVICES?

Australia contains several climatic zones where people live and
undertake economic activities (for example, tropical, sub-tropical and
temperate zones) .
The country is however largely arid with much of the
land area being desert with little human economic activity possible.
It is
also characterised by extreme variability of weather and climate due to the
frequent occurrences of droughts in much of the continent and intermittent
floods in the heavily-populated coastal regions of the country, mainly due
to natural disasters such as tropical cyclones and severe storms whose
frequency is linked to the El Nine/Southern Oscillation (ENSO) .
The average cost of climate-related natural disasters is generally
high: at least one billion dollars annually in terms of direct economic
losses to individuals and the general public and can reach as much as 10
billion dollars in some years (Bureau of Meteorology, 1993).
Joy (1991),
for example, reports that the total insurance payouts provided by the
Insurance Council of Australia for the five main insurable natural
disasters (i.e. bushfires, cyclones, storms, floods and earthquakes) over
the 20-year period from 1970 to 1989 was about 4. 6 billion dollars with
tropical cyclone payouts accounting for about 33% of the total payments.
However as noted by Ryan (1993), significant identifiable benefits can also
arise from severe weather events.
For example, tropical cyclones can
result in increased inland rainfall, benefiting agriculture.
A major policy challenge facing Australian society resulting from the
extreme variability of the climate and the frequent occurrences of weatherinduced natural disasters such as bushfires, heatwaves, cyclones, severe
storms and tropical cyclones is for the establishment of measures to manage
the economy, to respond effectively to these events and allow for quick
recovery of local areas that suffer from these natural hazards.
The
reduction of weather-induced disasters through disaster avoidance measures
offers important economic and social gains, for example, through the
reduction in injuries and loss of life and through increased benefits that
may accrue to the major weather-sensitive industries.
The Australian Bureau of Meteorology provides meteorological services
in the national interest to individuals,
industry and commerce to
facilitate the taking of avoidance measures against natural hazards and
disasters and for effective planning of weather-sensitive activities.
In
conjunction with the Climatic Impacts Centre at Macquarie University, the
Bureau of Meteorology has embarked on a project to assess the economic and
social benefits of the services it provides to the Australian community.
The economic and social value of basic public weather services and a number
of specialist user-pay services provided to the agricultural, aviation and
mining industries are being evaluated in a range of sub-projects.
ME'tBODS USED li'OR THE VALUATIOl~ 011' SOCIAL
AND ECONOMIC BENEFITS OF WEATHER SERVICES

The use of weather and climatic information· can be classified into
two groups: (a) either as consumption goods by individuals for their dayto-day living or (b) as inputs into the production processes of firms and
organisations to generate outputs of other goods and services.
Public
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weather forecasts can mostly be classified in the former group while
specialist user-pay services for specific industries or firms belong to the
However there may some instances where the use of weather
latter group.
information can be both a consumption good and as an input in the
For example, a baker may use basic public weather
production process.
information for day-to-day living as an individual but may also use the
same information to organise production scheduling as a manager of a
The five sub-projects being undertaken to assess the economic and
bakery.
social value of meteorological services can be delineated into the two
groups of information use. These five sub-projects are detailed below.
Valuing basic public weather services as public consumption goods
The first sub-project involves the estimation of the economic value
of the Bureau's free-to-public basic weather services. This sub-project is
The first stage is to identify the full
being undertaken in two stages.
users of receiving and applying
individual
information search costs to
search costs are estimated over a
information
The
services.
public weather
period of time through the identification of users, the cost involved in
their phone calls and letters and faxes and the time users spend searching
and collecting the information about public weather services from the
The total information search costs of users are likely to
Bureau.
understate the values of the services and perhaps represent the minimum
This approach
economic values associated with the basic weather services.
services to
climatic
and
flood
Bureau's
the
to
may also be extended
determine the minimum economic value of these services if resources permit.
The second stage of this sub-project deals with the estimation of the
maximum economic value individuals attach to the use of public weather
services based on welfare economics. This will be done through a telephone
survey of about 1000 sample households in New South Wales to determine the
hypothetical maximum amount of money an individual is prepared to pay to
The average amount of
receive and use basic public weather forecasts.
money indicated by an individual multiplied by the adult population (number
of individuals aged 18 or over) establishes the aggregate economic value of
public weather forecasts by the public in New South Wales.
Theoretical framework for the valuation of public consumption goods
Basic public weather information generated by the Bureau of
Meteorology by their very nature display "public good" characteristics .
Because individuals cannot be excluded from using the basic public weather
service, the marginal cost of using that information is very little or
Since the market price is virtually zero it is improper to
probably zero.
use the market price of the good to establish its economic value (Mishan,
1988) . Indirect measures are used to derive proper societal economic value
One such method is the contingent valuation technique
of these services.
The theoretical basis for
and Kling, 1988) .
Bockstael
example,
for
(see,
the determination of the economic value of a quasi-public good using
indirect methods such as contingent valuation technique is described below.
We assume that the information about the natural world (underpriced
or having public good characteristics } produced by a public sector
institution (such as the Bureau of Meteorology) is improved or better in
quality than the information that would otherwise be available to an
We also assume that cost to the individual of using the
individual.
"true" economic . value of the. improved
The
improved Jnformation is zero.
to the individual user is therefore
world
information about the natural
improved information is prepared to
the
of
user
the
tradeoff
the
to
related
make between this information and market goods and services desired by the
person.
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An
individual's
preference
for
market
goods
and
services
(X 1 • • • • • • • • X,.) and access to the improved information about the natural
world (I) can be described by an utility (satisfaction) function U =
U (X 1 • • • • • Xn, I).
Given the individual's income, Y, and market prices,
Pl" .... Pn for the n market goods and services available, the optimal
quantities of market goods and services consumed by the individual having
access to information (I) is obtained by maximising the utility function
subject to the individual's income constraint (Y).
The maximum attainable
utility, based on the consumption of the optimal quantities of goods and
services, is known as the indirect utility function and is expressed as u*
V(P 1 • • • • • Pn, Y, I), by expressing utility in terms of prices and income.
At an initial income Y1 , and an unimproved level of information about
the natural world, I 11 the indirect utility of the individual is U\ =
V(P 1 • • • • • Pn, Y11 I 1 ) •
The individual's expenditures on market goods and
services, denoted by a function, E (U, P 1 • • • • • Pn, I) is derived by the
minimisation of the expenditures on all market goods
(P 1X1 +P 2 X2 +
....... PnX,.) subject to the achievement of the utility level (U*).
At the
initial (unimproved) level of information, I 11 the initial individual's
income (Y 1 ) is fully used to purchase the n market goods and services to
achieve the utility, (U\); i.e. Y1 = E(U\, P 1 • • • • • Pn, Id.
The "true" economic value of the individual having an improved level
of information about the natural world, I 21 is the amount of income that
the individual is prepared to pay for the improved level of information
(I 2 ) such that it would leave him or her as well off as previously (as well
off as in the old situation with the unimproved level of information, i.e.
with utility level kept constant at U\) (Hicks, 1956) .
The value of the
improved information is therefore Y1 - E (U\, Pl" .... Pn, I 2 ) .
Based on this
theoretical framework, an iterative bid procedure involving a survey of a
sample of users, can be used to elicit the economic value of the improved
information service through their indication of the hypothetical maximum
amount.of money they are prepared to pay for the service.
Valuing specialised user-pay meteorological services
As discussed earlier, certain types of meteorological services are
used as inputs in the production processes of firms and organisations to
generate outputs of market goods and services.
Economic methodologies
available for the assessment of the benefits derived from these specialised
types of services include the derivation of direct benefits or losses
avoided through surveys of producers, aggregate industry production and
cost function analysis, system simulation modelling incorporating economic
optimisation, and input-output analysis to determine the secondary or
indirect economic impact on other sectors of the economy.
Social benefits derived from the use of these meteorological services
are usually difficult to value in economic terms.
They are more likely to
be expressed in non-monetary values, for example, through the use of social
indicators such as lives saved from improved tropical cyclone warnings and
the qualitative listing of intangible benefits such as the reduction of
anxiety (Mishan, 1988) .
The methodologies being used to assess the
benefits of specialised meteorological services are explained below.
The second sub-project being undertaken involves a sample survey of
150 out of a total of about 2000 users of a specialised user~pay enhanced
daily weather service provided to cotton producers of the Namoi Cotton Cooperative in New South Wales.
The survey is being undertaken to determine
the effectiveness of information these users receive from the Bureau. This
assessment is based on users' quantitative assessment of the quality of
weather information with regards to ideal attributes of information such as
timeliness, frequency, level of detail, accuracy and ease of understanding.
The survey will also be used to elicit from the users the cost savings and
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increased benefits from using the service to establish the economic value
Finally, the socio-economic characteristics of users that
of the service.
significantly influence the use and economic valuation of this weather
service will be determined. The information gathered from this survey will
assist the Bureau to improve upon this service and give considerable
benchmark data in the planning of similar services elsewhere in Australia.
The third sub-project involves the estimation of the cost and output
functions for the domestic aviation industry expanding on the work of
This will involve the establishment of a
workers such as Kirby, 1986.
relationship between the aviation industry output and cost and the accuracy
Anedoctal
of airline weather forecasts based on data from 1970 to 1993.
evidence suggests a significant relationship between the aggregate cost
(and output) of the aviation industry and the accuracy of airline weather
A plausible econometric relationship will be estimated to test
forecasts.
the hypothesis and estimate the economic value associated with increasing
the accuracy of airline weather forecasts as measured by well-defined and
The estimated marginal productivity of airline
computable skill indices.
additional value of output of the industry
the
weather forecasts reflects
generated through a unit increase in .the accuracy of forecasts.
The fourth project is the economic evaluation of the costs and
It
benefits of aviation weather services used for airline flights.
involves the development of a simulation model incorporating economic
optimisation to establish a relationship between airline costs and the
accuracy of aviation weather forecasts at Sydney's Kingsford Smith Airport.
It is being presented as a poster at this Conference by Roy Leigh.
The fifth sub-project is to assess the secondary economic impact of
the use of improved weather services by the Queensland mining sector using
The
This sub-project comprises of two stages.
input-output analysis.
first stage involves the determination of the direct avoidable losses
prevented from the use of improved weather information from the Bureau of
The second will be the estimation of the secondary economic
Meteorology.
impact of using improved weather information from the Bureau based on the
increase in planned export production due to improved weather services.
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THE VALUE OF HYDROLOGICAL DATA
Bruce J Stewart
Bureau of Meteorology, Australia
1.

INTRODUCTION

In most countries, the principal aim of hydrological data collection programs has been to provide
the basic information required for development of water resources to meet identified needs. Recent
times have seen a shift in emphasis from development to management of the resource under the guiding
principle of ecologically sustainable development. Combined with this has been a shift in economic
thinking towards a user pays and full cost recovery philosophy in the water industry. Hydrological data
are of value both in terms of the role they play in the development of a resource and their use in the
sound management of the resource under the principle of ecologically sustainable development. Studies
of the value data have concentrated on the economic benefits associated with development (storage
sizes, hydraulic structures, power generation, etc.). As a result, hydrological networks have been judged
more in terms of economic theories, than in terms of their contribution to environmental management.
The net result has been a.global decrease in basic hydrological data collection networks.
2.

BACKGROUND

With respect to the information necessary to assess the resource, major issues have included
availability of the resource, quality of the resource, ease of access, cost, operational infrastructure and
to a limited extent, environmental impact. The main needs have been domestic water supplies, water
for agricultural purposes, water for industrial purposes, including mining and other extractive industries
and in some cases navigation. Increasing development of flood plain areas has resulted in flood warning
and forecasting needs also increasing in importance. Information has been used for the design and
operation of the developed systems. However, not only has the water resource been used as a source,
but it has also been used as a convenient sink for the disposal of waste.
With the desire on the part of most countries to reduce government spending levels, the
opportunity to have the beneficiaries of these developments pay the full cost of obtaining the resource
is understandably, a strongly popular economic approach. However, the extent to which this approach
is applied to the actual monitoring and assessment of the resource is an important issue. The Institution
of Engineers, Australia (1) state: "In a society which currently places emphasis on short term economic
principles, the initial costs of data collection at times receive undue consideration while the benefits,
particularly the less well defined, are overlooked".
The WMO/UNESCO (2) report on Water Resources Assessment shows an increase in
hydrological networks globally during the period 1977 to 1987. However, between 1987 and 1989 a
general decrease occurred in the number of precipitation stations, a levelling off in the number of
discharge stations and both increases and decreases in the number of water quality stations. The last
five years has seen a significant decrease in the number of discharge stations in operation in Australia.
The Institution of Engineers, Australia (1) state: "Short term economic expediency which results in cost
cutting without detailed analysis of the impact on benefits, condemns future generations to undertake
planning and design based on guesswork and intuition rather than fact".
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This period has also seen significant changes in the principles associated with the management
of water resources. These principles have been identified and highlighted by a number of International
meetings, including the International Conference on Water and the Environment, Dublin, 1992 (3) and
the UNCED-Agenda 21 process (4) and include:
the identification of water as an economic good with an associated economic value in
all of its competing uses;
the importance of water within the principle of ecologically sustainable development;
the multi-disciplinary nature of water resources management; and
the recognition of freshwater as scarce, vulnerable resource, essential to the preservation
of all forms of life.
The net result has been increased awareness of the need to collect important information
required for the management of water .resources under the principle of ecologically sustainable
development, but a reduction in the budgets allocated to those groups charged with this responsibility;
that is, the "do more with less" approach. While many advances have been possible through new
technology and more efficient and effective <?perations, the need to collect basic information remains.
Within this paper, results from some of the more recent studies of the value of hydrological data
will be tabulated and include such information as the types of data evaluated, the uses of the data and
the methodology for evaluation. Recommendations on future funding sources for basic data collection
activities will be made and some key responsibilities associated with future data collection activities
will be identified.
3.

VALUE OF HYDROLOGICAL DATA

Given the above, it is not surprising that when faced with reduced funding and the requirement
to introduce the user pays philosophy, agencies have looked to economic evaluations of the worth of
their data to support the continuation of networks. Table I lists some examples of studies of the value
of data undertaken. This is by no means an exhaustive list and it includes both site/region/use specific
and general network assessment examples. However, the implications are clear. It can readily be
demonstrated that the collection of streamflow data is an economically beneficial exercise, particularly
in case or site-specific examples. Yet, despite this wealth of information supporting the value of data
collection, funding for basic data collection is still under threat in most countries. It must be noted
however, that none of the above analyses have evaluated the worth of hydrological data with respect
to ecologically sustainable development and in most cases the beneficiary is easily identified and thus
costs can be attributed to them.
It could be suggested that most human activity is undertaken because of either its economic or
social benefit. Therefore, if funding for hydrological data collection is ~~fill under threat, it is because
the priority associated with this data collection is lower than other priorities. However, water is the life
blood of our very existence, and as a resource it is increasingly under threat, in terms of both
availability and quality. Basic data, once collected for the development of the resource, is now essential
for the management of the resource under the principle of ecologically sustainable development. The
importance of basic data has in fact increased rather than decreased because of this shift in emphasis.
Water resource engineers and hydrologists must educate the policy and economic decision makers, and
the community at large, as to the essentiality of this basic information source.
4.

FUTURE FUNDING SOURCES FOR DATA COLLECTION

Recognising that basic hydrological data is essential for management of our valuable water
resources under the principle of ecological sustainable development, countries should, where possible,
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TABLE I
Results of studies of the -value of hydrological data
Type of
Data
Rainfall
Streamflow
Flood maps
Rainfall
Streamflow
Rainfall
Streamflow
Streamflow

Uses of
Data
Flood
Forecasting
Warning
Flood
Forecasting
Flood
Forecasting
Various

Streamflow

Water
Resource
Projects
Water
Resource
Projects
Various

Streamflow

Streamflow
Streamflow

Streamflow

Storage
Design

Methodology

B/C

Ref
i

Avoidable damage
Initial costs plus
annual costs
Annual damages
Annual costs
ResidenthJJ property
damage
Percentage of costs of
aoolication of data
Error reduction
Studies for three
different basins
Error reduction

Lowest value of benefits
attributable to data
Reduction in uncertainty
40 years data in hand
collection of a further 20
vears
Over/under design costs
Damage and delays

6.60

5

I
I

J

4.26

6

1.50
2.33
8.64

7

8

2.81
4.99
21.20
7.06

9

9.00

11

1.60

12

Small
4.40
Stream
Crossings
Streamflow
Reservoir
Opportunity loss
*
Caoacitv
Streamflow
Single-use
Opportunity loss
**
Reservoir
Economic justification for collecting hydrological data
*
** Economic justification dependant on coefficient of variation of annual flows
B/C Benefit/Cost ratio

i

10

13

14
15

continue to fund basic data collection programs from within government expenditure, in the public
interest or as a community service obligation. In turn, it is the responsibility of water resource
managers to implement, cost effective and efficient monitoring systems and develop where possible
integrated hydrological and other data collection networks which reflect the inter-disciplinary nature of
natural resources management of the future. Implicit in this is the need to provide for both community
education and participation in water resource management issues.

5.

CONCLUSION

The benefits of hydrological data in terms of development projects have been amply
demonstrated in the quoted studies. However, the fact that Governments which have funded the service
in the past are attempting to recover costs and that many of the identified beneficiaries are unwilling
to pay (indeed, some are future beneficiaries) means that hydrological data collection activities are
under pressure. The concept of the value and importance of the data must be raised in the eyes of the
beneficiaries, and while these seem to be identified more in economic terms, they are, in the main, the
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members of the general public through their consumption and/or use of water supplies and hydraulic
structures, such as bridges, levees and improved environmental management, which all impact on the
quality of life. The message, that collection of basic hydrological data is essential to water resources
management and that water resources are of a high priority, must be forcefully conveyed from these
beneficiaries to the decision and policy makers.
Water resources engineers and hydrologists must collect hydrological data in a cost effective and
integrated manner, ensuring that the data being collected meets the identified (and often changing) needs
of the user environment. They must also be able to demonstrate the importance of the information in
the management of the resource in terms of its ecological sustainability for future generations.
Governments should, where possible, continue to fund a core basic data collection network.
supplemented by externally funded operational networks, as required by the resource developers.
6.
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BENEFITS

OF HYDROMET SERVICES OF SMALL STATES-CONSTRAINTS AND POSSIBILITIES

Yadowsun Boodhoo
Mauritius Meteorological Services

1.

INTRODUCTION

More than four years have elapsed since the last Conference
on this same topic was hosted by the World Meteorological Organisation. Since then several Members have held informal meetings and debates. Some were successful in deriving the expected
benefits from the Conference.
In this paper an attempt is made
to analyse the services offered by and the possibilities that exist for,
as well as the constraints faced by National Hydrological and Meteorological Services
CNHMS)
of small states. The
method utilised here to assess the economic benefits of an NHMS
is by considering savings that could have been made had the adverse weather advisories been carefully adhered to by the different users.
2.

SERVICES OFFERED

By their very constitution established,
in the majority of
cases, decades ago, most NHMSs were required to provide, free of
charge, services to government departments,
local authorities,
the media, the agricultural, industrial and commercial interests
and the general public. These services included, inter alia, collection and distribution of meteorological observations,
provision of extreme weather forecasts, tropical cyclone warnings etc.
But with time, remarkable changes have taken place on the world
scene. These changes. such as the advent of a new world order,
rapidly mutating economies and, most important of all, the principle of commercialisation of meteorological data and products,
have provoked other sequential changes in administration and the
practices and concept of free service.
It is believed that the example of the
small Republicisland of Mauritius is a typical example of such an organisation.
The major services offered can be briefly described as follows:
Mauritius. being mainly cultivated with sugar-cane, before the
harvest season, a substantial part of the plantation has. to be
sprayed with artificial ripeners which has the function of accelerating sugar formation.
But this spraying cannot be effectively conducted if the wind speed exceeds lOkm/hr. Furthermore,
dry conditions are essential du:t·ing. and for 3 hours following,
the spraying execise. The cost involved (ripener. manpower and
aerial sprayer) is about $1500 U.S per hour.
If the weather
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at least 3 hours' expenses ($4500 U.Sl
forecast is not followed.
If the forecaster on duty is conis lost. And this does happen.
it is because of rain which has come
tacted at about 8 or 9 am,
unexpectedly . Those responsible fo~ the spraying did not bother
And if the
to obtain information prior to the spraying exercise.
at all be performed
for some reason or other,
spraying cannot.
loss due to lessened output is several fold more to the
the
agricultural sector and to the national economy in general.
spraying of herbicides and pesticides are completely
Similarly,
the Meteorologic al Service
Since some years,
weather dependent.
has become part and parcel of such sectors.
The NHMS has a well established set of cyclone procedures
and warning system tried and tested over the years. Warning 1 is
meant to simply inform the population of the formation or existence of a storm within a radius of 800 km and approaching the
island. The warnings numbers are upgraded, as the cyclone becomes
up to 4 when the first 120 km/hr gust is rea serious threat.
corded. The warnings are spread in such a way as to provide the
inagricultural .
public and the vulnerable sectors (building,
dustrial and hotel and public utilities ) ample daylight hours
emergency measures to be undertaken to minimise
to enable
Hollanda. which
during a recent tropical storm.
Yet,
damages.
struck the island in February 1994, severe damages were inflicted
power and telephone lines-- all estimated to
to infrastructur e,
Only the insurance sector had to reimabout $ 100 million U.S.
One single building
more than a quarter of this amount.
burse
firm lost about $ 1 million U.S when a huge tower-crane
"forgotten" on the building site was twisted and bent by high
winds damaging adjacent buildings.
Despite timely warnings from the NMS a fishing vessel with
30 fishermen on board ventured out in a swollen sea and capsized.
The sea claimed its toll: 14 lives were lost as well as the vessel itself. The economic loss that could have been averted cannot
be assessed in such cases as no value can be placed on a human
life.
Considering the fact that the annual budget of the NHMS is
the very avoidance of these damages and loss
only $750 000 U.S.
of the
still tree of charge,
had the advice.
of lives.
would by far justify this
Metorologica l Service been followed.
budget.
the public and the
With growing activities and facilities.
In the
different sectors are becoming more and more demanding.
weather bulletins on radio and TV specific mention are made.
of cross-winds on
of wind chill effects,
whenever applicable.
wind funell ing in intricate
()f
bridges and mountain-sid es.
pI aces. These see1n to have averted severa 1 ace idents.
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Analyses of weather elements and climatologic al data for
crop yield forecasts seem to be working with a remarkably good
accuracy.
In the past few years, sugar cane yield, based on
climate models only. have been predicted to within 90-95% accuracy.
In this connection rainfall and temperature maps have
been
widely
utilised
in the agricultural diversificati on
progra~me recently initiated jointly by the
government and the
private sector.
We are devoting considerable effort to educating fishermen,
farmers--from small ones to those in charge of agricultural
estates--,
the media and most important of all, school and college goers in the potential value of our services and of climate
data. To make this education more effective, we are in the
process of finalising the "Climate Book of Mauritius" which will
depict
in fairly good details the different climates and
microclimate s of the island .
.3.

POSSIBILITIES FOR NHMS

Over and above the usual routine weather news. NHMSs could
themselves and the various sectors to derive benefits by
providin~ the following:

help

1)
Probability forecasts of extreme events (return periods of
cyclone gusts.
torrential rain) and the onset of the dry
( for
irrigation planning) and rainy seasons.
2)
Parameters, such as comfort index,
apparant temperature,
wind-chill index etc.
for matters related to human health and
comfort.
It would be surprising to note the extent to which the
medical sector is ignorant of the prevailing weather parameters
in the different seasons and areas .
Rain- and wind-load factors for the building industry. Here
architects and designers often plan buildings without considerin~ climatic conditions.
It is probably the duty of the
meteorologic al sector to arouse consciousnes s as to the need of
judiciously integrating climate data into building designs for
the purpose of increasing human comfort and optimising on·energy
use.
.3)

also

4)
Appropriate data for the energy sector. Energy saving can be
achieved by the intelligent exploitation of renewable energy
~ources~-wind
and solar. Although these sources cannot claim to
have high contributions because of their not-too-cons tant supplies, they can safely be utilised during hours of peak demands.
5)
Data for impact assessment studies. With the problems linked
to environmenta l issues, every distortion to nature ( building of
industrial and large housing estates. siting of landfills,
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panied
destru ction of forest lands etc.) must invari ably be accom
enthe
on
have
can
ct
proje
by studie s on possib le impac ts the
vironm ent, on human comfo rt and health .
the
from
benef its
derive
which
The other secto rs
water
ort.
transp
are:
meteo rologi cal and clima tologi cal servic es
insura nce,
comme rce,
land-u se planni ng,
forest ry,
suppl ies,
touris m, and recrea tion and sports .
4.

CONSTRAINTS

As is the case with numer ous organ isatio ns and multi nation
menAs
cial.
finan
is
als the first major const raint of NHMHs
a.nd
tioned in sectio n 2 .. comm ercial isatio n of meteo rologi cal data
word
the
many.
To
t.
produ cts are very much in fashio n at presen
e of
comm ercial isation means tradin g produ cts with the purpos
uced
introd
were
fits"
derivi ng profi ts. Then "mark eting" and "bene
t
reflec
words
th~se
in the jargon of the meteo rologi st. All
cost
of
idea
the
financ ial dealin g which in its own turn convey
wer
and benef it and the r·at io. This ratio is depen dent upon manpo
er
!wheth
t
outpu
(size and qualit y of person el) and qualit y of
nato
priate
appro
meteo rologi cal and hydro logica l produ cts are
With such ideas floati ng in the
tional and user needs or not).
A few h.:tve become finanair severa l NHMSs have set the pace.
others
cially indepe ndent throug h marke ting of their produ cts,
the
around
NHMSs
the
1)f
But the bulk
are planni ng to become so.
on
ssions
impre
good
world are still strivi ng to exist and make
s.
public
and
their respe ctive govern ments . indu~tries
There is no doubt that the NHMS of Mauri tius is making sigat
nifica nt contri bution s to the advanc ement of the count ry. Yet.
alfor
nsible
respo
those
the beginn ing of every financ ial year.
g of the servic e feel
runnin
the
for
funds
ary
necess
the
ng
locati
y can
heavy at heart to do so. We are almos t told that the countr
as
ssion.
impre
t
still exist witho ut us. They may have the correc
fact.
In
ble.
invisi
in most cases the benef its gener ated are only
which
what value can we place on a weath er foreca st? And on one
is not correc t?
Small states have relati vely small clien ts and theref ore
the expen ses of the NHMS is not neces sarily
small budge ts. Yet.
in the same propo rtion since most of the equipm ents and
small
with
other essen tials in use have to be impor ted from count ries
in
ulties
diffic
Furthe rmore . there are also
high cost of living .
cal
rologi
meteo
attach ing values to differ ent types of reque st for
inform ation.
it has often been found
But even if a value is arrive d at.
by
that the poten tial user thinks twice and decid es. as eviden ced
It
.
people
cal
the past. that he can do witho ut the meteo rologi
or
crane
tower
may even be that the buildi ng firm which lost its
its vesse l or still the giant power cornthe fishin g compan y .
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pany which suffered extensiv e damage would be reluctan t.
to
devote appropr iate fees,
for the
obtentio n of detailed and
"persona l" service from the weather bureau.
Maybe governm ents should legislat e to force public utilitie s
and weather -sensitiv e private sectors to contribu te into a
fund
destined to the running of the weather service. The psycholo gy
behind this would be to create a better awarene ss among potentia l
users as to the importan ce of meteoro logical products . Even
though the best approach for a NHMS to impose itself among users
would have been through educatio n,
compell ing the latter to pay
for services make them better realise the value of the goods supplied.
It is most signific ant that a survey conducte d among TV
viewers showed that 76% of them made it a point to watch weather
news every night. Equally signific ant is that major hotels record
these same weather bulletin s for transmis sion on their internal
TV channels at appropr iate times. These facts speak highly of the
socio-ec onomic benefits of Meteoro logical Services .
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The Economic Efficiency of the Hydrometeorological Service in Mongolia
Dr. Z. Batjargal
Ministry for Nature and the Environment
c
Mongolia's continental climate is characterized by significant fluctuations in climati
phical,
geogra
r
parameters and weather phenomenon. Mongolia has very peculia
ning of
climatic and weather conditions, all of which affect in a number of ways the functio
various branches of the national economy and human activities.
while
Droughts can occur for several years in the southern Gobi areas of Mongolia
Strong snow
north.
the
of
concurrently, heavy rainfall and floods are the norm in mountains
r
weathe
ant
signific
storms in winter, dust and thunder storms in the Spring and other
phenomenon are common in Mongolia.
no more than
In a considerable part of the territory of Mongolia, the annual precipitation is
tion. The inter
200 mm. At the same time, 90% of this precipitation is lost to evapotranspira
ade. Due to
seasonal contrasts of air temperature in some places reach 80-90 degrees centigr
plants
pasture
very short vegetation periods, many cultivated, in some instances, even the
remain
water
very often cannot mature. During the greater part of the year, the soil and
restraining the
frozen, which decreases the intensity of the biological processes. Thus greatly
, all kinds of
self-cleaning effect and the process of rehabilitation of nature. For these reasons
ble
vulnera
natural and man-made ecosystems as a principle life supporting system are very
t,
efficien
and sensitive to climate and weather conditions. Therefore; for Mongolia, an
aspects of
all
in
role
ant
import
very
a
play
could
service
ogical
functioning hydrometeorol
Mongolian life.

Different Ways of Increasing the Efficiency of the Hydro-meteorological Service
A.

Efficient use of information on weather forecasting:
g
Short and middle range weather forecasting are used to provide advance warnin
It is
regarding the imminent, negative impacts of adverse meterological phenomenon.
ck
estimated that a 1% increase in the accuracy of forecasting, will reduce livesto
far
are
savings
These
lia.
Mongo
in
year
each
s
animal
losses by 100,000 head of
at the
greater than the cost of maintaining an efficient hydro-meteorological service
loss of
today's level. On average, adverse weather conditions are responsible for the
ds and
blizzar
Spring
to
lost
are
50%
which
of
year,
more than 200,0001ivestock each
these
ed
decreas
has
service
ting
forecas
r
weathe
e
sandstorms. An efficient, accurat
losses by 60 - 80% each year. Dangerous weather conditions occur not only during
the winter and spring months, but also in the summer months. For example in
k.
Mongolia, one "cold rain" storm can cause the loss of more than 20,000 of livestoc
by
losses
these
e
decreas
to
shown
been
has
ting
Accurate, reliable weather forecas
l
70%. These savings, as represented in economic terms could fund the nationa
year.
one
for
meterological telecommunication service
ic
Similar savings due to weather forecasting services are realized in other econom
the
noted
be
also
should
It
energy.
and
sectors, such as aviation, ground transport,
r
important role of weathe r forecasting in maximizing the use of favorable weathe
many
in
but
made,
been
not
have
ions
conditions. In Mongolia, economic estimat
ment
economic sectors, the return on these activities exceeds the investment govern
makes in the system.
g of
The forecast of seasonal trends are extremely important to the efficient plannin
cooling
and
heating
central
of
seasonally oriented economic activity, i.e. timing
energy
systems, agricultural harvests, and construction. A preliminary estimation of
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and construction sectors showed that this kind of estimation generates several billion
tugriks in annual savings.

B.

Effective Consider ation of Climate Conditio ns for Adaptati on
Assists people in adaptation with minimum risk and for minimizing external
environmental stress for human life. For example, the sufficient use of climate
potential for urban planning, architectural design, for maximizing use of natural light,
maximizing use of passive solar energy for heating and cooling, for the construction
of energy transmission systems.

C.

Proactive Use of Climatol ogical Potential

It is possible to transform the negative factors into positive factors. For example, the
high pressure systems over Mongolia in the winter time, bring extremely cold
temperatures and clear, sunny skies. The constant solar energy can be harnessed to
ameliorate the bitter cold temperatures. Similarly, solar energy could be harnessed in
the summer time especially in Gobi area, to power refrigeration equipment. Also
wind-caused soil erosion is a serious problem. However, wind generated electrical
power could be used to reduce the dependence of local people on the cutting of
vegetation for heating and cooking in rural areas. Economic benefits of these
activities are to be expected and should be estimated.
D.

Efficient Organiza tional Structur e of the Hydrome teorologi caJ Service.

The HMS in Mongolia ,as ,in many countries, is a conservative organization that contains
some internal potential for increasing efficiency. In order to make the hydrometeorological
system more cost-effective the following factors should be considered:
1.

Modern technological innovations now enable us to make use of a quite different
approach using micro-electronic equipment, non-contacting methods, remote sensing
technology and so on ..

2.

HMS information consumers are changing in Mongolia. The needs of our
constituency are changing, their application of weather information growing more
sophisticated. These growing needs demand a principle change in our approach to
hydrometeorological information management.

3.

A third consideration in making the HMS more cost-effective is achieving maximum
integration between different environmental monitoring systems. In this way,
Mongolia's meterological, hydro-meterological and environmental monitoring
systems would require less financial support than if they were independent programs.

In conclusion, for every one tugrik invested in the weather forecasting activities related to
agriculture, Mongolia saves at least 3 tugriks -- a 3 to 1 return on investment. For other
sectors, the return is not less than this.
In terms of assisting the Mongolian economy to adapt and modify its activities to the climatic
realties, the benefits of an efficient HMS far outweigh the costs.
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ECONOMIC BENEFITS OF METEOROLOGICAL SERVICES
TO MARINE AND OFFSHORE OPERATIONS
Hiroyoshi lshibashi
Weathernews, Inc.
1. HISTORY OF SHIP ROUTING
The history of ship routing started right after the last war with a need to reduce
in the
the cargo and hull damages during a time of active post war trading activities
Pacific and Atlantic Oceans.
A ship captain, as a 'user' of the meteorological service, gathered various
e. He
national weather service bulletins and weather charts, mostly by marine facsimil
avigating
then decided on a route which was hopefully the least time choice, while circumn
was
but
user,
heavy weather areas. At this stage the ship's captain was not only the
ely
also the one expected to gather and interpret the marine weather charts, effectiv
acting as his own marine meteorologist.
Very soon a more effective approach was proposed to reduce the marine
damage that occurred, leading to the foundation of shore-based commercial routing
er'
services. From this time on, the ship's captain has been perceived as the 'custom
who has one or more specific needs for the use of the service.
2. "CUSTOMEROLOGY''
As a customer the ship's captain has typically the following needs:a)
b)
c)
d)

Reduce hull and cargo damage
Earliest arrival
Minimum fuel routing
Crew comfort

Today the ship routing service has been integrated as part of the operational
terms of
management of a shipping company. As such, each ship is carefully reviewed in
ments'
'present cargo nature', 'hull conditions', 'captain's experience', 'consignees' require
will
vessel
the
ns
and so forth - over and above the winds, sea and swell conditio
experience over the next few weeks.
From the service provider viewpoint, the service receiver now becomes one or
more of the following:-

The master mariner himself
Head Office Operations Group
Insurance Section
Senior Management
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The present ship routing service can only be justified if it satisfies all their needs,
i.e. not
only demonstrate a mastery of marine meteorology, but also "customerology"
understanding the needs of the customers. lt is the customer who after pays
for the
service.
3. QUANTIFICATION OF ECONOMIC BENEFIT
While a) and d) above are not so easy to quantify, the economic benefit of b) and
c) calculation is rather straight~forward as below:
1) benefit from earliest arrival
B

=

C x X (hours )/24 (hours ) - F
B =benef it
C = daily charter (daily hire cost of ship)
X = time saving accomplished by routing
F = service fee

* Note:

For ocean-going vessels, C typically range from US$5,000 to
US$25,000 per day. For Pacific ocean service, F is around
US$900.

2) benefit from fuel saving
B

=

C1,2

x X (hours )/24 (hours ) x P1,2 - F

B =benef it
C1 = F.O. daily consumption
C2 = 0.0. daily consumption
P1 = F.O. Price (US$/ton)
P2 = D.O. Price (US$/ton)
* Note:

For oil, the daily consumption is approximately C oil 25 - 80
(tons/day), C oil 0.1 - 2.5 (tons/day), and the price is currently
about US$1 00 for C oil and US$200 for diesel oil.

4. CUSTOMER'S BENEFIT OF THE DOUBT
There are a number of ways to deal with above theme; the following examples
of
comparative analysis will give a good estimation of time saving due to added routing
service from onshore;
(A)
(B)
(C)
(D)
(E)

captain's route vs. recommended (see Figure 1)
captain's intended route vs. recommended
routed vessel vs. unrouted vessel
routed route vs. great circle route
routed route vs. pilot chart route

-
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5. EVPI AND REALISTIC EVALUATION OF BENEFIT
Some customers have been conditioned to shy away from using ship routing
services because the forecast may have 'busted' once and therefore one cannot trust
such services. Interestingly enough, such decision makers depend on their instincts, and
their instincts in many cases "to do nothing". The overall loss of economic benefit due
to this 'do-nothing' approach is not insignificant. We therefore need to move a step
further to convince the 'customers' (this will not happen if you concentrate on the 'user'
only) to benefit from the correct use of marine meteorological services.
In order to overcome this 'do nothing' syndromes, we can introduce the Expected
Value of Perfect Information (EVPI) method.
1 ) We try and obtain agreement between the service provider and the service
receiver on the goals to be achieved.
Example:

Earliest arrival with least damage or a minimum fuel consumption
route

2) We then ask what one would do if the weather forecast were 100% accurate.
This forced assumption is very helpful in establishing a clear decision-making
model.
3) We then bring in an applied meteorologist who is well versed in that particular
field to act as a Risk Communicator (RC) with the customer, interpreting the
level of meteorological uncertainty and refining the level of risk the customer
can accept for certain specific operations.
The EVPI approach will then force the particular case into a more generalized flow
of a decision making process, letting the meteorological part take its proper place in
coming to grips with the real world.
The time has come therefore for meteorologists and customers alike to analyze
their own business in respect of the uncertainty of the weather, building a model which
the RC can assist in better balancing of resources and risk management of the business.
Needless to say this is a joint effort between the customer and the meteorologist and
the present writer has observed a tendency for the customer to under-estimate, and
the meteorologist to over-estimate, the value of economic benefit of meteorological
services.
Only a realistic approach can help narrowing the gap and a joint model building
approach based on EVPI method is recommended. We now have an applied
meteorologist (an RC) whose job is to link the science of weather and the detailed
knowledge of the customer's business. We need to serve the customer better with this
combination of Meteorology and "Customerology', a new dimension in the relationship of
the meteorologist with his customers.
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ECONOMIC AND SOCIAL BENEFITS OF METEOROLOGICAL AND HYDROLOGICAL
SERVICES TO THE WATER SECTOR
Professor M Paul Mosley
Victoria University of Wellington
Wellington, New Zealand
INTRODUCTION
and
This paper will not review the nature of the economic and social benefits provided by Meteorological
the
consider
will
it
Instead,
e.
Hydrological Services; that is done by many other papers in this Conferenc
species
as
such
implications of managing water to achieve objectives umelated to economic activity,
preservation. Many countries have legislation which sets an environmental or ecological framework within which
water may be managed for economic benefit. When decisions are made which are not intended to maximise
economic benefits, valuation of the information required, and the organisations which provide it, is markedly
altered.
WHAT IS INFORMATION?
are
Information may be said to be the "antidote" to uncertainty, or the "raw material from which decisions
the
of
terms
in
measured
be
may
it,
made" (Mosley, 1993). Its value, and that of the services which provide
increased confidence which a decision-maker has that a decision is correct, or at least is the best of the options
available.
in
The utility of information is defined in terms of attributes which are not easily quantified or expressed
nsiveness,
comprehe
clarity,
,
timeliness
monetary terms. They include accessibility, accuracy, appropriateness,
of
flexibility, verifiability, and freedom from bias. These are defined from the perspective of the user
.
confidence
increased
information. In some circumstances, a monetary value may be placed on the benefit of
and
This is particularly the case where resource management involves a structure such as a dam, whose size
cost are sensitive to an attribute of the environment, such as the maximum probable flood in a river. Examples
are reviewed by Stewart (1994).
THE MONETARY AND NON-MONETARY VALUE OF INFORMATION
n,
Information is increasingly seen as a commodity, which can be bought sold, traded, or withheld (Braunstei
Indeed,
climate.
and
weather,
resources,
water
1983). This is the specific case, too, with information about
more
natural resources such as water and even the atmosphere itself (or the right to pollute them) are more and
viewed as commodities, subject to allocation using market mechanisms.
s
Not all cultures accept this view, either of natural resources or of information about them. Many indigenou
these
about
e
knowledg
consider
and
ies,
commodit
peoples have no concept of natural resources as tradable
a
resources as an asset which belongs to all. For example, New Zealand's original settlers, the Maori, have
their
treat
similarly
They
tradition of holding natural resources in common, within their tribal groupings.
traditional knowledge as a taonga, a treasure which belongs to the tribe and is cared for by the tribal elders.
ly
They share and exchange knowledge in conformance with stringent rules, but have become increasing
reluctant to make it available to those out<;ide their grouping, because of what they see as misuse for personal
gain.
In the water sector, the products of Meteorological and Hydrological Services (M&HSs) commonly are applied
realto (1) the design of water sector infrastructure, such as flood control facilities or water supply systems; (2)
time operation of water projects; (3) assessing the impacts of water resource management, and planning sound
ted
management and mitigation strategies; (4) providing security for people and property against water-rela
relation
in
actions,
nt
manageme
water
of
hazards, particularly tloods and droughts; (5) providing a legal record
the
to permits for water abstraction or effluent disposal. In all cases, uncertainty and risk are reduced by
.
availability of more information, and decisions are improved, or made with greater confidence
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As more and more countries restructure their economies on competitive market lines, many M&HSs
have sought
to justify their work in monetary terms. There is an extensive literature on benefit-cost
analyses of hydrometeorological information products, in most sectors of the modern economy. In the
water sector, this
approach is implicitly predicated on the assumption that water itself is an economic good,
as averred by the
fourth principle of the Dublin Statement (ICWE, 1992):
Water has an economic value in all its competing uses, and should be recognised as an economi
c
good.

The principle is amplified in the statement as follows:
Within this principle, it is vital to recognise first the basic right of all human beings to have
access
to clean water and sanitation at an affordable price. Past failure to recognise the economi
c value
of water has led to wasteful and environmentally damaging use of the resource. Managin
g water
as an economic good is an important way of achieving efficient and equitable use,
and of
encouraging conservation and protection of water resources.
This principle focuses attention on human uses of water in the context of the modern economy
- for water
supply and sanitation services, irrigated agriculture, power generation - within the
context of resource
conservation.
If water is an "economic good" which can be allocated to that competing use which
has greatest value to

society, then the information required to make relevant and optimal decisions about it also
must have value.
It certainly has a cost. However, our ability to specify the value of information about water
is limited, when
the values of the competing uses cannot be expressed in terms of monetary value. The first
principle of the
Dublin Statement points to this limitation:
Fresh water is a .finite and vulnerable resource, essential to sustain life, development,
and the
environment.

Increasingly, decisions about the allocation (use, or non-use) of water are made on cultural,
aesthetic, scientific,
and other grounds, in addition to those related to economic activity. Their values may
not be readily or
appropriately expressed in monetary terms. And, if water is managed to achieve some objective
other than to
maximise economic efficiency (eg to conserve an endangered species), economic analysis
of the value of
information is inappropriate - information is bound to have a monetary value less than if
water is managed
ef11ciently.
In Sri Lanka, for example, water in the Dry Zone has a value for irrigated agriculture which
could be expressed
(simplistically) in terms of the monetary value of the extra crops produced. The value for the
"competing use"
of providing drinking water to the country's dwindling population of wild elephants cannot,
however, be
expressed in similar terms (not even in terms of the value of expenditure by nature tourists).
As a matter of
fact, even the value of irrigated agriculture goes far beyond the mere monetary value of
extra crops. In Sri
Lanka, rice farming has a cultural value - a prestige - through its significance for nationhood,
a social value in
terms of maintaining rural communities, and a political value in terms of maintaining a
sense of stability in
a very unstable political environment. Rice is, in any case, a subsistence crop, outside the
market economy,
as well as one which is traded. Decisions about whether to allocate water to irrigated agricultu
re, or to leave
it in a river to provide drinking water for wildlife, cannot be made on a monetary basis.
If the value of the
decision cannot be expressed in monetary terms, then it is difficult to see how the value
of the information
required to make the decision can be so expressed. Its value is principally in terms of enabling
the public,
politicians, and officials to be fully informed before making decisions through the political
process.
A very similar example of the non-monetary value of information about water is provided
by the decision to
limit abstraction of water from the Rakaia River, New Zealand. Irrigation interests wished
to draw water from
the river; conservation and recreational interests wished to retain flows, to safeguard fish migration
, recreational
boating, and an endangered species of bird, the wrybill plover, which nests on the river's extensive
gravel bed.
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recreational use (by analysis of willingness-to-pay, expenditure on travel and recreational equipment, etc). But
the value of increased farming activity to rural communities (the vitality of rural schools, for instance), or of
preservation of the endangered wry bill plover, could not be estimated on the same terms. The process of
decision-making was very sophisticated, using a judicial Tribunal established to decide on a formal application
by conservation interests to place a National Water Conservation Order on the river. The process made
intensive use of information on hydrology, agricultural production, scenic quality, and many other matters. It
was costly, and its outcome was that an Order was granted which effectively eliminated the Rakaia River as
a source of irrigation water. The mass of hydrological information which was compiled and analysed had an
unknowable influence on the final outcome. While its cost could have been estimated, its monetary value could
not - since the decision was against irrigation development, the value might be seen as negative!
Current efforts to demonstrate monetary justit1cation for the activities of M&HSs are undeniably desirable.
They must, however, be tempered by a recognition that water does not always have a value which can be
expressed in monetary terms. To say that water is an economic good means that it may be available in limited
quantities, and therefore may be subject to considerations of scarcity, competition, supply and demand.
However, water is not necessarily a private good (one which can be uniquely owned). Water and some of the
uses (and non-uses) to which it is put may in many circumstances be treated by society as a common property
resource, owned in common, and having many attributes of merit goods or public goods, Under such
circumstances, the outcomes of decisions about water management have social and cultural value, but they are
not readily or appropriately expressed in terms of money. The same applies to the information on which those
decisions are based.
A number of other caveats may be made about a "market" approach to information. The danger of market
failure is very high, for several reasons: the "investment good" nature of hydrological information; the fact that
its value may appreciate with time; the unknown nature of future uses; violation of the assumptions of the
competitive market model (eg lack of competition due to barriers to entry and exit to the information market).
The market may ensure that information needed to support economic activity is acquired; however, the quantity
of information available for public good purposes such as education and environmental protection, may decline.
WHAT IS THE RIGHT AMOUNT OF INFORMATION?
Where the value of water, the uses to which it is to be put, and the management decisions involved can be
expressed in monetary terms, the expenditure that can be justified to provide the "right" amount of information
can in principle be estimated. Many benetit-cost studies (usually after-the-fact) of the value of hydrological
and meteorological information have indicated benefit-cost ratios of 5:1, 10:1 and higher -the value of the
information greatly exceeds its cost.
However, where water is managed for purposes other than or in addition to economic activity, this approach
is of limited applicability. New Zealand, a country which has comprehensively restructured its public sector
and economy on "market" lines during the last decade, has developed mechanisms which complement valuation
in simple monetary terms.
Information for scientit1c purposes
A large proportion of hydrological and meteorological information is now acquired and archived for scientific
purposes, under contract to the NZ government's Foundation for Research Science and Technology. Because
there is an emphasis on applied and strategic research, the information and knowledge will eventually be used
for resource management purposes. The amount of such information to be acquired is decided on the basis of
a consultative, three-stage process. In the first stage, a Science & Technology Expert Panel (STEP) used a
series of hearings and evaluation of written submissions to develop recommendations to the government for
overall priorities for the Public Good Science Fund (PGSF) during the period 1993-8. This stage is about to
be repeated, to provide recommendations for 1998 onwards. In the second stage, a Research Strategy for each
"Output Area" in the PGSF was developed by a single expert, again on the basis of extensive consultation and
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over the five year period. In
the third stage, which is carried out annually, proposals submitted to the FRST
are evaluated by six peer
reviewers and by a sector committee of experts. Their recommendations have
a significant bearing on whether
proposals are accepted for funding.
Hydrological and meteorological information and research is therefore competi
ng with other areas of science
for funding, but (within the limits of available funds) decisions on the resource
s committed are made on the
basis of expert assessment, on a qualitative basis. Organisations submitting proposa
ls carry out careful analyses
of their bids, to ensure that they are offering value for money, but these analyses
are based on expert judgement
and projection of future scientific needs (although techniques such as NAUGL
S have been used as input).
Information for operational purposes
The Resource Management Act 1991 (Section 35) places extensive requirements
on local authorities in New
Zealand "to gather information, monitor, and keep records" relating to water and
other natural resources. The
amount of information is not specified; this is left to the authorities to decide.
Under the terms of the Local
Government Act, local authorities are required to operate in a business-like
way, with their strategic plans,
annual plans, budgets, annual and financial reports etc open to public and minister
ial scrutiny. There is a strong
emphasis on "transparency", accountability, and public participation in decision
making, to ensure that they
efficiently carry out their responsibilities. In practice, decisions on such matters
as how much hydrological
information is required to support water resource management are made
largely on the basis of expert
judgement, exercised within the terms of the annual planning and budgetting
process.
It is certainly the case that t1nancial resources are limited and that there
is competition within each authority

for funds for activities such as hydrological monitoring. Nevertheless, allocatio
n of funds based on monetary
costs and benefits has not been found to be particularly helpful, because of the
significant public good element
of water management in New Zealand. TI1e purpose of the Resource Manage
ment Act, which largely guides
water resource management practice, is to promote the sustainable manage
ment of natural and physical
resources. The matters to be considered by persons exercising functions under
the Act include, for example,
the preservation of the natural character of the coastal environment, wetlands,
and lakes and rivers and their
margins, and the protection of them .from inappropriate subdivision, use, and develop
ment. In this context, the
benefits of hydrological and meterological information are not wholly measura
ble in monetary terms. Even
where the costs and benefits of, for example, taking water from a river for irrigatio
n can be defined, the social
and cultural costs and benet1ts cannot.
A particularly important matter to be considered under the Act is the relation
ship of Maori and their culture
and traditions with their ancestral lands, water, sites, waahi tapu, and other
taonga. This places in law the
requirement to consider cultural and social matters, and is being taken very seriousl
y. for example, the transbasin diversion of water from the Whanganui River for power generation in the
Tongariro Power Scheme has
been terminated, in deference to the claims of the Maori living along the Whanga
nui. The process of reviewing
the resource consents required for the diversion was extremely dependent on hydrolo
gical information, although
other information, and particularly the presentation of Maori and conservationist
views to the Tribunal, were
more persuasive. In any event, the monetary value of hydrological information
was irrelevant.
Response to the 1992 drought
A prolonged drought in 1992 brought New Zealand close to electricity blackouts,
as hydro-electricity reservoirs
fell to low levels. A thorough review of the event by a government-appointed
committee considered, among
other things, the availability and reliability of the hydrological, climatological
and meteorological information
available, and whether it was sufficient for good decision-making. The event
provides an excellent example
of a number of conflicting points. On the one hand, the potential costs of electrici
ty system failure are so great
that virtually any expenditure on information could be justified. On the other, the
natural system is so complex
and unpredictable that no amount of information is sufficient to guarantee correct
decisions. (A finding of the
committee was that the best indicator of future inflows is the average of past
inflows). The response of the
Electricity Corporation has been to establish a Climate Advisory Group, consisti
ng of eight scientists whose role

- 82 is to provide expert advice. This group brings together accumulated experience to supplement historical
information, current data, and forecast<;, to reduce the risk that a future event will have the same impact.
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It is unnecessary to demonstrate in this paper that hydrological and meteorological information has value
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cost analyses. It is important to remember, however, that water has value other than as a factor in economic
activity, and may be managed to achieve goals which do not maximise economic efficiency, such as wildlife
the
conservation. As a result, attempts to demonstrate the value of information in monetary terms may miss
point, and grossly underestimate the value.
d
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that other means exist to make decisions about the allocation of scarce
rather
such. Another very powerful mechanism is the "expert system", which may consist of human experts,
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than a computer. Examples from New Zealand- where market mechanisms have been introduced
of the economy and government in recent years - indicate that panels of experts, judicial tribunals, and similar
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approaches based on human wisdom are heavily used to make decisions on water management, and
nature of the information/knowledge base required to support them.
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This reflects New Zealand's emphasis on public participation and consultation, the nation's growing commitme
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Set against these are the small benefits likely to be achieved in terms of optimising the cost of informatio
.
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provision, if indeed that is possible when water is commonly not managed to achieve economic
water
Expert judgement is evidently regarded as a valid contributor to the design of information systems in the
sector.
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ECONOMIC BENEFITS OF METEOROLOGICAL SERVICES TO AVIATION
Charles H. Sprinkle
Chief, Aviation Service s Branch
Nationa l Weather Service

u.s.A.

1.

INTRODUCTION

1.1
No other industry is more sensitiv e to the weather
than the aviation industry . Aeronau tical meteoro logical services
contribu te to the safety and efficien cy of one of the world's
major transpo rtation systems. The safe and efficien t air
transpo rt of passeng ers and freight is highly depende nt upon
global aeronau tical meteoro logical informa tion.
1.2
There are strong incentiv es, both economic and social,
to improve aeronau tical meteoro logical service s. However , the
value of this service is difficu lt to quantify .
2.

THE AVIATION INDUSTRY

2.1
To appreci ate the scope of weather impacts on the
industry , one must conside r the role of aviation in society and
in national and global economi cs. Because of its size and
technolo gical infrastr ucture, the United States relies on
aviation as a principa l means of transpo rtation.
2.1.1
Domestic and internat ional passeng ers totaled over 473
million in 1992. This is expected to climb to 738 million by the
year 2004. Departu res totaled 6.9 million in 1992, and is
expected to increase to 8.1 million by 2004. The number of jet
aircraf t operated by u.s. commerc ial carriers totaled 4,265 in
1992~ and is forecast to increase to 5,747 in 2004.
Total
airline revenues were nearly $60 billion in 1992. If all
aviation -suppor t and service industri es are conside red, the grand
total of industry revenues approach es $240 billion .
2.2
General aviation and smaller commute r airlines are also
importan t to the .economi c base and transpo rtation needs of the
United States.
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Of the nearly 218 thousand aircraft in the United
2.2.1
states, 212 thousand are in the general aviation class (50 times
the number of commercia l aircraft) . The number of licensed,
active pilots is nearly 683 thousand - about 13 times the number
of commercia l airline pilots.
3.

ECONOMIC, EFFICIENCY AND SAFETY IMPACTS

3.1

Air Traffic Control Delays

The United States Federal Aviation Administr ation
3.1.1
stated (1992) that 80 percent of all delays greater than 15
minutes are caused by weather, resulting in an economic loss of
$1 billion u.s. per year.
One of the major goals of national meteorolo gical
3.1.2
services is to provide weather informatio n that can be used by
aircraft operators and by the air traffic control system to
provide efficient aircraft operation s. As stated earlier, the
value of this service is difficult to quantify. While more
accurate forecasts should provide for more efficient operation s,
some weather events, however accurately forecast, will disrupt
operation s.
3.2

Low Ceilings and Poor Visibilit ies

Condition s of low ceilings and visibilit ies hamper
3.2.1
operation s at busy aerodrome s. For example, at some major hub
aerodrome s when the ceiling drops to around 300 meters and the
visibility lowers to 4800 meters, the maximum arrival capacity of
114 aircraft per hour is reduced to approxima tely 85. A further
lowering of condition s to 90 meters and less than 4800 meters
reduces capacity to about 65 aircraft per hour. This can result
in some airborne and ground delays throughou t the system. A
continued deteriora tion of condition s can ultimately stop all
operation s at the airport and subsequen tly suspend aircraft
releases to that airport from facilities around the country.
When condition s are accurately forecast, some
3.2.2
adjustmen ts can be made to ease the disruption . However, the
impact of an inaccurate forecast is to throw the entire air
traffic system into chaos whereby it begins to take on the
character of a falling line of domino pieces and pushes the
system towards operation al gridlock.
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3.2.3
Adve rse weath er or the forec ast of adver se weath er
cause s airli ne mana gers to incre ase the amoun t of time
a fligh t
will be able to hold inbou nd to its desti natio n and to
selec
t
possi ble alter nate aerod romes for the ultim ate desti natio
n.
Carry ing addit ional fuel to enabl e the fligh t to hold
or dive rt
to an alter nate airpo rt costs money . Carry ing fuel is
the same
as carry ing passe ngers or cargo - more energ y has to
be expen ded
to carry more weigh t.
3.2.3 .1
Unex pecte d poor opera ting cond ition s at some arriv al
times can resul t in avera ge airbo rne delay s of 20-40
minu tes per
aircr aft. If the forec ast remai ns persi stent ly inacc
urate
throu ghou t the day, delay s incre ase, possi bly to as much
as 3000
to 5000 minu tes for all aircr aft inbou nd for the aerod
rome.
At
an avera ge cost of $70 per minut e to opera te an aircr
aft, these
delay s trans late into as much as $350, 000 U.S. in addit
opera ting costs in the cours e of the day. A signi ficanional
of this can be attrib uted to optim istic plann ing based t porti on
upon an
inacc urate forec ast.
3.3

Winds And Temp eratur es Aloft

3.3.1
Acco rding to the Air Trans port Asso ciatio n of Amer ica,
Unite d State s airlin es used an estim ated 15.8 billio n
fuel in the 12 month s endin g Septe mber 30, 1992. If gallo ns of
it
possi ble to save only 1 minut e of fligh t time each hour were
throu gh
impro ved forec astin g and use of upper winds and temp eratu
infor matio n, a savin gs of $150 milli on dolla rs u.s. per re
could be reali zed by the Unite d State s comm ercial carri year
ers alone .
3.4

Airc raft Accid ents

3.4.1
Impro ved aeron autic al mete orolo gical servi ces
reduc e the occur rence of accid ents relat ed to weath er. migh t
Appro ximat ely one-t hird of all accid ents are weath er
relat ed
while fully 40 perce nt of fatal aircr aft accid ents have
weath er
as a causa l facto r. on a 5-yea r avera ge, one-q uarte r
of
air
carri er fatal accid ents are weath er relat ed.
4.

CONCLUSIONS

4.1
The aviat ion indus try is expec ted to conti nue to grow.
Devel oping coun tries are relyi ng incre asing ly on air
trave l as a
princ ipal mode of opera tion. As inter natio nal trade
incre ases,
so does the amoun t of inter natio nal trave l. This expec
conti nuati on is refle cted in impro vemen ts in the aviat ted growt h
ion
indu stry's infra struc ture in the form of airpo rt term
inals ,
runwa ys, comm unica tions, and air traff ic contr ol syste
ms.
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In addition to new airport construct ion, the dynamic
4.2
growth of aviation mandates more efficient and more effective use
of the air space and existing airport facilitie s.
The economic value of accurate and timely
4.3
meteorolo gical forecasts to the aviation community is extremely
hard to quantify. While more accurate forecasts should provide
for more efficient operation s, some weather events, however
accurately forecast, will disrupt operation s.
New technolog ies and the emerging World Area Forecast
4.4
system (WAFS) and national enhanceme nts to WAFS products makes
the delivery of more accurate and timely aeronauti cal informatio n
a near-term reality.
It is not unreasona ble to expect those that benefit
4.5
directly from these improveme nts to provide an investmen t in the
system.
5.

REFERENCES
Air Transport Associatio n of America, 1993:
Benefits of Air Transport ation
Federal Aviation Administr ation, 1992:
Capacity Plan

The Economic

Aviation System

Henderson , Steve, 1993: The Effects of Weather on Delays in
the National Airspace system, Am. Meteo. Soc. Fifth
Internatio nal Conferenc e on Aviation Weather Systems
National Research Council, 1994: Toward a New National
Weather Service, Weather For Those Who Fly
Ott, James R. and Ladd, Judson W., 1994: Impact of Weather
on Flight Operation s at a Major Airport, NOAA Technical
Memorandum NWS SR-154
Robinson, Peter T., 1989: The Influence of Weather on
Flight Operation s at the Atlanta Hartsfield
Internatio nal Airport, Bul. of the Am. Meteor. Soc.,
December 1989
Sprinkle, Charles H., 1989: Impact of Severe Weather on
Aviation, An NWS Perspectiv e, AIAA 27th Aerospace Sciences
Meeting, Reno, Nevada
Sprinkle, Charles H., 1984: Weather and Aviation Safety,
Virginia Aviation Weather Seminar, Averett College,
Danville, Virginia

- 87 -

Forecast ing for tourism and leisure
'Harry A.F.M. Otten
Introduction
People who are normally not interested in the weather, let alone the weatherforecast,
become avid weather-enthusiasts when their holidays are due. Will it rain or shine, should I
go somewhere else in order to avoid bad weather or great heat?
A reliable weatherforecast is indispensable in these occasions and of good value to the
traveller. Most people however, do not want to pay the tariffs that National Weather
Services and the private sector charge for detailed personalized forecasts. Therefore.
services providing weather-information for many purposes at low cost are growing more
popular every day.
In this presentation the backgrounds of some of these services are explained. In the first
paragraph the techniques are explained to produce forecasts automatically for a great
number of stations. The second paragraph gives some explanations on the telephone
techniques used, whereas the third paragraph focuses on the marketing of the services.
1. Automatic forecasting systems
lt is well-known that meteorological surface parameters such as temperature, precipitation
amount and cloud cover are in general not well forecasted by numerical weather prediction
models, such as the ECMWF model. When a forecast must be made for a particular
location, the meteorologist is the interpreter of the model forecast, i.e. he derives the actual
forecast from the model forecast using his "model experience" and knowledge about the
location. However, when daily forecasts must be made for hundreds of locations over the
entire globe it is clear that this is an impossible job for a meteorologist.
In order to obtain realistic forecasts of meteorological surface parameters for so many
locations, the model output must be processed by other programs. In the past two
techniques of processing the model output have been proposed: (1) the Perfect Prognostic
(PP) technique and (2) the Model Output Statistics (MOS) technique. The PP technique
looks for a statistical link between observed upper air parameters (e.g. height of the 500
hPa level, temperature of the 850 hPa level etc.) and the observed surface parameters to
be forecasted. In the operational situation forecasted upper air parameters from the model
are used to compute the surface parameters. Note that here the final forecast is only
determined by the values of the model parameters (i.e. independent of the forecast
period). The MOS technique looks for links between forecasted model parameters and
observed surface parameters. In the operational situation the same model parameters as
used for determination of the links are used to make the forecast. Here, the increasing
uncertainty of the model with increasing forecast period is part of the derived link.
Meteo Consult uses a MOS scheme to post-process the model output of the ECMWF
model. At this moment daily forecasts are produced of temperature, precipitation amount,
sunshine duration and wind speeds for about 1500 location over the whole globe. To
determine the statistical links between surface observations and model parameters, a
multiple linear regression scheme was used. The input to this scheme consisted for 500
cities of 5 years of observations and for the other cities of 2.5 years of observations and of
interpolated model forecasts (e.g. for temperature at 2 metres, thickness of the layer
between 1000 and 500 hP a, wind speeds at several levels, wet bulb potential temperature
at 850 hPa etc.) for all cities.
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2. Dissemination of forecasts by telephone
In most European countries premium rate telephone services provide
the way to bring
forecast such as described in par. 1 to the public. An audiotex compu
ter can generally
serve more than 100 calls at the same time. When the computer is
called the caller is
guided through a menu to the destination he wants to obtain the weathe
r information from.
In many situations direct codes help to shorten the search process
and the connection
time. In countries such as The Netherlands and France the telephone
system allows the·
use of the touchstones to choose. On most German telephone this
is not possible and
voice recognition is applied.
In the audiotex computer concatenated voice is used to compose the forecas
t for a specific
location. Some thousands spoken files consisting of one or more words
are produced in a
studio and labelled. E.g. 100 files are made for maximumtemperatures
ranging from -45 to
55 degrees Celsius. Taking more combinations together provides a
smoother message
and at certain points the listener can hardly hear that the message
is composed by a
computer.
At Meteo Consult files for the actual observation and the forecast are
coded in a similar
way as synoptic messages. Normally this is done every three hours and
then transmitted
by modem to the technical partner that provides the audiotex facilities.
In this process the
forecast is controlled to match at least the current observation and the
forecast is adapted,
if necessary.
Transmission of observations and forecasts normally takes appr. 1 minute
.
As of now· Meteo Consult, and companies associated with Meteo Consul
t, produce these
types of forecasts in The Netherlands, Germany and Switzerland.
Premium rate telephone services give the possibility to earn money
from the services
provided. The caller pays an additional amount to the normal phone charge
to pay for the
service. Telecom companies pay the service provider according to the
surcharge. In The
Netherlands a whole range of tariffs can be used. In table 1 an overvie
w is given of the
. costs to the caller and the pay-out to the service provider.
tariff per minute
23,5 c

pay-out to service
provider

..

Oc

30c

7c

40c

16c

50c

25c

75c

..

47,5

~"

100c
hA.pay

70c
-

-

--

---

.

l>

-

- --

·--

--

of 17,5% VAT.

In Germany the caller pays 1,15 DM/min, the service provider gets
0,50 OM exclusive
VAT. Similar tariffs are valid in other countries.
A lobby in The Netherlands is on the way to have the possibility to charge
-higher tariffs in
order to get a be Her pay-out for very specialized services.
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3. Marketing of services
Producing forecasts of high quality is not merely enough to draw the attention of a large
audience. Marketing of services is of the essence. The marketing for a broad public tends
to be very expensive, so a good way to reduce costs is to find a partner that has already
access to a large market. By providing the marketing partner with a percentage of the
income they can take on advertising in the media they are active in.
Meteo Consult works together with television companies where teletext is an excellent
medium to promote services, newspapers, tourist organizations and others. MC's own
maiketing is done through various msdia and the printing of booklets with information
about the services available and direct access codes for the world weather.
lt is estimated that the Dutch public spends well over 5 million guilders a year on telephone weatherservices. lt can be expected that the National Institute, having the greatest
part of the market, will swift to higher tariffs in the near future. Spending of the Dutch
public alone on telephone weather information will then easily rise to 10 million guilders a
year, with a growing percentage for the service provider. lt is evident that this market is
very interesting for National Weather Services and the private sector and that stiff
competition will take place to get the best parts of these markets.

r •. •·
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ECON OMIC BENEF ITS OF CLIMA TE FOREC ASTS TO POWE
R UTILIT IES
IN THE UNITE D STATE S

Stanley A. Chang non
University ofiiiin ois
Urbana, Illinois

1.

INTRO DUCT ION

Major fluctuations in the climate during the past decade have demon
strated to many decision
maker s in weather-sensitive sector s that climate variability has signifi
cant economic impacts. In
response, the potential for effective use of climate forecast inform
ation, as an econo mic tool to
improve decision making, has become an important issue. Before the
true potential for econom ic gain
can be realized, it is essential that a better understanding be developed
of the needs of users of climate
forecast information.
This project assessed the uses, needs, and values of climate forecasts
in electric utilities in the
central US. The objectives were to determine existing uses and their
values, what chang es could be
made to enhance usage, to estimate the value of improved climate foreca
sts, and to define which task
areas benefited from forecasts. The goals were to ascertain what produc
ers and providers of climate
forecasts in the govern ment and private sector could do to improve
usage of climate forecasts, and
how utilities could wisely employ climate forecasts in their decisions.
2.

DATA

Data gather ing involved a previously-developed method based on
structu red interviews
conducted with 56 executives in six utilities, an average of nine per
firm. The service areas of the
utilities sampled covered large parts often states in the central U.S.
A utility-oriented questionnaire
was developed and pre-tested on a set of individuals before completillg
the final questionnaire. Those
interviewed in most of the utilities included the staff in charge of load
forecasting, fuel acquisition,
power trading, system planning, system operations and maintenance,
engineering design, and
environmental affairs.
The six firms varied somew hat in size, sources of coal supplies,
and in extent of power
trading , but these differences produc ed only slight differences in respon
ses, and mainly about the
value of climate forecasts. The firms often generating surplus power
and/or highly active power
trading activities saw greate r value in using forecasts than did firms
with less trading potential. Ongoing changes in the utility industry, due largely to various major shifts
in govern ment regulations,
collectively make the industry much more competitive than in prior years.
This situation create s more
pressu re for efficient operations and use of information to gain econom
ic advantages, creatin g an
environmenLwherein climate forecasts can become effectively used,
if they contain the information
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needed by utility decision makers.

3.

CURRENTU SE

Existing use of climate forecasts is minimal. Only three of the 56 inspect the 30- and 90-day
outlooks as received from a private vendor whose major mission is to provide hourly and daily
weather information. These users considered the forecasts to have little direct value since they
obtained only a text-type generalized presentation having very little area-specific information with few
applications to their responsibilities. None of the 56 sampled had ever seen the detailed information
contained in the National Weather Service outlooks. When this information was expiained to the 56
interviewed, 44 indicated the forecasts would be useful in their decisions given that several major
changes were made in the format ofthe forecast and with additions to the content of the forecasts.

4.

POTENTIAL USES AND VALUE OF FORECASTS

The assessment of potential users of climate forecasts revealed the primary users, based on
frequency of usage and assigned value of usage, were in four task areas: load forecasting, fuel
acquisition, power trading, and system planning. Decision makers having responsibilities in those
four areas estimated the value of forecast usage as greater than $1 00,000 per year in their individual
task areas, and several power traders saw the value of usage in excess of$1 million annually. Other
users of climate forecasts in the utilities saw applications on an occasional basis, and with lesser value·
assigned. In this category were those involved in system operations and maintenance, environmenta l
matters, accounting and customer relations, and facility design.
Most utility staff sampled were comfortable with the probability-based forecasts of above,
near, and below normal conditions, but they all sought different formats (tabular and cartographic)
with several types of additional data. One form was defined as "climatic profiles" displaying various
other critical weather conditions associated with each forecasted outcome. For example, in winter,
they want to have included (for each outcome of above, near, and below normal) the range in
amounts of precipitation and snowfall, the range in number of heavy snow days, likely lengths of runs
of days below 0 o C, and ranges of the mean maximum and minimum temperatures in each forecast
bracket. Twenty-five percent of the sample sought a prediction describing the fluctuations expected
during a 3-month forecast period. The incidence of "shoulders," periods of early warming in late
spring or continued high temperatures into the fall, were high in the desired list of forecast conditions
in 50% of the sample. Utility users also wanted varying lead times ranging from a week ahead to
more than three months before the forecast period began with the differences tied to different task
areas.
Other forecast related information, beyond the additional climatic data in the climate profiles,
were analogs, a listing of recent past years when conditions similar to those being forecast have
occurred. This information is needed to help give the user R frame of reference. Half the sample
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wanted a short user-friendly scientific explanation of the rationale behind the
forecast, and a third
wanted the trend of forecast accuracy over the last six months. Nearly 50%
asked to have access to
expertise in climatology as a means of improving usage. Hindra nces to getting
routine wide usage
offorecasts brought several responses but they fell in three general categories:
1) changing how they
now function which is closely related to getting corpora te and/or comme rce commi
ssion accepta nce;
2) uncertainty/disbelief that they could obtain forecasts with what they
wanted and including
accessibility to expertise; and 3) proof of value resulting from usage which
included a need for
decision-economic models which would allow them to assess outcom es resultin
g from the use of the
forecasts.

5.

MEANS TO IMPROVE USE

This study revealed a wide gap betwee n existing non-us age of forecasts
and yet their
potentially high value. It appears that the development ofusag e of climate forecas
ts in the U.S. utility
industry, to realize the considerable potential value of forecasts for various in-utilit
y applications, is
going to require interactive demonstration projects. These outreac h project
s would involve a few
utilities and climate agencies willing to invest the expertise and time to interact
closely over a period
of time and thus test and acquire sufficient proof of value to lead to increas
ed continuing and wise
usage among most utilities. The nation's six Regional Climate Centers, workin
g in concer t with the
Climate Prediction Center (CPC), would be appropriate organizations to conduc
t these demon stration
project s with a few cooper ating utilities. The envisioned demons tration
projects would involve
extensive interactions ofutilit y "users" with climate experts. An important by-prod
uct ofthe study
was to learn that most utilities need/desire access to a wide variety of climato
logical data and
information, other than forecasts, that the Regional Climate Centers possess
and could provide the
industry.
After establishing the value of the products in these demonstration projects then
the stage will
be set for the private weathe r companies to becomes involved and serve as
the direct providers of
climate forecasts to all utilities. Assessment of usage by different task areas in
the utilities illustrated
the specialized needs offorec ast information varied between tasks. The\s suggest
s that private sector
providers of climate forecasts are the approp riate entities to develop these
specialized forecast
products to meet the specific needs of the fuel acquisition staff which are differen
t than the needs of
the system planners, or those of the power traders.
This sampling-assessment project and its numero us direct user interactions across
the utility
industry has generated greater user awareness ofNWS climate forecast produc
ts, and this should also
create enhanced usage amongst the electric utility industry. Since the U.S. Global
Change Resear ch
Progra m is actively supporting research in climate prediction, there is a
concom itant need to
understand how to transfer the new forecast information and predictive skills into
useful applications.
Thus, the results should be of value to the scientific community engaged in climate
forecast research.
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Mitigat ing the
Social and Econom ic Impacts of
Natural Disaster s
Donald R. Wernly
National Oceanic and Atmosphere Administrati on
National Weather Service
Natural disasters, including hurricanes, flooding, severe local storms, winter storms,
drought, and earthquakes, claim a terrible toll both socially and economically each year.
Globally, the World Bank (Kreimer and Munasinghe 1991) noted that since the 1950s,
weather-rela ted deaths have increased 50 percent each decade while economic costs in the
1980's increased 90 percent over the 1950's total of US $400 billion.
Though humankind cannot stop natural hazards, we can take positive steps to keep
natural hazards from becoming disasters. At the May 1994 World Conference in support
of the Internationa l Decade for Natural Disaster Reduction (IDNDR), it was reaffirmed
that by the year 2000 each participating nation should have: comprehensi ve national risk
assessments; national and/or local mitigation plans involving long-term prevention,
preparedness , and community awareness; and ready access to global through local
warning systems including broad warning disseminatio n.
For nations that have already embraced these goals, considerable savings are already
being realized. In the United States, though 1993 saw the second highest incidence of
tornadoes (1,167) in 44 years, the death toll was the eighth lowest on record with 33.
Similarly, when hurricane Andrew, one of the most powerful storms in U.S. history,
struck south Florida only 15 persons died.
Though these numbers are impressive, there is room for considerable improvemen t.
In developed countries, property losses continue to escalate even as death tolls have
substantially reduced. A 1988 study by the All-Industry Research Advisory Council
(AIRAC) in the United States noted that "insured property exposures for the first
tier of coastal counties (Gulf and Atlantic Coasts of U.S.) came to $1.86 trillion,
an increase of 64 percent over the 1980 total. •.". At the March 1994 meeting of the
WMO Region IV Hurricane Committee, William Tomlin of Caribbean General Marine and
Insurance Brokers, Ltd., mentioned that property insurance in the Caribbean had
increased 300 to 500 percent since 1989.
Threats to property continue to increase sharply when one considers the tremendous
amount of construction occurring ori barrier islands and flood plains. This is exacerbated
by the fact that, especially in the United States, rigorous building codes and code
enforcement are rare.
The potential for loss of life in developed countries is also dramatic. Already 44
million people live along the U.S. Gulf and Atlantic coasts. Unfortunatel y, the
infrastructur e has not kept up. In South Florida following Andrew, if everyone leaves
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who has indicated that they will, it will take over 80 hours to evacuate the area, includin g
metropol itan Miami.
Infrastru cture and populatio n trends are not the only reasons for the potentia l for
large losses of life. Tragicall y, 20 persons were killed and 90 injured in Alabama this past
spring when a tornado struck the Goshen United Methodi st Church while Palm Sunday
Services were being held. Though the National Weather Service had issued a warning
12 minutes earlier, the church did not have the capabilit y to receive the warning nor did
it have an action plan to follow if the warning had been received.
If the goals of the IDNDR are to be realized, weather service agencies must become
involved in all aspects of disaster reduction. This includes working with the entire
hazards commun ity to develop effective warning systems, support creation of viable
prepared ness plans, and provide guidance in mitigatio n measure s. Organiza tions
involved in disaster reduction will never have the resource s either in personne l or in
funding to fully accomplish the task. However, by forming partners hips, resource s and
expertise can be pooled to accomplish together what could not be done individua lly.

WARN ING SYSTE MS
Social scientist s (Mileti 1990) have defined successful warning systems as those that
include three equally importan t elements ; detection and warning, commun ication, and
response . If any one of these elements fails, then the entire warning process is consider ed
to have failed.

Detectio n and Warnin g
The question as to what functions to centraliz e and what functions to decentra lize is
critical to the developm ent of a national weather service. In the U.S., local offices were
charged with sole warning and forecast responsib ility for all areas under the 10,000-foot
coverage pattern of the radar. For areas outside of radar coverage, such as the high seas,
warnings and forecasts were centraliz ed.
The National Meteorological Center, including the National Severe Storms Forecast
Center and the National Hurrican e Center, are being restructu red to provide guidance in
gridded form to the field offices and in gridded, graphica l, and alphanum eric forms to the
public and private weather companies. For field offices, guidance informat ion can be
formatte d by their compute rs into ready to use products. This approach enables field
offices to devote their resource s to the most pressing forecast problems which, in most
instances , are expected to be in the first 24 hours of the forecast. Hurrican e watches and
warnings will continue to be issued by the National Hurrican e Center as response times
for hurrican es requires evacuatio n decisions to be made when the storms are still well out
to sea.

Ground Truth
In the past, warnings were issued following the report of a severe event. New
technologies offer the opportun ity to move into the stage of predictiv e warnings . Now,
ground truth reports are even more importan t to enable forecaste rs to better interpre t the
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data, modify algorithm s for better performance, and improve the science. Spotter
networks should be developed for all events requiring warnings . A goal should be to have
a spotter network for each commun ity with additiona l networks in rural areas.
Commun ications by amateur radio is ideal for it allows for rapid exchange of informat ion
while enabling the local forecast office to direct spotters to the most likely locations for
possible severe conditions.
Continu um of Informa tion
Users of critical informat ion extend across a broad spectrum from the general public
to organiza tions who make use of sophistic ated decision- making capabilit ies. The
continuu m of informat ion implies a suite of defined products that escalates in frequenc y
and resolutio n as conditions become more probable or worsen. The informat ion included
in such products should highligh t the significance of the data and quantify the forecast
uncertai nty to enable the user to assess their own risk and thus stimulat e them to action.
The provision of hurrican e strike probabili ties along with hurrican e forecast tracks as is
done in the U.S. and Japan follows this concept as does the initiation of probabal istic
quantita tive precipita tion forecasts from the Weather Service Forecast Office in
Pittsburg h, Pennsylv ania.
Commu nication s
As undersco red by the tragedy of the Goshen Church in Alabama , warning s are of no
use if they are not received. Canada and the United States have determin ed that it is
their responsi bility to commun icate warning informat ion directly to the public.
Accordingly, they operate weather radio systems that contain a tone-aler t feature to
activate radio receivers when a warning is issued. The Canadia n system also has hard
copy broadcas t capabilit y that enables users to receive text and graphic message s. The
broadcas t media reaches the largest populatio n and can be made even more effective with
an emergen cy broadcas t system capabilit y that ensures life saving informat ion is
dissemin ated automati cally through all media outlets.
The ultimate commun ication to members of the hazards commun ity should be
dedicate d commun ications between weather service agency compute rs and emergen cy
managem ent compute r systems. In the United States, some states have sophistic ated
automat ed commun ications systems that can dissemin ate weather service data and
products to all appropri ate local emergen cy operating centers while transmit ting critical
ground truth data back to the weather service office.
Respon se
The single most importan t thing a nation can do to safeguar d its citizens is to ensure
that they know how to respond if they receive a warning or are confronted with a hazard.
This means that persons must understa nd what hazards can affect them, be able to
assess what are the impacts of various hazards, and have a plan on what to do if a
warning is received or a hazard is upon them. The best means to heighten awarene ss is
to have disaster prepared ness included in the elementa ry school curricula . Finally,
regional and national awarene ss weeks and drills should be planned that exercise hazard
commun ity prepared ness plans and test the dissemin ation of test message s to the public.
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PREPA REDN ESS PLANN ING/W ARNIN G COOR DINAT ION
For the hazards commun ity to effectively deal with natural hazards, plans need to be
in place that outline how the various members of the commun ity will function before,
during, and after the event. Prepared ness plans should include; hazard and vulnerab ility
analyses , warning system operation s, and post event and extended recovery actions.
Weather service agencies should be extensive ly involved in all aspects of prepared ness
planning . Their technical advice and guidance is absolutel y critical in each of the above
steps. If this process is not occurring in a effective manner, they should be prepared to
assume a leadersh ip role in the process.

MITIG ATION
Mitigatio n is the long-term activities undertak en well before an event to lessen its
impact or to reduce its possibility of becoming a disaster. Some positive actions that can
take place include; the restrictio n of developm ent and redevelo pment in high risk areas,
establish ment and enforcem ent of resistant building codes, construc tion of in-reside nce
shelters, and construc tion of shelters for mobile home and manufac tured home
commun ities. A new idea beginnin g to take hold in the United States is the concept of
sustaina ble redevelo pment. An excellent example is the Village ofValme yer, lllinois,
which is relocatin g to a bluff above the Mississippi river so that they will never flood
again. The Weather Service is working with them to assist in the entire project and to
ensure that planning and construc tion practices account for all natural hazards.

PARTN ERSHI PS
Reducing the impact of natural hazards is beyond the resource s of any one
governm ental entity. Forming partners hips with other agencies, nonprofi t organiza tions,
and the private sector, however, can provide the resource s sufficien t to make a difference.
Following Hurrican e Andrew, the State of Florida formed a partners hip with FEMA and
the NWS to expand NOAA Weather Radio across the state and to make it an "all hazards"
warning system for natural as well as technological hazards and toxic releases. In
support of this project, the insuranc e industry is funding for NOAA Weather Radios in
every school, nursing home, day care center, and hospital in Dade County (Miami).

CONC LUSIO N
The globe's weather service agencies are positioned to make a profound differenc e on
how we deal with natural hazards. Development of responsiv e warning systems and
technical guidance toward the creation of effective prepared ness plans will see substant ial
reduction s in the loss of life. The developm ent of partners hips to embrace true mitigatio n
efforts, including better strategie s to live within our environm ent, holds the promise to
further reduce the threat to life while making substant ial progress in property loss
reduction . Leadersh ip and foresight now will ensure a safer and more productiv e
tomorrow.
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Economic Benefit of Metocean Analyses
to the Offshore Oil Industry
Nigel F Bellamy
Paras Limited, 120a High Street, Newport, Isle ofWight, P030 lTP, UK.
and
Nicholas J Cresswell
Previously of Marathon Oil U.K. Limited.

INTRODU CTION
·.In April1984 the collection of oceanographic and meteorological data began at Marathon's
Brae Alpha platform which is situated in the central North Sea at 58°41 '33"N, 01 °16'54" E. (See
Figure 1). This paper considers the financial benefit resulting from the subsequent use of those data
for (i) the design of the East Brae platform and (ii) the installation of a power supply cable connecting
East Brae to Brae Alpha and Brae Bravo.
The construction of the Brae Alpha platform
(May 1982) was supported by the semi-submersible
crane vessel DBlOO which provided facilities and
accommodation for approximately 600 men. A cantilever bridge linking the platform to DB 100 was
sensitive to the sea state and had to be lifted whenever
vessel motion became too severe for safe working to
continue. Such conditions occurred frequently and
when the bridge was lifted construction had to stop.
The resulting loss of productivity was significant - of
the order of £120,000 for every 24 hours lost. Two
possibilities could explain the frustrating stoppages:
.
.
.
either the sea states were more severe than had been
Figure 1 - LocatiOn of the Brae Fleld
previously thought (in which case new and better
information was urgent! y required) or the semi-sub was unsuitable for the task at hand (in which case
the contractor could have been liable for lost construction valued at several million pounds). The
matter could not, however, be resolved without a quantitative measure of the wave height.
An environmental data acquisition system was therefore installed on Brae A. The wave sensor,
a downward looking infra-red laser device, fed sea surface elevation data to a signal processor which
calculated the significant wave height for both real time display and recording to tape. For a relatively
small additional cost connection to the meteorological sensor suite (already installed for helicopter
operations) and automated telex reporting to the UK meteorological office was included, much to
the benefit of future forecasts. The total cost of the environmental data acquisition station (see Table
I) was equivalent to less than one day of lost construction time.

- 100 An analysis of the data subsequently
collected revealed that the semi-sub was up
to specification as defined in terms of heave
at the deck working area. The problems
with the bridge were due to the fact that it
was landed towards one corner of the vessel
and was therefore particularly sensitive to
pitch and roll. Marathon did not dispute the
capability of the vessel. They were, however, left with an ongoing environmental
data collection programme which was to
prove a valuable asset.

TABLE I
Environmental data collection - the costs 0994)
Budget Cost
Item
£7,000
suite:
Sensor
al
Meteorologic
£20,000
Wave Height Monitor:
£18,000
Processor/Data Logger:
£7,000
Engineering/Documentation{fest:
£8,000
Installation & Commissioning:
£10,000
Printers/Modem/Remote Displays
£70,000
Sub-Total
£5,000
Calibration/Iviaintenance (per year):
·Data Verification & Reporting (per yr.):£15,000

DESIGN OF EAST BRAE
In 1988 a new platform, East Brae, was being designed. The data now available from Brae
Alpha were extensively analysed in order to derive site specific design criteria for East Brae. As a
direct result of these analyses the deck elevation could be set 3.45 metres lower and the design
extreme wind speed reduced by 3.3 m/s. No design equivalent to the 1984 criteria was ever prepared.
The cost savings cannot, therefore, be proved and are hypothetical to some degree. With this in mind
we have endeavoured to derive budgetary costs for a platform designed to the pre-1984 criteria. The
two areas of design which are specifically addressed are leg length and overturning moment.
East Brae has 4 legs, each weighing approximately 2.5 tonnes per metre at the splash zone.
Thus the total additional weight of steel that would have been used if working to the original design
criteria would have been 34.5 tonnes. The budgetary cost for fabricated steel (integrated with nodes
and services) may be taken to be £4,000 per tonne and the additional fabrication costs for leg length
alone would have been approximately £138,000.
The combination of increased leg length and
higher extreme wind speed would have produced a
significantly increased overturning moment. It is entirely possible that, had this platform been designed to
the higher specification then an additional pile would
have been required on each corner. A typical pile
weighs about 160 tonnes, thus 4 extra piles would
weigh around 640 tonnes. Fabrication costs for piles
would be of the order of £2,000 per tonne, thus amounting to £1,280,000. Installation of 4 additional piles
would take at least one extra day and incur vessel costs
of approximately £350,000.
The element through which the piles are attached
to the latticework of the jacket is known as the 'bottle'.
In the case of East Brae there werefour 'bottles', one on
each corner, each providing accommodation for five
piles (see Figure 2). Each bottle, as designed to the
1988 specification accommodated 5 piles and weighed
600tonnes.

Piles driven
through
here

---~~Platform

Leg

Pile
Sleeves

Figure 2 - Design of a typical Bottle
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odate 6piles each, the increase in weight would have been of the order of 12%. The addition
al weight
offabric ated steel in four 6-pile bottles would therefore have been approximately 288 tonnes
and the
corresponding additional cost (at £4,000 per tonne) would have been £1,152,000.
By the time East Brae was towed to site it is likely that environmental data acquisition at
Brae
A had provided a net saving of £2,720,000 with respect to only these elements of the design.
The
data have, of course, been used continuously throughout the ten years of data collectio
n for
operational planning. We will now go on to look at further savings with respect to a single
cable
laying operation.

EAST BRAE POWER SUPPLY CABLES
The new East Brae platform had been designed with only stand-by power facilities.
Two
neighbouring platforms, equippe d with a total of seven gas turbine engines and having a
combin ed
generating potential of 151 Megawatts, would supply their excess power through two sub-sea
cables.
The cable diameter was 120 mm and their combine d length was 47 km. Each cable had
to be laid
and trenched in a single operation as the risk of damage from trawlers was significant if the
cable lay
unprotected on the sea bed.
One vessel, the Discovery, was scheduled to perform these tasks during the May/Jun e period,
immediately following platform installation. Three other vessels would also be working adjacen
t to
the platform at that time: two to support essential diving work at both sides of the platform
and a third
to provide accommodation for 400 persons during the commissioning phase of construc
tion. A
scenario in which four vessels were operating together in the immedi ate vicinity of the platform
was,
however, deemed to be unacceptable in terms of the potential for costly delays. None of
the work
could be postponed without setting back the date of first oil leading to unacceptable costs
through
deferred production. Only one activity could be brought forward - the cable laying and
trenching.
This aspect of the work was therefore re-scheduled to January (the timing being determi ned
by vessel
availability) and thus became the subject of a critical review of Brae Field weather data.
The Discovery is a sophisticated ocean going lay vessel equippe d with deep holds especial
ly
designed to handle literally hundreds of miles of cable. For this operation the stern deck was
equippe d
with a large caterpillar tracked trenching machine and the associated control equipment; a
'Remote ly
Operated Vehicle' (ROV), spare ROV and their associated control equipment; a rotating
crane and
over 100 tonnes of concrete protection mats. The weight of the trencher was such that the crane
could
not be fully extended when lifting it over the side of the Discovery, resulting in very little
clearance.
For this reason the safe operating limit for trenching was restricted to a significant wave
height of
2 metres. The original schedule for laying and trenching during May had been estimated
at 20days
elapsed time, this timescale being dominated by the slower task of trenching. The task
was now
moved to January, but the duration was not revised until an engineer, familiar with the wave
statistics
from Brae Alpha, became aware of the modified plan and questioned the vessel's ability to
perform
the task in winter conditions.
The annual statistical summary report revealed that the total time in January during which
the
significant wave height might be expected to be below 2.0 metres amounted to the equivale
nt of some
7 days of which, in an average year, one could expect only 1 period when the significant wave
height
remained constantly below 2.0 metres for 48 hours. Cable laying alone required two periods
of at
least 72hours . It was clear from reference to these summar ystatisti cs thatitw ouldbe impossi
ble to
perform the cable laying and trenching from the proposed single vessel in January.
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It was therefore decided that the operations should be performed from two vessels: a semisubmersible diving vessel to handle the trencher and the monohull Discovery to lay the cable. The
availability of the statistical summary report therefore saved a potentially expensive error. To have
sailed in the combined operations vessel, stood off awaiting good weather, abandoned operations,
returned to port and transferred the equipment to alternative vessels would have taken, say, 14 days.
Vessels such as the Discovery typically cost about £60,000 per day, thus the total potential costs for
an abortive operation amount to £840,000. This is an optimistic scenario. There would have been
a very real possibility of damaging the trencher or the cable with resulting additional costs of several
million pounds. Thus, with respect to this operation alone the net saving through data acquisition
was well in excess of half a million pounds.
These are only two examples from a 10 year period during which constant reference to the
environmental data has been made. Each example in itself more than justified the cost of the
environmental monitoring system and its operation. Together they account for in excess of £3.75
million in potential savings from a £0.2 million investment.

INDUSTRY ATTITUDES TO DATA COLLECTION
Not all operators have realised the potential value of an environmental database specific to their
structure. The majority of North Sea platforms are not equipped with automated data recording
systems. Many are not fitted with wave height monitors. Regulations require only that operators
'ascertain' the wave conditions and this requirement is frequently met by visual observation and
manual entry into a log book. Further, there
TABLEII
is a recent trend to short term profitability.
Managers of offshore installations are
Environmental data collection costs in perspective
briefed to make their operation profitable
now. Environmental data recording falls
£170,000
5 Year data collection programme
into the category of 'not essential to the
production of oil' and several stations have
Cost of operations (per day):
been decommissioned or allowed to fall
£200,000 to £400,000
into disrepair. Such views are very short
Heavy Lift:
£350,000
sighted. Table 11 provides a perspective
Piling:
environyear
5
a
£60,000
with respect to the cost of
Cable laying:
£100,000
to
£55,000
mental data collection programme. The
operations:
Diving
£670,000
break-even point occurs, for example:
Deferred production:
• After 3 diving days are saved or
• After less than 1 day of 'Heavy Lift' vessel time is saved or
• After 6 hours of deferred production is saved.
The message is clear: environmental data collection will pay for itself many times over
throughout the life of an offshore installation. The ratio of platforms which do record metocean data
to those which do not indicates that some operators do not realise that they can increase profit through
data acquisition. Perhaps this paper will draw attention to the potential value of meteorological and
oceanographic data and encourage senior management to review policies concerning environmental
data acquisition.
The authors gratefully acknowledge the support of MarathonOil UK Limited and the Brae .
partners in the preparation of this paper.
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IMPACT OF METEOROLOGICAL SERVICE THROUGH SATELLIT E DERIVED
DATA ON THE AGRO-ECONOMIC CONDITION OF THE COUNTRY
V.R.Muju mdar and D.K.Pau l
Indian Institut e of Tropica l Meteoro logy, Pune
India.

1

INTRODUCTION
The socio-ec onomic developm ent of a country
depends on her
agricul tural products which in turns are dictated by the climatic
and weather conditi ons prevail ing over the region.
For the
agricul tural country like India where more than 70 percent
of the
land is non-irr igated, the intra-se asonal and inter annual
fluctuat ions in the weather events results into variatio ns
in the
annual crop yield, bringing a major impact on the economy of the
country. The study of the behaviou r of crop during it's various
growth stages in relation to the weather conditio ns prevalin g over
the region during the time, may help to provide a rough estimat e
of
the final crop yield.
In this respect the meteoro logical data
obtaine d from satelli te may add a new dimensi on to AgroMeteoro logical research and help the planner in deciding the economi
c
strateg y
of the country . In this
paper the yield of two
agricul tural product s viz. Tea and
Groundn ut are studied by
utilizin g mainly satellit e derived data over two
dominan t areas of
their cultivat ion in India , i.e. Assam and
Gujarat respect ively
(Fig.1). India's contribu tion to the world's tea producti on is quite
large (28.63% in 1991) and tea is the major export earner for the
country (about 630 million US dollers in 1990). The state of Assam
alone accounts for more than half the producti on of tea in India and
earns a large portion of state-re venue. The var.iatio n in
the yield
of Tea in Sri Lanka, which contribu tes to over 25 percent of the
country 's export earnings (about 500 million US dollers in 1990) has
also been examine d. Similarl y Gujarat ranks
first in the country in
the producti on of Groundn ut which has a
large market in India and
provides foundati on for the importan t.
industri es
like edible oil
and soap. Even though India is world's largest groundn ut growing
country accounti ng for 33% of the global producti on , she has to
spend about 600 to 700 crores of foreign exchange every year to
bridge the gap between supply and demand of the edible oil. Any
deficit in the yield of groundnu t effects the state as well as the
nationa l economy by increasi ng the import expendi ture.
Climatic conditio ns required for qroundn nut and tea
Groundn ut is primari ly a Kharif (summer) crop with a life cycle
of 110 to 140 days which grows on warm and moderat ely moist climate
requirin g abundan t sunshine and moderate rainfall . The
moistur e is
essentia l at the initial stages of sowing and germina tion. A well
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RESULT AND DISCUSSION
It is observed that the
mean onset dates of monsoon · over
Gujarat and the yield of groundnut is inve.rsely correlated
(correlation coefficient =-0. 55) signifying that the delay in onset
of monsoon adversely affect the yield
(Fig·. 3-Top .panel). The time
.series analysis of the mean OLR values over Gujarat has been used to
study the day to day variation in weather condition. It is observed
that the timely onset. of monsoon over Gujarat around it's normal date
with a well distributed 3 or 4 spells of rainfall/clo udness lasting
for 10-15 days over the region and interspersed with a short period
of sunshine lasting for 3 to 6 days in between the wet/cloudy spells
appear to be the optimum requirement s of .the crop at its various
growth stages. Thus in the year 1975,
when 4 spells of
rainfall/clo udness and sunshine are seen to recure alternately within
a time interval of 20 to 30 days (Fig.3a), a bumper yield og 1240
kg/hectare (80% above normal) was obtained. Above normal rainfall
with two spells of sustained rainfall/clo udiness lasting for 18 to 20
days (Fig.3c) at a stretch have yielded only 699 kg/hectare (-1% of
normal) in 1980. In 1982 late onset (12 Ju~y), deficit seasonal
rainfall (~36.5% of .normal) with only one prolonged wet/cloudy spell
of nearly 50 days (Fig.3d) has resulted into the l~west yield of 524
kg/hectare (-25% of normal).

Though artificial methods are used to create shade for the tea
plantation, a cloud canopy can reduce the sunlight at various degree
depending upon it's thickness and provide a natural shade on larger
area producing a better tea production. Generally during monsoon
season in Assam and Sri Lanka,' skies are covered with clouds. But it
is the dry months of the year i.e. January to March which seems to be
crucial for the tea growers. It is observed from Fig 4. that during
the early months of
1979 and 1986, the prolonged high OLR values
indicating thin layers of clouds and more sunshine has resulted into
a poor'yield. Longer duration of low OLR values (less than 245 Wm- 2 )
during 1981 and 1990 has given better yield of tea in Assam.
Similarly relatively shorter duration of clouding (high OLR values)
over Sri Lank~ during 1983 and 1989 have resulted into poor yield of
tea while the yield of tea seemed to improve in 1984 and 1988 with
low OLR values,(< 245 Wm- 2 ) persisting almost throught the year
(Fig.S). Table I shows the variation in the yield of tea in Assam and
Sri Lanka and the correspondin g export earning for the countries for
some years.
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Figure 4 - Yield of tea and
OLR over Assam

Figure 5 - Yield of tea and
OLR over Shri Lanka

Table I
Yield (kg/hectare) and export earning (1000 US $) from
Tea for India and Sri Lanka
Sri Lanka

India
Year

Yield

Earning

Year

Yield

Earning

1981
1982
1985
1986
1990

1503
1415
1631
1507
1685

375,921
562,131
460,591
630,799

1984
1988
1989
1990

776
1029
936
1056

619,803
385,671
376,182
492,360

-----------------------------------------------------------------350,446
743
1983
501,506

CONCLUSIONS
It has been observed that the Satellite derivied daily OLR data,
if properly monitored during the summer months, can determine the
onset of monsoon and the subsequent temporal distribution of
rainfall/cloudi ness and sunshine over a region. The annual yield of
groundnut in Gujarat, which needs timely onset of monsoon and also a
proper distribution of rainfall, cloudiness and sunshine for better
yield, can be estimated by monitoring the daily variation of mean OLR
values over Gujarat. Similarly the analysis of smoothed pentad values
of OLR throughout the year over Assam and Sri Lanka can indicate the
variation in the yield of tea. Thus a prior knowledge of the
estimation of the important agricultural products like tea and
groundnut may help the planners in planning and deciding the future
economic strategy for the Nation.
4
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The value of weath er and clima te data
for agric ulture , fores try and fishe ries
By

R. Gommes {1 ) and J .M. Faure s {2 )
FAO, Rome
The paper prese nts an accou nt of the benef its which
agricu lture derive s from weath er and clima te data. Agric ulture
is given , in this conte xt, the broad FAO defin ition which
includ es crop agric ulture , anima l husba ndry, forest ry and
fisher ies.
The benef its are descri bed in the double persp ective of
weath er data and their role in the day-to -day agric ultura l
activ ities (oper ations ), as well as clima te data as used in
the assess ment and realiz ation of agric ultura l poten tial
(plann ing) .
Opera tions: the paper discus ses the benef its derive d from the
use of weath erjclim ate data and techno logy under the follow
ing
two categ ories of produ ction increa se: (i) yield rate
increa se, (ii) increa se of harve sting effici ency, and four
categ ories of loss reduc tion, i.e. (iii) the prote ction of
unhar vested produ ce, (iv) post harve st losses reduc tion, (v}
reduc tion of losses to infras tructu re and equipm ent, and (vi)
econom ic measu res such as insura nces.
As far as releva nt, the six categ ories above are applie d to
"land uses", i.e. agric ultura l activ ities involv ing natur al
ecosys tems (conse rvatio n and collec tion of plant and anima l
produ cts, includ ing fresh water and ocean fisher ies at
differ ent levels of techno logy), and manag ed ecosys tems,
includ ing multip urpose forest ry, livest ock produ ction, fish
produ ction and crop produ ction (from shifti ng cultiv ation to
garden ing and covere d crop produ ction) .
Planni ng: partic ular attent ion is given to the manag ement of
water resour ces and the geogr aphic scale of the applic ations

Research and Technology Development Division
2

Land and Water Development Division
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THE ECONOMICS OF FLOOD AND COASTAL DEFENCE MEASURES IN ENGLAND
POLICY AND APPRAISAL
R G Purnell, Chief Engineer, Flood and Coastal Defence Division
Ministry of Agriculture Fisheries and Food, London
INTROD UCTION
1. The exact proportio n of the English populatio n and national wealth at risk from flooding and
coastal erosion is not currently known. However, with some 5% ofthe populatio n living in areas
below the 5 metre contour it is clear that a significant proportion of the populatio n live in areas
potentially at risk. The impact of a major flood event on key infrastructure, businesses and homes in
cities such as London and York would be considerable. It is also estimated that some 50% of our
most productive Grade 1 agricultural land is below the 5 metre contour.
2. It is against this backgrou nd that expenditure in respect of flood and coastal defences, amountin g
to some £300m ($450m) per annum, covering both capital and maintenance expenditure is incurred.
However, protection against flooding or erosion can never be absolute. A balance has to be struck
between costs and benefits to the nation as a whole. This paper provides an overview of current
practice in the economic appraisal of flood and coastal defences in England. It will outline current
government policy with respect to flood and coastal defences and the use of economic appraisal
within the decision mechanism. It will also look to future trends in economic appraisal and the
possible need for further meteorological information and understanding.
POLICY AIMS AND OBJECT IVES
3. The aim of flood and coastal defence policy in England is to reduce the risk to people and the
developed and natural environment from flooding and coastal erosion by encouraging the provision
of technically, environmentally and economically sound and sustainable defence measures.
4. This is achieved in three ways; by encouraging the provision of adequate and cost effective flood
warning systems; by the provision of funding for technically, environmentally and economic ally
sound and sustainable flood and coastal defence measures; and by discouraging inappropriate
developm ent in areas at risk from flooding or coastal erosion.
5. The safeguarding of life is regarded as the highest priority. In theory at least this could be
achieved by flood warning systems alone. This places a high value on having a comprehe nsive and
effective weather forecasting service, without which warning of flood events would be almost
impossible. Nonetheless even where loss of life is not a potential risk flooding can have a serious
impact on the well being and economic viability of the community. Permanent defece measures are
therefore required to reduce that risk to manageable levels. Better still, we can try to guide
development away from flood and erosion risk areas wherever feasible.
6. Where flood and coast defences are undertaken to reduce the risk to the communi ty it is
important that they are constructed and managed in ways which protect and conserve importan t
environmental assets as well as economic ones. Environmental considerations must therefore be an
integral part of any scheme appraisal. It is therefore necessary when considering projects that all
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costs and benefits are quantified wherever possible to ascertain the most economically efficient
option. Current government policy is to start from the assumption that except where life or important
natural or man made assets are at risk, natural river and coastal processes will not be disrupted.
ECONOMIC APPRAISAL
7. The bulk of flood and coastal defence expenditure in England is ultimately met by the national
taxpayer many of whom derive little or no direct benefit from the money spent on their behalf. It is
important therefore that in deciding to incur expenditure on such measures value for money criteria
are met. The underlying aim is to maximise the net present value of the programme expenditure
within a minimum threshold rate of return of 6%, as set by the Treasury Department.
8. To guide authorities on the appraisal of projects and the quantification of benefits the Ministry
has produced guidance notes, and undertakes research into risk evaluation and the quantification of
costs and benefits.
CURRENT RISK QUANTIFICATION
9. The assessment of the risk of flooding has a long history. In the UK we are fortunate that
records of significant events can in some areas go back many years. Unfortunately whilst records
may go back over one hundred years this is not necessarily significant when calculating the risk of
rare meteorological events. The difficulty is particularly acute when the objective may be to reduce
the risk to as low as once in one thousand years. Insufficient data cannot be overcome in the short
term by additional records so in recent years emphasis has been placed on more fully utilising the
historical data that is available. Use of techniques such as peaks over threshold or separating the
hourly records of sea level into its meteorological and astronomically induced components and then
performing statistical analysis on the individual components can enable more meaningful and useful
long time scale predictions to be produced.
10. Even this improvement to the analysis of risk of extreme sea levels, however, may not have a
significant effect on total expenditure since the component most likely to influence whether flooding
occurs or not is wave action. Here our data is even more limited and in any event is more likely to be
influenced by site specific considerations. The advent of more powerful modern computers and better
wave modelling capability is addressing the problem by allowing longer term weather data to be used
to hindcast wave statistics.
11. An important event in the evaluation of the risk of river flooding was the publication by the
Natural Environment Research Council (NERC) in 1975 ofthe Flood Studies Report. This resulted
from several years of research, part funded by MAFF, which brought together and analysed about 15
years of the archived river flow and rainfall data in the UK to allow for more straightforward
assessment of flood risk. It included regional growth curves as well as recommendations of the best
statistical techniques available. It has proved itself an invaluable tool which many countries have
since emulated.
CURRENT BENEFIT QUANTIFICATION
12. Although value for money had for many years been a cornerstone of government policy on
flood and coast defence expenditure it was not until the publication in 1977 by Middlesex University
of a manual on the assessment of flood defence benefits that significant progress on the evaluation of
benefits was achieved.
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adjusters assessments were made ofthe depth of flooding verses damage relationship for a variety of
different housing'types and ages. Perhaps more controversial damage was also related to social class.
Those from the "higher" social classes normally having a higher level of consumer durables suffered
a higher level of economic damage in a flood. The important outcome of the publication was that it
allowed decision makers an opportunity to asses the potential economic losses from a variety of flood
event scenarios. Up to that point the only available information was site specific, obtained as a result
of an actual flood event. Economic modelling of events was now possible.
14. The manual also allowed the evaluation of economic loss from a variety of types of industrial
premises and commercial establishments. Of course that information had a much wider variation
than that related to dwellings and hence was of more limited value. Normally for such premises a
site survey was still more appropriate.
15. Because flood defence expenditure falls on the nation as a whole costs and benefits must be
appraised from a national rather than a local perspective. This manual was produced from that
perspective.
16. Whilst the original manual concentrated on the direct economic impacts of flooding it was
nonetheless clear that the reduction in the risk of flooding could generate significant indirect benefits
including reduction of traffic losses, health related benefits and a reduction in the use of emergency
services. These were dealt with in following manuals.
17. In recent years we have seen greater emphasis placed on environmental protection and
enjoyment, but in much the same way that expenditure on risk reduction for the population at large
has to be seen to be economically viable so does the reduction of the risk of environmental damage
and the cost of environmental enhancement. It is now therefore necessary to evaluate environmental
and recreational costs and benefits in order to more easily compare options.
18. The evaluation of any cost or benefit without a market price is difficult, as they have to be
inferred by indirect methods. Research funded by the Ministry has tended to concentrate on two
basics methods, contingent valuation (CVM) and the travel cost method. Although the travel cost
method is widely used in the USA it is not really appropriate for use in England. Among the
problems associated with it's use are;
• the difficulty of placing a value on the time element oftravellin g to the site
• local residents may incur negligible travel costs, and their loss of enjoyment would therefore go
unmeasured
• the apportionment of costs between different sites visited
• costing visits to substitutes sites
The use of CVM appears to offer potential in the evaluation of non use benefits although great care is
needed in its use and it can be expensive to undertake studies. Whilst the evaluation of non-use
benefits raises interesting philosophical problems on the basis for existence values of environmental
assets it is interesting that recent evaluations of environmental and amenity benefits by the use of
CVM appear to demonstrate public concern for the environment; as witnessed by the significant
values derived.
FUTURE NEEDS
19. The early work on the economic assessment of flood and coastal defences concentrated on the
evaluation of direct damages. These were after all easier to evaluate and were seen as the largest and
most important part of the economic assessment. Recent work suggests that we may have
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underestimated the importance of some indirect benefits. This is certainly true of environmental and
recreational benefits. It could also be true of other indirect benefits such as the reduction of stress
and ill health consequent upon a flood. A difficult hypothesis to test but one that will have to be
undertaken.
20. Earlier assessment of the risk of coastal flooding concentrated on overtopping risk, generally
looking at the risk of abnormally high still water levels and the concurrent risk of wave attack. A
relatively restricted design envelope. In some recent sustained storm events significant wave attack at
moderate still water levels has seriously eroded beaches and left sea walls in potentially unstable
condition and at risk of structural failure without overtopping having occurred. This seems to
suggest that with increased use of softer defence options such as beach recharge then closer study of
the design envelope is required. This will undoubtedly require more extensive wave data and further
consideration of the combined probability of still water level and wave action.
21. The Flood Studies Report is now nearly 20 years old. In the intervening period further studies
have been undertaken, data availability has increased and evaluation methods improved. We are now
embarking on the production of its successor, the Flood Estimation Handbook and looking towards
future design tools for flood hydrology such as long term catchment simulation.
22. Sea levels have been rising around our coasts for many years and the indications are that the rate
of rise will increase. We are also subject to geological crustal movement as a result of the retreat of
the last ice sheet and the compaction of sedimentary deposits with sea level rise being more
pronounced in the more heavily populated south of the country. A de-coupling of these two elements
of sea level rise will allow more informed decisions to be made. However, as noted earlier it is wave
action that is most significant in assessment of coastal flood risk. An increase in storminess
associated with climate change may therefore be of greater significance.
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The Value of Improved Long Range Weather Information:
El Niiio Forecasts and U.S. Agriculture

An important human welfare implication of climate involves the effects of
interannual variation in temperature and precipitation on agriculture. In many parts of
the world, including the U.S., much of the year to year variations in climate can be
traced to El NiflO·Southern. Oscillation· (ENSO), a quasi-periodic redistribution of heat
and momentum in the tropical Pacific Ocean. In recent years, the ability to forecast
ENSO-in parti.cular, the occurrence of so-called El Nifio events-has improved (Barnett
et al.; Cane et al.; Bengtsson et al.). Because these forecasts

can be used to inform

decisionmakers in vulnerable sectors of the economy, they have economic value.
A number of studies address the economic value of improved ·weather forecasts to
agricultural producers (Baquet et al.; Katz et al.; Lave). Most studies focused on the
value of near-term weather phenomena to producers of a specific commodity in a
relative]y small geographical setting. There are few attempts to assess the value of
seasonal or longer term weather variations. Those studies that do address this issue focus
on individual firms (Mjelde and Cochrane). There is a need for a systematic assessment
of the value of ENSO on long range weather forecasts which reflects the e.conomic,
agronomic, and meteorological aspects of agricultural decisionmaking and which
measures sectoral level effects.
The study described here represents a preliminary assessment of the value of
in the southeastern U.S. This region was
ENSO forecasts to agriculture
improved
.
.
selected, first, for its agricultural importance and second, for the relatively clear ENSO
signal in its climate (Ropelewski and Halpert, 1986; 1987). The assessment is
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interdisciplinary in scope, combining data and models from meteorology, plant science,
and economics under a value of information model based on Bayesian decision theory.
The value of an ENSO forecast to· a particular· public or private enterprise is
measured by the expected increase in economic benefits arising·from the use of the
forecast in decisionmaking. Such benefits occur when the forecast leads to a change in
economic behavior. In the case of agriculture, in the absence of an ENSO forecast, a
farmer inakes planting and harvesting decisions that p.erform well under average
meteorological conditions. An ENSO forecasting scheme has economic value provided
the farmer's decisions are different for different forecasts. This condition will be met if
there are significant differences in meteorological conditions under the different phases
of ENSO and if these meteorological differences lead to significant differences in
growing conditions.
The assessment proceeded in three stages. In the first stage, seasonal temperature
and precipitation conditions up.der the three ENSO phases were estimated from
historical data for 13 sites in the southeastern U.S. This analysis uncovered a number of
significant meteorological differences between ENSO phases. In the second stage, the
consequences of these meteorological differences on crop yields .were estimated using
crop biophysical simulation models. Again, a number of significant differences in yields
were found. In the third stage, these yield differences were incorporated into an
agricultural decisionmaking model to assess the aggregate economic value of ENSO
forecasting. The value of both perfect and imperfect forecasts were estimated in this way.
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The changes in yields for the three ENSO phases and for the average or all years
case were used in an economic model of the U.S. agricultural sectort identified as the
Agricultural Sector Model or ASM, a spatial equilibrium model formulated as a
mathematical programming problem (see Chang and McCarl for details). This allows the
physical (yield) effects of ENSO changes to be translated into economic effects· on
producers and on domestic and foreign consumers.

The value of information was captured in the economic model through effects on
cropping patterns (and associated livestock production). Two distinct analyses were
performed based on assumptions concerning cropping plans. The first involves a perfect
information plan. Here no cropping patterns were imposed on the model; the model was
solved to obtain maximum total social welfare in the face of each of .the weather
scenarios. This involved running the model with perfect foresight of the El Nifio, El
Viejo, Normal and Average (all years) scenarios.
Imperfect information is valued in terms of improving ENSO

for~cast

accuracy

from .6 to .8 probability of a correct forecast across the three possible forecasts. The ·
benefits of ~his increased accuracy are less than that from a perfect forecast because the
optimal strategies must reflect t1;le costs of ,wrong" planting decisions or crop mixes.
"Wrong" is defined as a planting decision motivated by a forecast which is not realized;
e.g., planting an El Ni:fio crop mix in response to an El Nifi.o forecast and. then having a
Normal event occur. The value of improved (from .6 to .8 probability) but imperfect
forecasts is estimated by evaluating alternative model solutions, representing pairs of

ENSO phases and planning actions and their associated probabilities and consequences.

- 115 -

Richard M. Adams

The net gain from improving the forecast is the weighted average across the alternative
distribution of outcomes, weighted by the relative frequency of the forecasts.

RESULTS
The value of pe~fect information (a perfect forecast) to agriculture in the
southeast is approximately $145 million. For perspective, this estimate represents about
2-3 percent of farm-gate value of total crop production for the southeast region in 1990
(USDA). The. economic value of an imperfect forecast is less than for the case of perfect
information, or $96 million. However, this increase in accuracy (from .6 to .8) captures
about one-half of the perfect information case value. Thus under the conditions of these
experiments, increases in forecast accuracy do have economic value to this sector.
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The Economic Benefits of Frost Avoidance

for the Avocado in Israel
J. Lomas

and

z.

Gat

ISRAEL METEOROLOGICAL SERVICE BET DAGAN

ABSTRACT

The economic success of subtro pical crop produc tion depend s climat ically
on frost avoidan ce by topogr aphica lly correc t siting . The selecti on of
a
site that is relativ ely frost -free seems an econom ically profita ble
solutio n. The agrocl imatic analys is is based on a functio nal relatio nship
between the lowest minimum screen temper ature and irrigat ed avocad o
yields . The negativ e respon se of avocado yields to minimum temper atures
was tested over a twenty seven year period, During this period there were
6 years with frost (1 in 4- 5 years) . During such years with frost, 83%
of the interan nual variab ility of yield could be explain ed by the lowest
minimum screen temper atures (Lamas and Zamet 1994 accepte d for
public ation). The linear regress ion obtaine d showed _fhat a decrea se of
l.o·c below o.o•c would reduce yields by 2500 kg/ha
. Recent report s
on the costs and investm ents of avocado produc tion in Califo rnia
(Living ston et al., 1993), do not accoun t for the benefi ts to be
derived from frost avoida nce.
The aim of this paper is to deal with the economic effects of frost
avoidan ce on avocado yields . It does not consid er the possib le negati ve
effects of severe frost on the avocado tree, or other extreme climat ic
events under Medite rranean climat ic condit ions.
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The relationship between yield and the lowest temperature value
recorded at Bet Dagan during November-March for six years,
with frost {0.0° c).

The farmer's income is some U.S $ 800/t and at temperatures ~Ilow 0°C,
(fig. 1).
the average loss of income per 1.0°C would be U.S $ 2.000/ha
The Frost Atlas of Israel {Lamas et al, 1989) comprising nine regional
maps on a scale of 1:100,000, has been produced, at a cost of U.S $
2.800.000, and at an interest rate of 10% would amount to an annual
expenditure of $280.000. Frost risk mapping on a regional and farm scale
are an important tool for land use planning and crop management in
agriculture and horticulture (Kalma 1992) and a basis for frost
forecasting.
Avocado plantati~ns accounts .t:or some 30% of the total irrigated area of ·
frost susceptible winter crops, ~nd. theref~re .30% of the· annual cost of
the Frost Atlas project (Lamas et a~ . ~189) has be~n-·debited to this
crop, i.e. U.S $ 84.000 or $5.25/ha /Y .

1

The cost - benefit ratio will be considered under the following two
assumptions:
1. Cost - benefit ratio for unsuitable sites due to recurring frost
The establishment of an avocado plantation cost approximately
S 14,430/ha and has a capital return of some S 1.183/hajyear. Therefore
the mapping of areas which are unsuitable for avocado production i.e.
where extreme minimum temperatures can in 1:4 years reach -2.0°C would
indicate an annual loss of $1,183/ha/year or a cost - benefit ratio of
1:225.
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2. The cost - benefit ratio for the selection of an alternati ve site
.I

The cost - benefit ratio for the selection of an alternati ve site
would, of course, depend on the minimum temperatu re increase to
be obtained due to topograp hical features.
As the benefit per 1.0°C would reduce the loss of $1,183/ha - 1 (o~Ie ~~
4-5 years) the annual cost - benefit ratio would be $ 240-300 ha fy
or a ratio of 1:46 to 1:57.

s~

The economic analysis clearly shows that the bene~ft to be gained by
frost avoidance of unsuitabl e sites is $ 225/ha/y . ~I selection of
a more favourabl e site shows a benefit of $ 46-57/oc/ y . Those benefits
do not take into account the effect of frost or indeed low temperatu res
on fruit quality, or the possible effect of extreme climatic events on
the avocado tree. Furthermo re, no credit has been given to the
topoclima tological infrastru cture provided for detailed frost
forecasti ng and protectio n.

TABLE OF BASIC DATA
AREA OF AVOCADO PLANTATIONS

16.000 ha

INVESTMENT IN PLANTATION (ha)

u.s

$

14.430

ANNUAL CAPITAL RETURN

u.s

$

1,183

AVERAGE YIELD/ha- 1

7.000 kg

COST OF NATIONAL FROST ATLAS

u.s

$

2,800,000

ANNUAL AVERAGE FARMERS INCOME
PER HECTARE OF AVOCADO

u.s

$

5,600

YIELD (t/h- 1 ) REDUCTION PER 1oC
BELOW O.OaC

2.500 kg/ha

AVERAGE REGIONAL FROST PROBABILITY

1 IN 4/5 YEARS

-1
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Economic benefits evaluation of hydrometeorological services
in the Russian Federal Service for Hydrometeorology and
Environmental Monitoring (Roshydromet) taking into
account changes in country's economy
Mr A.J.Bedritsky (Russian Federation)
A crucial problem facing any national hydrometeorological serviceis to minimize environmental damage
- to increase the efficiencv of the
economy by rationally utilizing environmental
factors.
~

The Russian Federal Service for Hydrometeorology
and Environmen tal Monitoring
(Roshydromet) is the main administration in the
country that provides the Government, Department of Defence, Department of Economy,
population and mass-media with all kinds of
hydrometeorological and heliogeophysical information and environmental pollution data. The
Roshydromet is to act as a national coordinator
for climate change problems including supervision of commitments to be fulfilled by the
Russian Federation in accordance with the
framework UN Convention concerning climate
change.

types of final analytical production are being
prepared and made available to users within the
Roshydromet system. Leo prognostic and routinereference information.
The experience gained shows that the information
on hazardous hydrometeorological phenomena
and abrupt change of weather conditions yields
the highest economic effect, since it assists
in taking precautions against possible damage.
Modification of hydrometeorological processes
of different scales is also effective enough. To
prevent the exposure of agricultural crops to
hail, anti-hail activities were instituted more
than 30 years ago, and they cover by now 1.8
mln ha of the Russian Federation area. Antihail experience shows that the average
efficiency is no less than 75%.
This implies a three-to-four-fold decrease in hail
damage over the protected area, as compared to
many-years mean damage observed over the
same area before anti-hail activities started.

By volume, kinds and types of hydrometeorological products arrived in the Roshydromet, it
is a unique Service that provides obtaining of 27
types of data from ground-based network
including the following data: meteorological,
aviameteorological, actinometric and heat balance, aerological, radio-meteorological,
agrometeoro logical,
four
types
of
heliogeophysical, six types of hydrological data,
three types of marine data, six types of
environmental pollution data, etc.

The change of the Russian economy structure
and introduction of market principles result in a
prerequisite for developing special hydrometeorelated services oriented to a specific user who
is interested in using efficiently hydrometeorological information to achieve the greatest
possible economic result.

The Roshydromet provides development and
operation of Russian routine meteorological,
oceanographic and natural resources-related
space systems.

Thus, the increase in efficiency of using
hydrometeorological information in different
branches of the country's economy is a highpriority problem facing the Roshydromet.

From various kinds of initial observations, two

Studies for evaluating the economic efficiency
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of hydrometeorelated services of users were
initiated by the Roshydromet in 1968, after the
appropriate decree of the Government was
enacted for all branches of the economy.
This activity took the following major paths:

- first, the evolution of scientific research on
developing economic-meteorological models for
the most suitable decisions to be made based on
hydrometeorological information;
- second, the evolution of applied science involving a
considerable number of works related to the use of
climatological information and meteorological forecasts in different
od
branche s
economy;

greatest extent. Therefore it is these major
branches of the economy which account for
nearly all losses prevented due to the use of the
hydrometeorological information in proper time
and in full measure.
Diagram 1 shows the arrangement of branches of
the economy according to the impact level of
weather factors for the operation of branches. It
is evident that agriculture ( 60% of damage of
the total index for the economy as a whole) is

Arrangem ent of branches of economy according to
a size of damage by natural hydrometeorological
phenomena (in persentage of total damage for all
branches)

%

. . . .,"".,_ '' ,-,.nl3n.''
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environment and
thus exposed to
hydrometeorological factors to the
greatest extent.
Public service,
power transpor t
and civil engineering account for almost equal levels
of damage (9.0%
to 6,8%).

The effect of
- third, the devel''weather factors''
opment of methon the economy is
ods for evaluating
1-Agricultur e, 2-Power, 3-Communic ation, 4-Transport , 5-Public service, determined by the
the economic ef6-Forestry, 7 -Civn engineering, 8-Fuel-power system
integral value of
fect of the use of
losses (damage).
hydrometeorological information in
In the remaining branches (communication,
the economy, taking into account the sensibility
of different branches of the economy to weather forestry and fuel-power system) the damage is
much less.
conditions and the losses resulted from
unfavourable weather conditions.
Taking into account the climate change information made available from the Roshydromet in
It seems evident that the operation of nearly all
proper time, when making government-level
production and economic sectors of the
decisions, will make is possible to take preveneconomy is related to the state of the environment. However, this relationship is different tive measures which can contribute to substanin each specific case, and this is primarily tial reduction in costs of fighting serious
impacts of climate change. Besides, in the
accounted for by the character of production.
context of fulfillment of Russian commitments
Agriculture, fuel-power system, transport, civil within the framework UN Convention as to
engineering, forestry, and public service are climate change, of great importance is the
exposed to weather and climate conditions to the assessment of possible results of responding to
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climate change of the branches of the country's
economy. The optimal line the economic
development of the country under changing
climate can be chosen based on this assessment.
Research efforts made by research institutions
of the Roshydromet showed that the increase of
the global surface temperature on the territory
of Russian Federation during the period up to
2060-2080 will result in the following: increase
of the average number of droughts; redistribution of territories covered by forests; reduction
of electric power production by hydro-electrical
stations due to river flow regime change; melting
of soil upper layers in the permafrost area, that
will complicate capital construction in northern
regions. Possible climate change will affect
other branches of economy as well.
Results of decisions taken in economy on the
basis of hydrometeorological information are
estimated in terms of economic, social and
ecological benefits. The damage prevented due to
timely preparation of dangerous hydrometeorological phenomenon forecast and prompt
delivery of it to users and due to
corresponding preventive measures is recognized as the basic characteristic of economic
benefit from use of hydrometeorological information. The analysis of prevented damage
shows that probable economic losses might be
reduced up to 40% on the average by means of
timely use of hydrometeorological information.
The ratio of economic benefit from use of
hydrometeorological information to expences
on hydrometeorological service can be used to
estimate the economic efficiency of hydrometeorological service system. The average index of
this ratio amounts to 6,5, for some branches of
economy it reaches 10-15.
In recent years techniques
of complex
assessment of economic benefit from use of
hydrometeorological information were developed by the Roshydromet. They are for practical
application and of multipurpose character to
solve the problems of economic benefit from

use of various types of hydrometeorological
information for specific branches of economy.
The principle of calculation of economic
benefit for various branches of economy and
selection of the most efficient way to use
hydrometeorological information is said to be
the important peculiarity of these techniques.
At that the benefit of the decision taken on
the basis of obtained hydrometeorological
information is estimated by its impact on the
efficiency of a branch of economy or of a specific
enterprise functioning, i.e. the difference of
benefits before and after implementation of
the decision. These techniques allow to provide
good economic reasons for the selected way of
actions and to generalize the system taking
economy-related decisions considering actual
economic benefit both for specific users of
hydrometeorological information (a branch of
economy, institutions and enterprises
of
different forms of property) and for economy
of the country on the whole.
Such techniques introducing a generalized
index to analyze and estimate economic benefit
when economy-related decision is taken with
regard to hydrometeorological information
appear to be essentially new and so far were not
considered in foreign papers.
Some materials concerning warnings provided
by hydrometeorological service against natural
hydrometeorological phenomena and sharp
weather changes as well as measures taken to
prevent ·damage have been analyzed by the
Roshydromet to estimate economic and social
benefits from use of hydrometeorological information.
Such dangerous phenomena as a heavy flood,
a strong wind, early autumn and late spring
frosts, a drought, heavy rains , glaze ice and rime
deposits are considered to be the most damagecausing for economy.
Some practical examples of economic benefit
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from hydrometeorological service with special
attention to prevented damage seem to be of
interest.
Timely warnings against heavy floods on the
majority of Russian rivers in 1994 made it
possible to take necessary preventive measures
to reduce damage. In particular, recommendations of the Roshydromet to control flood
discharge in Volga and Don basins promoted
coiTect, economically reasonable, water-related
decisions. It allowed to diminish the flooding
zone, and economic benefit amounted to $US 15
mln.

Use of mean daily temperature forecast in
Rostov Region only, permitted to get economic
benefit of $US 12 mln. for the heating season of
1993-94.
Successful forecast of frosts in May 1994 in
Omsk Region allowed to postpone early
vegetables planting. Prevented damage amounted
to $US 1.5 mln.
Disregard of forecasts and storm and strong wind
warnings provided by the Roshydromet for
Novorossiisk airport in November 1993
resulted in considerable economic losses. The
consequences are as follows: 7 ships sank, 3
ships were casted ashore, 2 tankers collided,
heavy icing of ships occuiTed.
Changing economy, market formation, form-ofproperty and structural change have a considerable impact on information activities in the
country.
Conversion to market economy provokes free
movement of information products and services,
those in hydrometeorological sector including.
Emerging pre-conditions to form the united
information market require economic efficiency
raise of the Roshydromet.
Adaptation of hydrometeorological service to
new economic conditions and increase of
hydrometeorological organizations financial

stability are possible by means of expanding of
direct ties with user-organizations on a contract
basis, at that Federal financing should be kept as
a fundamental principle.
Development of specialized hydrometeorological services on a contract basis is closely
connected with such things as: formation of
hydrometeorological products and information
services market; development of its functional,
commodity and trade patterns; development of
price formation procedures; establishing of
information marketing and market strategy
complex; formation of market infrastructure;
establishing of marketing department within the
Roshydromet system. Marketing system requires
the most serious revision of hydrometeorological products and information services including
their cost price, user demand, completeness and
quality, ways of delivery, practical use. It is
caused by user desire to get not just information
characterizing environmental conditions but a
ready-made information product promoting definite decision bringing economic benefits greater
than expences on information and preventive
measures.
Economy conversion caused a decrease of user
demand on traditional information products and
services rendered by the Roshydromet (60% of
pre-reform period), but at the same time new
users (numerous commercial and state structures) appeared. The Roshydromet develops new
approaches to
and adapts well-known
and marketing
assessment
economic efficiency
activities. It also tries to educate users with
. .P
respect to their hydrometeorological requirements and benefits from use of hydrometeorological information as consultative activities
containing elements of operational recommendations. The necessity to study user specific
requirements for hydrometeorological products
and changing user demand on information as well
as working out of recommendation to raise
economic benefit from use of hydrometeorological information are obligatory for development
and improvement of hydrometeorological services.
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ROLE AND BENEFITS OF INFORMATION OBTAINED
FROM NUCLEAR APPLICAT IONS IN WATER SCIENCES
Y. Yurtsever

Departmen t of Research and Isotopes
Internatio nal Atomic Energy Agency (IAEA)
Vienna-A ustria
EXTENDED ABSTRAC'l'

Methodolog ies based on the use of isotopes in a wide spectrum of
hydrologic al problems encountere d in water resources assessment ,
establishe d
developmen t and management activities are already an
and proven
,
Hydrology"
"Isotope
as
recognized
discipline
scientific
methods are presently employed as an integral part of water resources
investigat ions and environmen tal studies. Together with the techniques
for water tracing
based on the employment of radioactiv e isotopes
in-situ
for
sources
e
radioactiv
sealed
of
use
and
purposes
measuremen ts related to water movement, they comprise the overall
field of "Nuclear Techniques in Hydrology" .
During the last three decades, the Internatio nal Atomic Energy
Agency (IAEA) has been directly involved in efforts directed towards
research and developmen t of nuclear techniques in water sciences, and
their actual field applicatio ns, and has acted as an internatio nal
scale focal point for disseminat ion of informatio n and promoting their
wider scale use, within the framework of its activities related to
peaceful nuclear applicatio ns.
The potential role and contributio ns of isotope methods in water
resources sector can be grouped into the following general categories :
- determinat ion of physical parameters related to flow, its
dynamics and structure of the hydrologic al system,
- delineatio n of processes involved in transport and circulatio n
of water (Process Tracing),
- study of origin (genesis) of water,
- determinat ion of mixing ratios of component flows (Component
Tracing),

- study of "Time-scal e" of events.
The use of naturally occurring isotopes often referred to as
has the distinct advantage of
Environmen tal Isotope Methodolog ies
facilitatin g the study of water movement on much larger temporal and
spatial scales than possible with intentiona lly injected tracers,
which are often used for site-speci fic, local-scal e engineerin g
of
variations
temporal/s patial
and
production
The
problems.
environmen tal isotopes in the hydrologic al cycle cannot be controlled
by the investigat or, and they are the result of different natural
processes. However, hydrologic al inferences can be made on all of the
above cited types of applicatio ns, through observatio ns to be made of
their concentrat ion distributio ns in a given hydrologic al system.
Therefore, environmen tal isotope methodolog ies are quite commonly
employed in regional-s cale studies in water resources.
11

11

-
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Specific types of informat ion that can
applicat ions of natural isotopes in hydrolog y are:

be

obtained

from

- system boundari es,
- hydrauli c disconti nuities and stratific ation,
- hydrauli c intercon nections ,
- origin (genesis) of water,
- process and rate of replenish ment of groundw ater,
- source and process of saliniza tion,
- mixing proportio ns of componen t flows originat ing from
differen t sources,
travel times involved in groundwa ter flow, and distribu tion
of travel times, covering a time scale of up to 40 000 years
(age-dati ng of groundw ater),
- dynamics of geotherm al waters,
- rainfall- runoff dynamics and processe s
- water balance of lakes and reservoi rs
- soil erosion and reservoi r siltation rates
- paramete rs related to mass transpor t characte ristics,
most relevant to pollutan t transpor t mechanism s and
required for water pollutio n manageme nt.
A substant ial amount of backgrou nd data and experien ce has been
acquired in the applicat ions of environm ental isotopes in hydrolog ical
sciences so as to understa nd the cause/ef fect relations hips of their
occurren ce and distribu tion. Characte ristic features of the isotopeinput into the hydrolog ical cycle have been mainly derived from
systemat ic data collecte d from monitori ng carried out since 1960 on
isotope content of precipit ation within a global scale WMO/IAEA
network of precipit ation stations .
The most commonly used stable isotopes of 0-18 and H-2
(Deuteriu m) shows temporal and spatial variation s due to isotopic
fraction ation occurrin g during phase changes, i.e. evaporat ion and
condensa tion, which is mainly a temperat ure dependen t phenomen a. The
isotopic change thus induced is a conserva tive property of the water
during its transpor t, and it is a finger-p rint of the history of the
processe s
involved
in
its
formation
and
circulat ion.
Among the environm ental radioact ive isotopes , H-3 (Tritium ), with a
half-lif e of 12.43 years; and C-14, with a half-lif e of 5730 years are
the most frequent ly employed isotopic species for study of water
movement in "Time" domain, and also providin g a dating method for
determin ation of the age of groundwa ter.
Artifici al tracer applicati ons
involve
injection of minor
quantity of radioact ive isotopes to trace water movement , and this has
distinct advantag es for some specific applicat ions due to the very
high sensitiv ity of detectio n.
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Typical applicat ion areas of radioact ive tracers are:
Investig ation of seepage and leakage losses from reservoi rs,
- in-situ study of sediment transpor t dynamics in coastal sites
and estuarie s, both for bed-load and suspende d load transpor t,
- measurem ent of groundwa ter flow velocity and directio n in
borehole s (single well dilution techniqu es),
-measure ment of aquifer paramete rs (multi-w ell techniqu es),
- study of moisture movement in the vadose zone,
- in-situ determin ation of mass transpor t paramete rs (dispers ion
coeffici ents, retardat ion paramete rs, etc.), both in surface
and groundwa ter systems for pollutan t transpor t studies.
The last group of methodol ogies concerns the use of sealed
radioact ive sources for in-situ measurem ent of certain hydrolog ical
paramete rs, and the following nucleoni c gauges can be cited:
- neutron- moisture gauge,
- nuclear well-log ging methods,
suspende d sediment gauge for continuo us monitori ng in rivers,
- snow water-eq uivalent measurem ent gauge.
The paper provides an overview of the type of hydrolog ical
informat ion that can be obtained from nuclear applicat ions in water
sciences and environm ental studies. The role and benefits of such
hydrolog ical informat ion in specific studies are illustrat ed. Summary
informat ion on the activitie s of the Internat ional Atomic Energy
Agency and future programm: e componen ts in this field is given.
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THE BENEFI TS TO AVIATIO N OF IMPROV ED METEO ROLOG ICAL
FOREC ASTS
Dr M C Fairbanks, Dr D G Mitchell and R J M Sweet
Smith System Engineering Limited, Surrey Research Park, Guildford,
Surrey, GU2 SYP, UK
Civil aviation depends critically on the provision of meteorological services and is the
largest paying civil customer - by a factor of about twenty - of the UK Meteorological Office (the
Met Office). Through the UK Civil Aviation Authority (CAA) it is also a major sponsor of research
at the Met Office.
This paper is based on an initial study of the benefits to aviation that might accrue through
improvements in Met Office services as a result of the Met Office's 'CORE' research and
development (R&D) programme. The assessment of benefits was restricted to commercial
operations to or from the UK which contribute, via the CAA, to the Met Office R&D programme.
One of the objectives of the review was to find where further work would be necessary to
establish 'high payback' areas for future research.
The first phase of the study comprised collating a comprehensive statemen t of the
aviation uses of meteorological data through an extensive consultation with users. In parallel
with this, the Met Office was consulted in order to highlight the goals of its R&D programme that
are relevant to aviation, and to determine, where possible, the likely improvements in services
as a result of the R&D programme.
The latter part of the study involved quantifying, where possible, the benefits to aviation
of these improvements in services and providing a qualitative statement of benefits for areas
where it was not feasible, with present information, to produce robust, quantitative results.
These latter benefits should be considered as possible but unproven.

Civil aviation requirem ents
Civil aviation can be categorised into three main classes: commercial air transport involving
the transport of passengers, freight and/or mail; aerial work in which an aircraft is used for
specialised services, such as crop spraying and surveying; and general aviation (GA) covering
aircraft other than those engaged in commercial air transport or aerial work.
All safety-related requirements are of the utmost importance to aviation, although there
are different emphases and priorities for different users. However, for all types of user, accurate
information on low-level hazards (eg, windshear/microburst) is vital since loss of control of the
aircraft near to the ground can have potentially catastrophic consequences. In addition to data
on low-level hazards, commercial air transport requires information on air turbulence and on the
distribution and type of volcanic ash clouds in the atmosphere. The aerial work· and GA
communities also require information on local weather conditions, particularly poor visibility.
Flight planning data form the major operational aviation requirement for meteorological
information. Data are needed for all aspects of the flight, from low-level wind and temperature
forecasts, through to upper-air (30,000ft to 40,000ft) forecasts of wind and temperature, which
can affect the route that is chosen and the amount of fuel that is loaded onto the aircraft. The
main improvements required in flight planning data relate to commercial air transport needs. In
particular, more accurate forecasts of the position and strength of the various jet streams are
required, notably for the North Atlantic jet and for the South-West Asian jet. For supersonic
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aircraft, such as Concorde, errors in wind forecasts have much less of an effect on operations,
but the fuel burn is very sensitive to upper-air temperature.

Met Office CORE research and development programme
The Met Office is an established 'centre of excellence' that provides high-quality forecasts
utilised by aviation users world-wide. Indeed, the aviation users of meteorological data that were
contacted during this study were, in general, happy with the quality of service that is provided by
the Met Office on behalf of the CAA. However, they are, in general, concerned with the costs to
them.
The CAA currently pays for approximately £2.1 M of CORE R&D at the Met Office.
Approximately £1.1 M of this is used to maintain operational systems, such as software, and to
adapt to changes in the global observing system. The remaining £1 M is used to improve
products. Because of the nature of CORE R&D, it is very difficult to quantify how any particular
research project would affect a particular Met Office service or product, as the inter-relationship
between different projects is often very complex. Therefore, to determine the annual benefits
to civil aviation, it was assumed that the accuracy of upper air wind forecasts (the most important
output for commercial flights) would irnprove by 3% per annum - the Met Office target.
Historical verification figures for this type of forecast suggest that the 3% annual target
represents the upper-bound of achieved improvements.

Benefit analyses
The main operational benefits resulting from Met Office R&D are generally believed to be
in respect of wind forecasts for long flights. A simple analytical model has therefore been
developed to quantify the operational benefits arising from more accurate upper-air wind
forecasts. These forecasts mainly affect the cruise section of flights and therefore the model is
most applicable to operations involving cruise sections that dominate the flight's duration, ie
oceanic and trans-continental flights. The model is a very simple one: it does not include any
seasonal variability in meteorological conditions, such as the wind speed of jet stream cores.
The principal areas of benefit that have not been dealt with quantitatively are:
•

improved forecasting of hazards (see discussion below);

•

the effect of improved TAFs on operations·, particularly flight planning - although this is
currently under investigation (McFarlane, 1994);

•

advice on the best way to mitigate the effect of aircraft emissions on the environment
(benefit calculations would be premature as research in this area is at very early stages).

More accurate forecasts of meteorological hazards are constantly being sought. However,
relating a reduction in the risk of encountering hazardous conditions to improved forecasting of
that risk relies on an extremely complex logical chain, and, at present, there is no validated
method of quantifying the safety benefits of improved forecasts. Also, as the aviation industry
becomes aware of new hazards, such as volcanic ash clouds, it introduces improved systems or
operational procedures to minimise the risk. This will, to an extent, tend to negate the benefit of
improved forecasts. Aircraft involved in aerial work and GA operations do not, in general, have
the same all-weather capability as larger aircraft, such as de-icing facilities, and could therefore
be more vulnerable in poor weather conditions. lt is likely, therefore, that these sectors would
benefit most from more reliable data on significant weather. However, the vast majority of aerial
work and GA operations are conducted under visual meteorological conditions.
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Quantitative benefit analyses
The following operations were examined to determine the benefits of improved upper
wind forecasts:
•

flights between the UK and North America;

•

flights between the UK and SE Asia;

•

flights between the UK and continental Western Europe;

•

UK domestic flights;

•

Concorde operations.

The assessment of benefits was restricted to commercial operations to or from the UK
which contribute, via the CAA, to the Met Office R&D programme, although it is accepted that
most of the world's major airlines use the UK-produced forecast grid-point data. For each of
these operations (except Concorde), three types of benefit were considered:

•

route selection: by taking advantage of strong tailwinds and avoiding headwinds, the
ground speed of the aircraft can be maximised, with resultant fuel savings. A major caveat
on these benefits is that many operations, particularly in Europe, are constrained by ATC
route structures - in place to assure maximum safe throughput of traffic - and thus cannot
benefit fully from more accurate knowledge of the position and strength of strong winds.

•

fuel loading: once the route has been selected, the correct amount of fuel as
determined, inter alia, by the forecast wind, must be loaded onto the aircraft. If too little fuel
is loaded, the aircraft may be forced to divert en-route. If too much fuel is loaded, some of
this will be burnt-off in order to carry the extra weight of the aircraft.

•

contingency fuel: at present, in the order of 3-5% extra fuel is carried to account for
uncertainties in both meteorological forecasts and ATC-related constraints. Reducing the
amount of contingency fuel - without, of course, any increase in the number of en-route
diversions - would result in savings. The extent of any benefit is strongly dependent on the
fraction of the contingency fuel that is carried to account for non-weather-related factors.

Some of the flights on UK-SE Asia routes can be payload-limited, so that very large
benefits might accrue to them from increasing the amount of cargo that is carried. From the user
survey, it is known that Boeing 747-400 operations (about two thirds of the current traffic) are
not payload-limited but that 747-100 and 747-200 operations can be. lt was not possible during
the study to obtain sufficient information to determine the percentage of flights on these routes
that are payload-limited - some of this information is commercially sensitive. However, since the
study was completed, the Met Office attempted to determine more precisely the fraction of
payload limited flights on UK-SE Asia routes (Flood, 1994). Their studies have indeed shown
this to be about 33%. This has a substantial effect on the benefits, as discussed below.

Annual benefits
Using the present accuracy of upper-air forecasts, and a continuing 3% pa target figure for
improvements in accuracy, Table I shows the annual benefit to aviation from the current year of
Met Office research under two assumptions: firstly that no flights on the SE Asia routes are
payload limited (the original assumption) and secondly that 33% of flights on this route are
payload limited (the figure found in the more recent Met Office study). Assuming a 3% pa traffic
growth and an 8% discount rate, the Present Value of a year's research is therefore between
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£4M and £21 M. The cost to the airlines of this research is approximately £2.1 M. Even in the
worst case, this appears to be a reasonable payback. Table I shows to whom these benefits
accrue.
TABLE I
Quantified annual benefits to civil aviation from one year's research meeting the 3% accuracy
improvement target
Route
UK-SE Asia
UK - N America
UK - Continental Europe
UK domestic
TOTAL

0% payload limited on SE
Asia routes
£0.07M
£0.13M
£0.02M
-0
£0.22M

33% payload limited on SE Asia
routes
£1M
£0.13M
£0.02M
-0
£1.15M

To determine more accurately the possible benefits to aviation from research, it is
recommended that, in order of priority:
•

the fraction of flights to SE Asia (and other long routes) that are payload-limited, and airline
practices on contingency fuel, are determined (it could be that the airlines could secure
large benefits from better wind forecasting if they adopt particular operating practices). The
fraction of flights which are payload limited will need updating as 747-100s and 747-200s
are being phased out of operations and newer aircraft such as A340s are entering service;

•

the benefits of improved T AFs, in particular to flight planning, are studied (this is being
carried out (McFarlane, 1994));

•

the benefits of improved forecasting of hazards are investigated;

•

the effects of ATC-related constraints on the calculated benefits are analysed;

•

the effect of seasonal variations in both meteorological conditions and in airline operations
on the benefits that have been calculated are determined.
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HYDROLOGICA L SERVICES (GENEVA, 19-23 SEPTEMBER 1994)
THE INTER-DEPENDENCE OF FLOOD DEFENCE ON METEOROLOG ICAL
FORECASTING IN ENGLAND AND WALES
Christopher J. Birks
Head of Flood Defence
National Rivers Authority
United Kingdom
1.

HISTORICAL PERSPECTIVE

When we think of the water environment, most of us would conjure up a vision of an
unspoilt river in its natural state, meandering across open countryside, its banks rich with
flora and fauna, its waters teeming with aquatic life. In fact, very little of our water
environment remains unaffected by human activity. Alterations to rivers probably started
with forest clearances about 3000 BC. The subsequent development of water milling,
navigation and drainage and irrigation systems caused major and lasting changes in the shape
of rivers and habitat, and vegetation.
An examination of the map of England and Wales will reveal that many of the major centres
of population have been built adjacent to rivers or the coast. This is not really surprising
given the need for supplies of drinking water, the lack before the last century of any other
transportation method for goods and the ready supply of food that rivers and the sea offered.
The residents of such areas either knowingly or unknowingly accepted the risks. Waterlogging and flooding were common occurrences and one of the many risks associated with
life.·
Despite these hazards, attempts were made to protect and drain land with many recorded
examples of early works constructed by the Romans to protect particularly from sea flooding.
It is however in the frrst 200 years of this millennium that activity started to increase, often
associated with the growth in size and power of monasteries and other religious institutions.
The pace of this work has continued to accelerate since then with evolving legislation and
fmancial and institutional arrangements.
2.

GEOGRAPHICA L CHARACTERISTICS

The total area of England and Wales is some 151,500 km 2 with a population of
approximately 51 million. In general terms the north and west of the country is dominated
by high ground which is subjected to long term average rainfalls in excess of 1300
millimetres. The south and east is low with little land over 150 metres above sea level and
average rainfall in this area is 600-800 millimetres per year. The coastline is some 4250
kilometres long with significant lengths of high, rocky cliffs in the west and large areas in
the south and east below sea level. Over 825,000 hectares of land lie below high tide level.
The shape of the country and its coastline is a by-product of the Ice Age. The retreating ice
scoured deep valleys in the mountains and hills and deposited material over vast areas. In
the predominantly damp areas in the lowlands, peat has formed and many other areas are
covered by alluvium from the frequent inundation from the sea and by rivers.
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The ice created a further problem from which the country is still recovering. Its weight had
forced the northern half of the island to sink, a process which is now in reverse. This rate
of change is as high as 50 cm per century. in parts of the south east as the land falls relative
to the sea. This is additional to any sea level rises associated with global warming and
climatic change.
The rivers of the north and west are characterised by short, steep upland catchments whereas
the south and east are more predominantly associated with slow, meandering lowland rivers.
The areas below high tide level are criss-crossed by a network of artificial, man-made rivers.
Likewise, the coastline varies from high, rocky cliffs to long lengths of artificial banks
holding the sea at bay. A total of 1260 km of sea defences protecting low lying areas.

3.

FLOODING PROBLEMS

The weather pattern of the United Kingdom is dominated by Atlantic low pressure areas
which, although bringing a general mild climate, also give periods of heavy frontal rain.
These same conditions generate tidal surges and are often accompanied by high winds.
The proximity to the European Coast generates summer thunderstorms and the highest daily
recorded rainfall of 255 millimetres occurred not in the mountains of the west and north as
might be expected, but in central southern England during such a convective storm.
· The area at risk from flooding contains more than 800,000 houses and over 2,000,000 ·
people. There are some 90,000 commercial properties and 1,200,000 hectares of agricultural
land protected by flood defences. These represent the. wide spectru'm covered by the short,
steep upland catchment and the slow, meandering low land rivers. Flooding from the former
is associated with heavy intense rainfall sometimes over short periods, whilst the latter
respond to rainfall from prolonged events often falling on wet catchments. · Some major
floods have occurred when a rapid thaw of lying snow is accompanied by a warm front
bringing significant rainfall.
Inundation by rivers has become increasingly damaging as long-established settlements have
expanded rapidly following the industrial revolution. Much floodplain encroachment
occurred during the 19th and early 20th century, periods of rapid urbanisation with little
attempt at town planning, and the channels of many major rivers are extraordinarily
restricted. Such development is occasionally flooded but is generally not swept away or
subjected to repeated severe inundation. There have been exceptions in the form of flash
floods in narrow valleys, the most notable of which was the 1952 flooding of Lynmouth in
Devon with the loss of 30 lives.
In comparison, the· 1947 flood affected large parts of the British Isles, but no lives were lost
as a result. After several weeks of cold, frosty weather following heavy snowfall, a rapid
thaw took place. Many thousands of properties in lowland Britain and tens of thousands of
acres of agricultural land were inundated as river levels slowly rose. For many parts of
England this flood forms the benchmark being the highest well documented flood with an
estimated likelihood of recurrence once in every 60 years.
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On the coast, the problem .is markedly varied. The Severn Estuary and Bristol Channel has
a tidal range in excess of 13 metres, the second highest in the world. Intense low pressure
areas serve to elevate sea levels and the coincidence of high spring tides and these
meteorological surges can bring flooding to low lying areas.
Other parts of the west coast, although having smaller tidal ranges, suffer similar fates. On
the east and south coasts, the tidal range is usually 3 or 4 metres. Surges of over 2 metres
can be generated and flooding is again the inevitable result.
The conditions needed to generate tidal surges are also usually those which lead to high
winds and heavy wave action. On the 31st January 1953, 307 lives were lost on the east
coast of England as a consequence of a flood arising from a tidal surge. In all cases waves
substantially worsen the situation, not only by causing a further rise in sea level, but by
threatening the breaching of natural and artificial defences. Many of the lives lost in 1953
were due to the failure of defences and the rapid inundation which followed.
Increasing urbanisation has lead to an escalating flood damage potential from the surcharging
of storm drainage systems. Storm sewer or drainage problems may well present more a
national problem in the long term than riverine flooding as much of the British. sewerage
system is seriously neglected. However, the consideration of such problems is outside of the
scope of this paper as responsibility for sewerage systems rests with the privatised water
companies.

4.

METEO ROLOG ICAL AND HYDRO LOGICA L FORECA STING

This brief examination of the flooding problems demonstrates the wide range of natural
conditions which contribute to the large spectrum of differing concerns. In almost every
case, the high degree of urbanisation in river valleys and along the coast has served to
compound the impact of flooding thus involving ever increasing numbers of people and
property.
Although flooding cannot be avoided the impacts can be substantially reduced by accurate
and timely weather forecasts and the appropriate use of hydrological models. A good
example can be found in the Storm Tide Warning Services (STWS) which was first
established following the 1953 East Coast Floods. With the increasing development of
models to predict tidal surges and wave conditions based on improving global weather
forecasting models, a concomitant warning service has developed. The information from
STWS is interpreted locally before detailed warnings are issued but in reality without the
information from STWS, few warnings could be issued.
Likewise for riverine flooding, the UK Meteorological Office and the NRA have jointly
established a weather radar network. The detailed spatial information is used in real-time
to supplement weather forecast inputs to rainfall/runoff hydrological models to predict
subsequent river levels. In many areas, the use of weather radar data remains the only
means of providing warning of impending flooding. For those areas where flooding occurs
many hours or days after rainfall, hydrological flood routing is a vital component of flood
warning systems.
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It would be wrong to concentrate entirely on flood warning to underpin the importance of

meteorological and hydrological forecasting. The NRA invests over £130 million each year
in new or improved flood defences. The design of these defences requires both an
understanding of past weather conditions and flooding, and an appreciation of future changes.
If this analysis is incorrect then at best money is poorly invested in over designing defences;
at worst the public are mislead into believing they are protected when they remain at risk,
aibeit reduced. Neither outcome is satisfactory.
Floodplain mapping is becoming an increasing Iy important activity. It provides an
opportunity to influence development proposals to prevent buildings being constructed in high
However, it reljuires an excellent
risk iocations or worsening flooding elsewhere.
understanding of the hydrology and hydraulics of river systems to model flood envelopes.
Without this evidence it is difficult to achieve the influence sought.
Throughout the whole spectrum of flood defence activities, the influence of weather and
hydrological forecasting is keenly felt. Past flooding events have led to serious consequences
and sometimes loss of life when the events were not foreseen. The continuing integration
of meteorological forecasting and the use of hydrological models can only serve to reduce
these risks still further.

5.

CONCLUSIONS

It would be possible to determine the economic benefits to Flood Defence from good

meteorological and hydrological forecasting. However, in the content of this paper which
looks at the entirely of flood defence activities some general conclusions will suffice.
The paper has demonstrated the integrated nature of this forecasting with Flood Defence.
With the annual expenditure by the NRA in England and Wales exceeding £230 rnillion and
the need for that expenditure to be fully justified, it could be argued that these benefits can
only be derived with high quality meteorological and hydrological forecasting. Although this
may overestimate the value of the forecasting it does serve to illustrate the value of these
services.

714a!DB.C2
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The case of hail-suppression activities in Hungary
Ivan Mersich
Hungarian Meteorological Service
P.O.Box,JS.H-1525 Budapest, Hungary

Introducti on
When it is all the vogue in the world to introduce commercial meteorological services
there may be a case for some cautioning remarks. In particular, it is useful to remind ourselves
of the fact that any commercial enterprise may depend on some changeable external factors
(such as fluctuating market forces, or certain sets of even more transient government policies).
Also, it is good to remember that there is a natural desire in all governments to achieve savings
in their budgets, for which ministries of finance eagerly pounce upon any chance to use
alternative sources of funding if such sources appear to be available. The combination of the
above two facts, as we had to learn this, may become a source of an acute crisis in the life of a
National Meteorological Service.
I believe this problem is not new for the world community of meteorologists (after all
we all have seen some edifying examples during the last few years). Nevertheless, the example
which I intend to show here may be interesting for the participants of this meeting. This
example pertains the case history of the Hungarian hail-suppression system which was
established in the mid-seventies by the Hungarian Meteorological Service (HMS) to cover the
Pecs-Mecsek red-wine area in South Hungary.
Before going into this case history, however, it is probably necessary to mention that
the HMS operates fully institutionalized commercial services covering all types of weather
forecasts, climatological information and expert advice. Most of these services proved to be
viable and successful, and also fully self-supporting. Therefore, the negative example of our
hail-suppression system should not be interpreted as an argument against commercial services
in general. Rather it should be taken just as an argument for a cautious and foresighted
planning of such activities.

Why and how became the hail-suppression system a risky undertaking?
The creation of the hail suppression system was a result of an interpellation by the
agricultural lobby in the Hungarian Parliament in the early seventies. After the debate the
government was requested to make the necessary arrangements. The system was to be based
on an adaptation of a Soviet methodology and anti-hail rocket technology. At the beginning it
was a successful venture and it was beneficial for the tecnical development of the HMS.
But the government was not willing to provide funds for this project within the Regular
Budget of the NMS and, therefore, a rather unique financial construction was invented. The
agricultural co-operatives and state farms in the area in question were ordered to take out an
anti-hail insurance policy with the State Insurance Company. The latter, in turn, was directed
to provide the funds for the whole operation. The first hail-suppression system (covering about
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2oo.ooo ha.) consisted of 15 rocket launching sites and a special weather radar station. In the
min-eighties a second system was esstablished along the same lines in a neighbouring area also
in South Hungary.
The ralionship between the State Insurance Company (funding agency) and the HMS
(executing agency) was defined by government directives. The Insurance Company accepted
the funding agency role as a gesture of "good will" and not because they hoped to achieve
substantial profits. Therefore, at that stage, they did not consider it necessary to clarify the
terms of their own financial interest. Consequently, there were no efforts made between the
Insurance Company and the HMS to develop a mutually agreeable way of calculating the costs
and benefits, or the ultimate efficiency, of the operation. As it will be seen later, the two
agencies applied very different assumptions in their respective calculations.
Thus the whole financial construction depended on a rather volatile government policy.
Wellknowing this it was understood that in dcase of an argument between the Insurance
Company and the HMS the Ministry of Finanace had the right to intervene and to make
decisions. Because of this external dependence a certain risk was present already from the very
beginning. However, the turning point, when risks became dangerous indeed was reached wen
the government decided to withdraw certain part of the Regular Budget of the HMS and
directed the HMS to supplement the missing funds from the income to be generated as
overhead charges on the hail-suppression operation. As a result of this decision, by the
mid eighties the salaries of about one third of the entire staff of the HMS were paid from this
alternative source. Also, about one third of the total budget of the HMS that served for the
maintenance of vital infrastructures and basic services became dependent on the
hailsuppression system. The fragility of this arrangement was fairly obvious from the beginning
but there was no way of changing the course. The situation gradually became precarious. At
that later stage the lack of agreement on the methodology of estimating the efficiency of the
operations became a major source of tension between the Insurance Company and the HMS.

The two ways if calculating the efficiency

For the Insurance Company the critical factor was its own cost/benefit ratio in judging
the business activity. Their approach was justified by two facts: (1) the Insurance Company did
not receive any financial state support to carry out this activity, and (2) within the "protected
area" only the agricultural co-operatives and state farms (i.e. about half of those who benefitted
from the protection) paid insurance charges. For he Insurance Company the savings were
MB=D-(T+K),where D was the income from the insurance charges, T was the actual hail
damage (indemnity was provided for the total damages), K was the expenses of the hail
suppression. The profit was EB%=MB/(T+K) 100.
According to the opinion of HMS, however, the crop yield protected by the hail
suppression, as well as the ratio of its price and expenses provided the real benefit. (From this
point of view it was immaterial that a significant part of the interested parties enjoyed the
advantages of the system but did not contribute to the expenses.) According to the calculation
method of the HMS the benefit was MO=VK-(T+K), where VK was the expected hail damage
based on long time-series, determined on the basis of the protected value and the average
damage ratio. In this case the estimated profit was EO%=MO/(T+K) lOO (Marko et al., 1985,
Wirth, 1988).
The time-series of the above parameters are indicated in Table I. (The values of 1975
indicate the averages of thepreceding five years. The data of the period after 1987 are
estimations of experts. The parameters not mentioned earlier: E - protected value, KO expenses of HMS.)
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TABLE I

Main economic data of the Baranya County Hail Suppression System

YEAR
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989

E
2035
2673
2793
2826
2841
3010
3331
3423
3518
4109
4078
4475
4900
5400
5900

D
81
130
130
122
120
125
133
126
131
144
157
172
190
195
200

KO
0
15
26
25
28
32
30
40
49
42
53
58
54
58
53

I+K
26
33
59
109
121
113
ll5
111
135
207
233
281
892
290
310

VK
129
169
177
179
180
191

MB

MO

EB%

55
97

103
136
l18
70
59
78
96
106
88
53
25
2
-582
52
63

68
75
55
11
-1
10

71

13
-1
12

211

18

217
223
260
258
283
310
342
373

15
-4
-63
-76
-109
-702
-95
-110

EO%
80
80
67
39
33
41

14

45

12
-3
-44
-48
-63
-369
-49
-55

49
39
20
10
1
-188
15
17

The differences between the two estimates are illustrated in Figure I. This figure also
reveals the basic problem in estimating the usefulness of meteorological services of this kind. It
is clear that the reviewed activity %
was useful from the point of view 100 1111;:::: ...___
of the national economy and in a so
long run, but as far as the funding
o I 1 1 "$-= 6 • t ......_ • ~ 111 1 .....-.
agency (the Insurance Company) -SrJ
was concerned the activity was _100
showing a deficit. In this case state
financial support could have been a -150
good solution, but it was not "200
possible due to the overburdened -2so
state budget.
-aoo
In 1986, the State Insurance -aso
Company was reorganized into
two companies. At the same time, 400
Figure 1 -Change ofthe profit year by year
the insurance policies were also
changed. From that time, the state exercised its rights only as an owner. The attitude also
changed. Profitableness became a primary goal.
Then a catastrophic hail damage occurred in 1987 in the area of the Pecs system. This
was a final blow. The financial support of the hail suppression system was terminated by the
Insurance Company in December 1989. The resolution of the Government for the operation of
the systems was also cancelled. In the following year, only 16% of the previous support was
provided by the Insurance Company to cover a part of the expenses necessary for the
liquidation process.

Liquidation and its consequences
Governmental assistance was not provided for the liquidation. At the same time, due to
the financial difficulties of Hungary, the state support of the HMS decreased in real value. As a
result, the HMS was very close to a financial collapse.
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Drastic measures had to be taken. About 60% of the staff had to be dismissed.
Observation and research programs had to be reduced or stopped.
Since
the
liquidation had to be
accomplished very fast, the
number of staff leaving the
HMS
surpassed
the
required figure by 10-15%.
Well-trained,
creative
nrofessionals were also
among the ones going
anvay. Most of them left
the HMS
voluntarily,
looking for a more stable
job.

•others

MFt

1!111 undertaking

•hail suppression

mregular budget

80
70
60

regular budget

1992

To complete the
YEAR
picture some financial data
.
_
are shown in Figure 2. As
Figure 2 -Income OT HMS
it can be seen, the income from the hail suppression activities was almost the same as the
support from the regular budget. Business and other incomes (first of all from research
projects) could not compensate the losses.
The number ofthe staff and the income/person are indicated in Figure 3.
person/thousand HUF

As a result of a hard
work of the last three years,
however, the HMS is now
stable again and it is
comletely reorganized its
commercial activity is put on
a firm basis.
The HMS . is
.
now agam on a progressive
course. Nevertheless, the full
repair of the damages caused
by the forced liquidation
descibed above will be a task
for several years to come.
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ASSESSING THE BENEFITS OF STREAMF LOW GAUGING
C H Green and R W Herschy
Flood Hazard Research Centre and CNS Scientific and Engineering Services
INTRODUCTION
In 1987, we were commissioned to undertake an assessment of the benefits and costs of the
streamflow gauging network, and national archive, for the United Kingdom (CNS Scientific and Engineering
Services 1991).
It has been argued elsewhere that the most important reason for undertaking an economic analysis
uf a project or programme is not necessarily to harvest hard numbers but to gain a clearer understanding
of why that project or programme is being undertaken. Without such a clear definition of the purposes of
the project or programme, it is not unusual for the development of that project to follow the aphorism:
"having lost sight of our objectives, we redoubled our efforts". Thus, in the case of streamflow gauging
the most important result of the analysis may be seen as being a clearer understanding of why streamflow
gauging data is of value.

The appropriate theoretical structure for evaluating the economic benefits of streamflow gauging and
other forms of information has long been known to be via the use of Bayesian analysis (Davis, Kisiel and
Duckstein 1972; Wilson 1972). The benefit of increased information is the increase in the economic
efficiency of the decision taken with that information versus that taken without that information.
This requires the definition of both the baseline alternative and the alternatives to be evaluated. In
this case, the baseline was taken as the existing network and length of record. Various alternatives which
could then be compared against this present situation include: increasing the length of record (by operating
the network for an additional year); improving the accuracy of one or more gauges; and changing the
.mmber or layout of the gauges making up the system.
Information is defined as 'negentropy', that which destroys uncertainty (Cherry 1966). Increasingly,
different forms of uncertainty are being distinguished, Smithson (1985) introducing the overarching term
'ignorance' to encompass all types of lack of certain knowledge. In engineering, Blockley (1980) made the
useful distinction between 'parametric uncertainty' and 'systemic uncertainty'. The former has been termed
'what you know that you don't know', the estimated error from the model, and the latter, the possibility
that the model itself is wrong or inappropriate, as 'what you don't know that you don't know' (PenningRowsell et al 1992). Whilst the benefits of reducing parametric uncertainty can be measured, those of
reducing systemic uncertainty cannot since, by definition, the extent of this uncertainty is unknown.
Whilst the Bayesian approach is known to be theoretically the most appropriate, in practice decision
makers are often reluctant or unable to estimate the required subjective probabilities. Consequently, as in
other studies, other methods had to be used.
Any benefit assessment is also a sampling problem: the estimate of the benefits is generalised from
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some 'standard' or sample data to the population (Green 1994). For example, of generalising from the
benefits of streamflow data in some sample of decisions to the population of similar such decisions. In
some instances, such as the development of major water resources, the number of decisions taken each year
is low and hence the potential sample is small. If the variance in these benefits between individual decisions
is then high, then the generalisation of the sample value to the population is of suspect reliability.
Since an analysis of the benefits of additional information to decisions concerning aspects of the
water cycle, it must essentially be based upon a schematic economic analysis of the entire water cycle.
Before, for example, the benefits of streamflow gauging to decisions relating to irrigation can be assessed,
it is necessary to determine what the benefits of irrigation and how they may be assessed. Therefore, the
benefits of streamflow gauging essentially depend upon the degree of prior use of economic analysis in
water related decisions. If an economic analysis has not previously been undertaken of the decisions
involved in managing the water cycle, then a benefit assessment of streamflow gauging will be 'challenging'
(and expensive). If these decisions are not themselves influenced by economic criteria, then the economic
benefits of streamflow gauging cannot be assessed. In the UK context, we concluded that decisions about
allowable discharges of wastewater were not governed by economic efficiency considerations.
BENEFITS OF STREAMFLO W GAUGING
Four functions were identified as being the purpose of maintaining a gauging network:
•
•
•
•

real time information for operational uses;
increasing the length of record for predictive purposes;
research, education and obligations under national and international law; and
to detect change in environmental conditions.

Of these functions, the first two are susceptible to economic analysis but the latter two are not. It
is not possible to attach an economic value to the fulfilment of a duty although it is possible to assess the
economic efficiency of different approaches to satisfying that duty.
The fourth purpose is arguably the most important reason for maintaining any sort of environmental
monitoring. However, whilst it is not possible to evaluate the potential benefits of detecting an unforeseen
change, it is possible to evaluate the benefits of maintaining a network against the possibility of such a
change occurring: the 'option value' of the network.
Similarly, the data collected by a gauging system is only transformed into information if it is
Jisseminated to those parties who can use it in making decisions. Essentially, the likelihood that the data
will be successfully converted into information must be used in estimating the benefits of improved
information. Our estimates of the benefits of flood warnings were thus significantly lower than previous
assessments of the benefits of improved hydrological or meteorological systems applied to flood warning
(Bussell, Cole and Collier 1978; Working Group on National Weather Radar Coverage 1983). It is
necessary to distinguish between flood forecasts and flood warnings. The first is the prediction that a flood
will occur; whereas a warning a message delivered to those at risk in sufficient time before the flood for
those at risk to take effective action.
When considered from the standpoint of reliability engineering, then the savings in flood losses from
flood warning can be expressed as:
S * Pr * Pd * P. * Pr *Pc
where:
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S is the potential saving in flood damages given sufficient advance warning;
Pr is the probability that a forecast will be made in time;
P d is that the forecast will be disseminated in time;
P. is the proportion of residents available to receive the warning;
Pr is the proportion of households able to respond to a warning; and
Pe is the proportion of households who respond effectively.
Various estimates of the potential reductions in flood damages that can be achieved given warnings
of different lead times have been made (Penning-Rowsell, Chatterton and Parker 1978, Smith 1986). These
are usually based in the UK on the expectation that households will seek to lift property above the
anticipated flood level. In practice, a significant fraction of households seek instead, initially, to keep water
out of their home, only moving their furniture and other goods when the attempt to keep out the water fails
./'YT--.-1 _
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In the UK, Pr * Pd, the probability that a forecast will be produced and disseminated, has been found
usually to be less than 0.54 (Penning-Rowsell et al 1994). French (Torterotot, Kauark-Leite and Roche
1992) and Australian (Smith 1986) experience, where lead times are somewhat longer, is no better. Thus,
there is only about a 1 in 2 chance that a warning will reach those at risk before the flood does. The
proportion of residents available to be warned is defined as the proportion of households in which at least
'1ne adult is at home and awake so that they can receive a warning. If warnings are limited to loudhailer
or siren warnings, then the proportion of time when the household is asleep can effectively be excluded;
consequently, availability is unlikely to exceed 0.55. Only those households containing at least one ablebodied adult will be able to respond effectively and a parent with small children would be likely to have
difficulty. So ability to respond is unlikely to exceed 0.80. Various studies suggest that, in the absence
of previous experience of flooding, the proportion of those warned and able to respond who have sufficient
knowledge to respond effectively is unlikely to exceed 0. 70.
Therefore, the overall reliability of the system was estimated as being equal to
0.54

* 0.55 * 0.80 * 0.70

= 0.166.

Thus, a flood warning system was estimated to save only some 17% of the losses which might
potentially do. A system of forecasting and dissemination which was absolutely reliable would increase this
saving to 31%. Examination of flood warning systems (Parker, Fordham and Torterotot 1994) has typically
found that the point of lowest reliability is not in the forecast but in dissemination. This suggests that
investment may be being concentrated too much on improvements in forecasting methodologies whereas a
Jetter benefit-cost ratio might be found from improvements in dissemination.

It is clearly not possible to estimate the value of maintaining a monitoring system against the
unknown chance of some change unknown in form occurring. However, it was possible to estimate the
costs which would be incurred if the present gauging network was allowed to fall into disrepair and then
a change was detected by other means which resulted in the gauging network requiring to be reestablished.
This calculation depends upon making some assumptions about the likelihood of a significant change
occurring in the hydrological regime.
SUMMAR Y

In summary, the estimated annual benefits in 1986-7 of the gauging network were estimated as being
in the range of £11 million to £60 million, with a best estimate of £21 million, against an annual cost of
£9 million. In addition, the capital value of the premium of maintaining the network against a future need,
rather than abandoning it, was estimated as approximately £8 million.
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Benefits to the community of collecting streamflow data

Ian Cordery and Peters. Cloke, Sydney, Australia

Introduction
Collection and archiving of streamflow data is expensive and
it is becoming increasingly difficult to sustain the financial
support required for the current level of activity.
A study was
undertaken in the state of New South Wales, Australia (area 8 x 10 5
km2 , population 5.5 x 10 6 ) to examine the benefits of the annual
investment by the state water resources agency of $ 4 x 10 6 in
streamgaugin g.
Six major uses of streamflow data were identified. These uses
can be divided into two general categories: those which consider
floods or extreme flow rates and those which consider the volume
or stock of water. For a given stream basin flood flow rates and
long-term flow volumes are not closely related.
The main uses of data identified in the flood category were:
design of flood passing structures
flood plain management; and
urban drainage design.
In the volume category the main uses of data were for:
•
•

design of water supply storages
planning and management of irrigation schemes, and
planning of
environmenta l
and recreational
water
supplies.

Benefits of data usage
The benefits of these uses were assessed by considering the
manner in which data were utilized in each of the activities and
the cost of availability of data. In order to make an assessment
of the value of data some simplifying assumptions were needed. All
were made conservative ly; that is in such a way as to take the
lowest-value of the benefits that accrue from the data.
Any
benefits were then stated as minimum benefits in the form "the
benefits of data collection must be at least ..• 11 •
Data use for flood estimation
For the design of flood passing structures there are two
completely different methods of data usage. Estimation of floods
for major projects, such as spillway design usually involves direct
use of data in a specific study of the flood characterist ics at the
site of the structure. However for the many thousands of locations
at which transport routes cross minor waterways, which range from
small rivers down to flows which could be contained in a single
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pipe, streamflow data are rarely used directly. For example in New
South Wales a regional flood frequency method is used for these
situation s on smaller streams. This probabili stic Rational Method
(Instituti on of Engineers , Aust., 1987) was based on a detailed
analysis of 6716 station years of streamgau ging records from
314 stations -all the data in the archive for catchment s of up to
250 km2 where the record length was more than 10 years. The annual
benefits of using this design flood estimation method, versus using
alternativ e methods which were based on little or no data were
shown to be about 80% of the total annual budget of the state data
These benefits accrued
collection agency (Cordery et al 1993).
of overdesig n and
effects
the
from
losses
of
from avoidance
s, delays and
diversion
of
costs
t,
investmen
capital
on
n
underdesig
damage.
property
As indicated the above data are usually used different ly for
estimation of floods for design of major structure s. Here if data
are available they would be used directly. In New South Wales the
annual investmen t in spillways in recent years has been estimated
at $ 18M. The benefit of having just 5 years data at the site of
interest was shown to have the potential to save 2 2% of the
spillway cost ( $ 4M) and long records could produce a further
saving of 21% of the cost($ 3.8M). For road and railway bridges
over major streams the value of streamflow data is fairly small,
partly because investmen t in large bridges sized by a flood
estimate is small and because floods have less direct impact on the
At least half of all major
cost of bridges than of spillways .
flood estimates , the route
of
ntly
independe
bridges are designed
In
governing factors.
the
being
y
topograph
alignment and local
quite
produce
usually
s
discharge
flood
in
addition large changes
It was estimated that the annual
small changes in bridge costs.
records at the bridge sites
streamflow
long
benefits .of having
and spillway benefits is
bridge
of
sum
The
would be about $ 2.6M.
t in data collection
investmen
annual
more than twice the current
1992).
Cloke
&
and archiving (Cordery
Sensible managemen t of flood plains needs accurate frequency
The economic benefits of data for
versus water level estimates .
extremely difficult to evaluate.
are
flood plain mapping and zoning
the benefits of data for the
of
However, estimates were made
works (Cordery and Cloke
protection
planning and design of flood
state wide benefits of
annual
1994). These estimates showed the
to be about 10% of
works
any
of
having data available at the site
. The small
operation
collection
the cost of the total state data
little
being
there
to
due
size of the benefit is primarily
years.
recent
in
investmen t in flood protection works
By far the largest benefits of data availabil ity are gained
from the design of very minor works, particula rly urban drainage.
This is primarily because there are thousands of kilometre s of
storm runoff pipes and their associated structure s and so even
small savings in the large investmen t in these works represent s a
For New South Wales the annual benefits of data for
large sum.
urban drainage design are about 4 times the annual cost of data
collection (Cordery and Cloke, 1992).
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Data use for volume estima tion
The major source of benefi t of data used for volume estima tion
comes from the design of water supply storag es. These storag es are
used to supply water for munici pal uses, irrigat ion or power
genera tion.
An examin ation was made of how differe nt length s of
availab le data influen ce the estima ted size of storage needed to
supply a given demand and hence influen ce the capita l cost of the
structu re (Cloke and Corder y 1993). Estima tes of require d storag e
size for a number of sizes of sample s of observ ed data were made
at 16 sites where long (> 60 years) stream flow data were availa ble.
The cost of the uncert ainty range of the size of structu re needed
at each site was estima ted.
The uncert ainty range chosen was
betwee n plus and minus one standa rd error of estima te of the
expecte d storage size. The uncert ainty range of the capita l cost
of each structu re reduce d as the size of the data sample involve d
in its estima tion increas ed.
Since most large reserv oirs
constru cted in recent years have been designe d with about 40 years
of data a repres entativ e benefi t cost ratio for the data is
probab ly the value for the situati on of having 40 years data in
hand and consid ering the value of collec ting an extra 40 years of
data. This would give a benefi t cost ratio of 1. 7 for the comple te
data networ k.
If only 20 years data were availa ble the
benefi tjcost ratio for collec ting a furthe r 20 years of data would
be 5.3.
Other benefi ts of data use
There are many other minor and one-of f uses of data which may
provide large benefi ts at a single site but which have small value
in the contex t of the total networ k.
For exampl e collec ted data
are essent ial for the develop ment of flood foreca sting system s.
Howeve r the value of the contrib ution of data is diffic ult to
establ ish since foreca st experie nce and real time feedbac k are
often of greate r importa nce in determ ining the foreca sts than the
system initial ly develop ed from observ ed data.
The contrib ution
of some of the uses of data, such as flood plain mappin g,
environ mental protec tion studie s and water quality manage ment have
not been assesse d. Howeve r, althoug h these contrib utions are not
quanti fied they would add to the benefi ts discuss ed above and
ensure that the total benefi ts ot ~treamflow data collec tion shown
in Table 1 provid e a minimum estim~te of toe OVefal l real benefi ts.

- 148 -

Table 1

Summary of the value of data collectio n

Data use

Estimated benefit/c ost ratio of data
The cost in each case is that
use.
of collecting and archiving all data
from the total network of stations.

0.8

Crossing of minor
waterways
Major structure s
Flood mitigation
Urban drainage
Sizing of water storages
Others

2.0
0.1
>4.0
1.7
> 0

Minimum total B/C ratio

9

Conclusio n
Collection and archiving of streamflow data in New South Wales
provides benefits to the community of 9 times the cost of
It therefore would be sensible not only to
collecting the data.
continue to operate the existing network of streamgau ging stations
but to expand the network to collect data at a larger number of
stations. There is a particula r need for collection of more data
at urban locations .
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THE ECONOMIC BENEFITS OF METEOROLO GICAL SERVICES
TO ROAD TRANSPORT IN THE UNITED KINGDOM
J.A.Acl{erman, Devon County Council, United Kingdom
This paper sets out to show that by the use of meteorological services, together with information technology and good
management, cost benefits to road transport are gained by minimising delays and disruption caused by severe or cold
weather and by improving the efficiency and effectiveness of operations. Reference is made to the United Kingdom in
general, but in particular to winter maintenance operations in Devon where the marginal conditions experienced, typically
minimum night-time temperatures will hover around freezing, mean that the potentia/for savings by use offorecasts is
significant.

INTRODUCTIO N
Road travel has its own particular reasons for being described as being 'weather sensitive'. Journeys by road are restricted to
a fixed network and often there is no scope to travel around bad weather such as may be the case with shipping or aircraft.
Dependant on the topography, roads may travel through regions prone to flooding, or high exposed areas subject to extremes
of climate, and will often form vital links to communities which could not practically or economically be reached by other
methods of travel.
·
An additional problem for the maintenance engineers who manage the routes is that, when severe weather conditions occur,
there is little effective control over the decision of numerous individuals to make journeys on the network. For this reason,
use is increasingly being made of the media to inform those using the roads what the conditions are and what is being done
on their behalf.
There is nowadays an expectation by the public and industry that, unless road conditions are particularly severe , roads
should operate normally. Under some conditions, such as fog or major flooding, apart from warnings to road users and
design of new roads to where possible avoid areas prone to such problems, there is no practical method of removing the
hazard. With snow and ice however, it is possible to mitigate the effects. In these conditions the public are entitled to a high
level of service in the form of winter maintenance operations and indeed there are sound economic reasons why industry
and commuters need access to open roads. In the United Kingdom, 88% of inland freight and 93% of passenger kilometres
take place by road and where these journeys are prevented because of winter weather, industry will lose production and
commerce will suffer reduced sales.

THE IMPORTANCE OF WINTER MAINTENANC E
In winter, bad weather in relation to roads will often mean icy conditions which are a hazard to road users. In these
circumstances winter maintenance in the form of salt spreading and snow removal is carried out with the aims of:-maintaining safety at as high a level as possible
-keeping commerce, industry and the public moving during freezing conditions
-assisting emergency services (police, ambulance, fire service etc.).
It is more efficient in terms of salt usage to prevent ice forming on the road than to remove ice that is already present on the
road (salt quantities used can be halved). For this reason and to maximise safety, preventative salting (pre-salting) is
carried out on major routes in the United Kingdom thereby minimising delays and accidents.
Highway Authorities, who maintain the road network in the United Kingdom, could achieve the aims of winter maintenance
by pre-salting whenever there is a chance of ice or snow but this would inevitably lead to abortive salting if conditions are
warmer than expected and therefore waste money as well as having detrimental effects on the environment.
Therefore a further aim of winter maintenance should be to:·minimise salt use, consistent with safety, to reduce economic and environmental costs.
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To achieve the stated aims, winter maintenance operations need to be correctly managed and controlled. In previous years,
accurate information on when roads were going to freeze was not available. However, dedicated equipment and most
importantly improved forecasts are now accessible, giving the potential to Engineers to ensure that winter maintenance
operations are both efficient and effective. The following section describes how this potential is effected in Devon

WINTER MAINTENANC E OPERATIONS IN DEVON
Situated in the south-west of the United Kingdom, Devon is a beautiful county which attracts many visitors. Part of this
attraction is the varied topography with two moorland areas, Dartmoor and Exmoor and, unusually, two coastlines. But this
topography and the varied weather conditions it promotes cause complications for Engineers involved in winter
maintenance.

Figure 1 ·Map of United Kingdom showing location of the County of Devon
Devon does not normally suffer severe winters but does have a significant number of nights over the winter when
temperatures are marginal. Figure 2 shows an example of typical winter minimum temperatures over a one week period at a
sensor site in North Devon.
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Figure 2 - Marginal Temperatures
In the past, Engineers with only limited information on likely conditions have had to err on the safe side which has
inevitably led to abortive salting operations. Abortive operations mean uneconomic working and an adverse effect on the
environment due to the overuse of salt. Getting the decision right as to when to salt is critical if the potential for savings is
to be realised and the environment protected.
Therefore, a high quality forecast aimed specifically at forecasting road conditions is required to indicate how severe winter
conditions will be, and where and when they will occur. This forecast is the key element in Devon's management of winter
maintenance but use is also made of other important facilities:-

- 151 -A number of sensors situated around Devon giving real time informatio n on road surface temperatures,
road depth
temperatures, air temperatures, precipitation, relative humidity, chemical factor (indicating the presence
of salt),
wind speed and direction.
-Radar showing precipitation and Satellite images showing cloud cover
- Thermal maps showing the relatively warm and cold lengths of the major road network
- Ice prediction software incorporating forecast, sensor and thermal map data.
- A 24 hour control room.
The forecast used by Devon is the Meteorological Offices' Open Road Forecast which gives site specific
informatio n at six
locations in Devon including the predicted road surface temperatures, the predicted surface state of the
road i.e. wet, dry, ice
etc., the timing of minimum/freezing temperatures as well as the general synopsis.
FORECAST FOR A30 Sourton Croas
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Figure 3 - Road Surface Temperature Forecast Graph
From this forecast a number of alternate actions may be ordered:- Evening pre-salt. Ordered when ice formation will take place overnight.
- Morning pre-salt. Ordered when ice formation will take place at dawn.
-Early morning inspection. Ordered when freezing conditions are forecast but the road has already been
treated or
is dry but where there is a risk of icy patches from run off etc.
- Standby. When temperatures are forecast to be marginally above zero degrees centigrade.
- No Action. When temperatures are forecast to be well above freezing.
The above use of the forecast allows a sophisticated approach to decision making on the basis of individual
salting routes.
However, because weather forecasting is not an absolute science, due to the many variables that effect the
weather, Devon
makes great use of two other facilities offered by the Meteorological Office as part of the Open Road Forecast
service:- Direct consultation between Devon County Council and the local Meteorological Office.
-Forecast updates.
Use of these facilities enables winter operations to be planned to take place only a matter of three to four
hours in advance of
the forecast freezing time. The opportunity then exists of confirming the action if conditions are as forecast
or cancelling if
temperatures are higher than expected. Conversely if temperatures worsen more quickly than expected
then salting
operatives and plant can be called out.
The close control of winter maintenance operations can only be achieved in Devon because of its 24 hour
Control and
Information Room where staff monitor conditions overnight taking forecast updates from and liaising with
the
Meteorological Office forecasters as necessary. The Control and Information Room acts as a focal pointfor
those concerned
with winter maintenance, allowing proposed actions to be confirmed/cancelled or for call outs to be made.
The Control and
Information Room does not deal exclusively with winter maintenance but also any other issues affecting
the highway.

OPERATI ONAL COST SAVINGS
Devon has a road network of some 14,500km of which 3,000km form the salting network. Each pre-salt,
if carried out
Countywide, costs in the region of £20,000 (25600 ECU's).
To calculate savings due to the introduction of the Open Road Forecast, which is giving information specifically
for winter
maintenance purposes, the actions taken over the winter period have been compared to those that would
have been taken
when only a general weather synopsis was available.
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TABLE 1
Estimate of savings in winter season from use of onen road forec11st
Forecast Sites

Percentage Influence

Cost Savings

Roborough
Haldon
Clyst Honiton
Stopgate
Bratton Down
Sourton

21.43
19.05
11.90
11.90
28.57
7.14

£26,859
£23,874
£14,921
£14921
£35,811
£8,953
£125,340

- Equivalent to 7 Countywide
saitings saved.

To the saving shown of £125,000 has to be added to savings of £37,000 made through the use of suitable plant and salt,
which has allowed much closer control of the rate of spread of salt and reduced the tonnage used by approximately 1800
tonnes in an average winter season.
Against these savings must be set the cost of maintaining and running the ice prediction equipment and the manning ofthe
Control and Information Room.
In summary it is estimated that savings in an average winter to winter maintenance operations by refinements to plant, salt
quality and ice prediction, for which the forecast is the vital element, totals £70,000 per annum.
The operational savings for winter maintenance in Devon equate to approximately 8 to 10% of costs and if this were
extrapolated for the whole of the United Kingdom would amount to some £10 million per annum.
CONCLUSI ONS
The savings shown indicate that Devon's investment in a forecast specifically for winter maintenance purposes used in
conjunction with sensors, radar, satellite images, thermal maps, software, hardware and the Control and Information Room
has been most effective in providing the framework for appropriate decision making on action to be taken. This has given
rise to economic benefits from money saved on winter maintenance operations , benefits to the environment arising from the
reduction in salt use and an enhanced level of service to those using Devon's roads.
The benefits stated above are measurable and in themselves justify the investment made by Devon County Council in the
Open Road Forecast and associated facilities.
Harder to measure are the economic benefits to industry and commerce. It has been estimated that the costs of delays from
roadworks total some £15 billion per annum. Quite clearly, applying similar principles, there is a considerable sum of
money saved by firms because of winter maintenance which should be added to the operational savings indicated.
There are also savings made because of a reduction in accidents which occur due to freezing conditions. These would be
difficult to calculate and there is a counter argument that drivers can place too much confidence in the ability of the
maintenance engineer to deal with all incidents of bad weather, no matter how severe, and therefore drive too fast. It must
be remembered that drivers have a duty of care to themselves and other road users and must therefore drive to suit the
weather conditions.
SUMMARY
The benefits of meteorological services, together with information technology and good management, to road transport can
be summarised as:-A significant reduction in operational costs
-A significant reduction in delays and disruption due to severe or cold weather.
-A minimising of adverse environmental effects
-A safer road network
-A better service to road users.
These benefits are a powerful example of how the skill of the forecaster can be positively applied for the good of the
population as a whole.
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ECONOMIC BENEFITS OF METEOROLOGICAL SERVICES TO LAND TRANSPORT
IN THE NETHERLANDS
Maarten Noort
Ministry of Transport , Public Works and Water Managemen t
Road and Hydraulic Engineerin g Division
P.O. Box 5044
2600 GA Delft
The Netherlan ds
INTRODUCTION
Traffic and transport are of vital importanc e to the
Netherlan ds. The favourable location of the country, the large
ports of Rotterdam and Amsterdam and Schiphol airport are some
of the essential reasons why the Netherlan ds are one of the
main gateways to Europe. Roads and waterways constitut e
essential elements of the transport system, which accounts for
an important part of the national income of the Netherlan ds.
If the Netherland s want to continue to be Europe's
distributi on hub, the infrastruc ture has to be used optimally .
Transport is and will be a growth sector. The European
unificatio n moves markets and the extension of the European
Union and the fading of the borders with Eastern Europe will
accelerate this process. Consequen tly investmen ts in
infrastruc tural bottleneck s as well as secondary condition s in
the fields of safety and environme ntal protectio n have become
priorities of the present governmen t's policy.
ECONOMIC DAMAGE THROUGH TRAFFIC CONGESTION AND ACCIDENTS
With over 15 million people on a surface of only 34.000 km 2
and with almost 6 million cars, over 500,000 vans and some
90,000 trucks the capacity of the Dutch road system is
seriously tested.
The mobility of the Dutch road system is mainly restricted by
the traffic jams that occur on the trunk road network of over
2000 kilometer s. The damage that these congestion s caused to
the Dutch economy in 1992 [1] is estimated at a loss of 49
million man-hours , which amounts to a negative result of 1.2
billion Dutch guilders (1 American dollar = 1.8 Dutch
guilder).
Bottleneck s (70%), accidents (10%), road works (9%) and other
factors (11%) appear to be the principal causes of this
problem.
The Netherlan ds, which are situated in the northwest ern part
of Europe, have a maritime climate with winters that are mild
and damp. The average January temperatu re amounts to + 1.7 oc.
These climatolo gical condition s definitely have an impact on
the congestion that occurs on the Dutch road system.

~
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Examples show that extreme conditions, such as snow, glaze ice
and heavy rain, particularly contribute to considerable
decreases of the general mobility.
To what extent these climatological conditions exactly
contribute to the congestion on Dutch roads is not known.
Like the general mobility, the accident rate is also
influenced by bad weather conditions. Though accident
statistics are hard to interprete as clear definitions are
lacking, the available literature [2] shows us that 25 - 35%
of all accidents happen under bad weather conditions.
Traffic safety rates on Dutch roads [3] are extremely high
compared to those of other European countries. In spite of
this fact, however, the economic damage road accidents
generate is still considerable.
Accident statistics for Dutch roads in 1993 (source Transport
and Traffic Research Division; Department of Public Works and
Water Management).
dead

hospital

wounded
(other)

material
damage

dry

943

8385

23626

185742

rain

141

1344

4485

42104

fog

24

154

310

2671

glaze ice

10

44

141

2180

134

1635

7453

other

The Dutch climate produces rain about 7% to 8% of the time.
The accident statistics show that the accident risk is
considerably higher during rainfall than under dry weather
conditions.
The total material damage caused by accidents in the
Netherlands in 1993 amounted to 4.2 billion Dutch guilders.
The loss caused by personal injuries and the preventive
actions taken by the government against these accidents
reached a similar value.
So the total damage that was generated by accidents and
decreases of the general mobility amounted to approximately 10
billion Dutch guilders.
Though bad weather conditions are at the root of a large
number of accidents, the damage can only be limited to a
certain 8 ~xtent. The spring storm that swept the Netherlands on
1994 is a good example of damage that can be
April 1
contained. As this storm coincided with the beginning of the
Easter holidays, some 200 caravans were blown off the road.
The damage amounted to a few million Dutch guilders. Such
losses, which are mainly caused by extreme weather conditions,
can only be limited, if an accurate short-term weather
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forecast is linked to an efficient local informatio n system
for road users. This is where regional (radio) traffic
informatio n will play an important part. Tests in this field
with new methods such as RDS-TMC (Radio Data system - Traffic
Message Channel) are being carried out at a European level.
Other technique s, such as more active exchanges of data
between cars and base stations that provide various types of
informatio n along the road, are worth considera tion. This
autumn a DRIVE pilot (ROSES) will be installed along sections
of the Dutch trunk road system. This pilot will collect
current informatio n on road condition s, local weather
condition s and short~term weather forecasts . The data will be
processed and relevant informatio n as well as safe speed
advices for road sections ahead will be sent to cars through
beaconfve hicle exchanges . Of course such data can also be
passed on to drivers through electronic signals along the
road.
Further improveme nts of these projects will probably generate
a 2 - 5% decrease of traffic damage.
WINTER MAINTENANCE
During winter slipperine ss is one of the rare weather-r elated
condition s that allow road authoritie s to improve the road
surface for its users. In order to keep trunk roads as safe as
possible slipperine ss is treated before it actually occurs by
means of preventiv e gritting operation s with •wetted salt•. In
order to optimize this preventiv e technique even more, an ice
warning system has been installed for the Dutch trunk road
network. Even on a large number of secundary roads this system
has been installed by the state in collabora tion with local
authoritie s. The system, which combines road surface
temperatu res, air temperatu res, air humidity values,
precipita tion values and road surface condition s to establish
developing icing condition s, sends an alarm signal to the road
authority involved. The latter uses the data provided to
determine if gritting is required.
In the Netherland s gritting operation s are organized as
follows: trucks and drivers of private companies are warned
and it takes about two hours for a gritting operation to be
carried out entirely from the moment the road authority has
made a decision.
The Dutch climate often generates road surface temperatu res
that are about or below freezing. As a result of high air
humidity values and frequently wet roads such condition s often
cause wet road sections to freeze. As the preventio n of icing
through preventiv e gritting operation s is our point of
departure , the road authority absolutely needs meteorolo gical
assistanc e.
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Yet, this assistanc e has to be very accurate and has to
provide fractions of degrees for road surface forecasts that
cover periods of several hours (2- 4 hours).
In collabora tion with meteorolo gical institute s, such as KNMI
and Meteo consult, an investiga tion has been started into
"nowcasti ng" accuracy. As the computer of the ice warning
system is linked to the updated databases of the
meteorolo gical institute s when the road authoriti es need the
informatio n, the most recent data are always supplied. The
advantage of this method is that the Departmen t of Public
Works and water Managemen t saves, on an annual basis, 3 to 5
nationwid e gritting operation s of 1 million Dutch guilders
each. Apart from this "nowcastin g" system the meteorolo gical
institute s provide the road authoriti es with considera bly more
extensive services. Especially in the case of developin g
snowfall and extremely unsettled weather condition s the
meteorolo gist keeps a watchful eye on things for the road
authoriti es. Even if a choice has to be made between a
gritting operation and a snow clearing operation with a much
larger number of trucks, the meteorolo gist's advice is
important .
Solid and accurate meteorolo gical assistanc e can save as much
as 3 to 5 million Dutch guilders on an annual basis as far as
the direct costs of gritting operation s and equipment are
concerned . If other authoritie s use these services too, twice
this amount can be saved. Moreover, as we indicated before,
the assistanc e will reduce the number of accidents and
consequen tly generate considera ble savings. If the accuracy of
the "nowcasti ng" system improves, further savings can be
achieved by linking various gritting routes and reducing
equipment needs.
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POROUS ASPHALT

some 30% of the Dutch trunk road system has been covered with
porous asphalt , which is mainly used to reduce traffic noise.
The absence of water splashes and sprays is one of the
addition al advantag es of the product as well as the higher
capacity of the road under wet conditio ns. Porous asphalt
requires a lot of extra attentio n at the road authori ty level,
however . Especia lly during winter porous asphalt reacts quite
differen tly compared to dense asphalt ic concrete [4]. The main
causes of the differen t reaction s of porous asphalt are:
differen t tempera ture reaction s compared to dense
asphalt ic concrete ;
differen t humidity reaction s compared to dense asphalt ic
concret e;
differen t reaction s as far as keeping the salt on the
surface is concerne d compared to dense asphalt ic
concrete .
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The figure presents the surface temperature , measured with an infrared camara, of a highway
section in the Netherlands, which is partly made of porous asphalt. The colder porous asphalt
can be clearly recognised. The measureme nt was carried out by cloudless weather and no wind.

Especia lly if icing is caused by condens ation or precipi tation
porous asphalt may react quite differen tly compared to
adjacen t dense surfaces .
Road users tend to find it hard to anticipa te such conditio ns.
A road section may be rough but the next one may be slippery .
As the icing process often starts earlier on porous section s
than on dense sections , the road authorit y has to conside r
gritting operatio ns in time. Exchang es of informa tion between
meteoro logists and road authori ties will improve short-te rm
forecas ts for porous road sections .
Depende nt on the traffic intensit y even small quantit ies of
(frozen) rain and road surface tempera tures below freezing can
cause porous road sections to be slippery . This is where the
assistan ce of meteoro logists really becomes essenti al.
Moreove r, the weather radar has to be able to detect such
small quantit ies. To this end the radar will have to be linked
to radars in neighbo uring countrie s and the accumul ated data
will have to be made availab le to road authori ties. After all,
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weather conditio ns do not mind nationa l borders .
It is difficu lt to quantify the economic advantag e of these
actions . The improved traffic safety and the increase d general
mobility will be the main advantag es of the system. Reduced
gritting operatio ns are not importa nt here.
THE FUTURE
Road users, road authori ties and meteoro logists will need one
another more and more in the future. Investig ations into
short-te rm forecas t systems will play a vital part. The
meteoro logist will take care of the correct input of the
expected climato logical data while improvin g technolo gies will
carry out the transfer of data to road users and road
authori ties. Of course nationa l borders should not act as
barrier s. Weather radars and similar installa tions should be
general ly availab le. Thanks to the use of meteoro logical
instrume nts along the road forecas ts in the field of
slipperi ness, visibil ity and wind factors will improve .
Secunda ry roads should also benefit from these developm ents,
as a relative ly high number of acciden ts occur on these roads.
As reliable partners of road authori ties meteoro logists will
contribu te more and more to the reductio n of economi c damage
and persona l injuries in traffic.
[1]

[2]
[3]
[4]

Traffic congesti on costs of the Dutch trunk road system
in 1991 and 1992; Transpo rt and Traffic Research
Division ; Ministry of Transpo rt, Public Works and Water
Managem ent.
The effect of weather and road conditio ns on traffic
safety. workshop 14th DRIVE concert ation meeting .
organize d by DRIVE project CROW.
Bruhning Ekkehard und Berns susanne , 1994; Entwick lung
der Verkehr ssicherh eit auf Europais che Autobah nen;
Strasse und Autobahn 1/94.
Noort M. 1991; Winter maintena nce on porous asphalt ,
Ministry of Transpo rt, WXA-R-9 1-61.
Noort M. 1994; Winter maintena nce on porous asphalt ,
Manuscr ipt for the IXth PIARC Interna tional Winter Road
congress in seefeld.
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ECONOMIC BENEFITS OF HYDROL OGICAL SERVICES
J. H. Temple and J. Frehs
Environm ent Canada, Ottawa, Canada

Introduc tion
The global ecmwmy is depende nt on an abundan t suppiy of good quality
water. Water plays a major
role in the health of the world's ecosyste m and the develop ment and manage
ment of agricultu re,
energy, transpor tation, fisheries , forestry, mining, recreatio n and tourism. Since
it is essentia l for most
industria l, municipa l and rural activities . the quantity and quality of water are
often. limiting factors for
developm ent. With growing evidence that Nature's limits are being exceede
d, the integrity of
ecosyste ms on a global scale and the economi c activity, which is depende nt
on these systems , are of
major concern to all nations (Environ ment Canada. 1994). National hydrolog
ical services are well
positione d to advise water users how to optimize econom ic benefits
and protect the natural
environm ent.
In 1990, the WMO, at its technica l conferen ce on the Econom ic and
Social l:!enefits of Meteoro logical
and Hydrolog ical Services, noted that many countries are experien cing an economi
c crisis accompa nied
by various weather and climate related phenom ena. Pathway s on
how to overcom e these
circumst ances havs been identified and include. technolo gical moderniz ation
and improve d producti vity,
which are among the areas in which meteoro logy and hydrolog y can help.
The aim now is to further
improve , describe and quantify the potentia l benefits and show that resource
s allocated to national
services are not expendit ures but investme nts with good future returns.

Recomm endation s of the conferen ce included the develop ment of methodo
logies and program s for
assessing the economi c and social benefits as well as docume ntation that
demons trates the value of
meteorol ogical and hydrolog ical services. Economi c analysis is recogniz ed as
a valuable tool but is not
sufficien t by itself as it may not provide adequate justificat ion for collectin g
long term data sets in the.
face of short-ter m diversion of scarce resource s (WMO, 1990). Even though
the national services
usually bear 100 percent of the costs of data collectio n, the benefits realil:ed
are for the common good
and are spread througho ut society. Also, hydrolog ists are increasin gly consider
ing that the systems of
people. the economy and nature are interdepe ndent. Studies of climate change
require water resource s'
informat ion so that the populati on can adapt socioeco nomic: practice s to
climate and water supply
changes that are imminen t or occurrin g. This paper will look at selected
tradition al example s of
economi c benefits derived from hydrolog ical services but in addition will illustrate
an example of how
new approach es and innovati ve technolo gy can contribu te to sustaina ble
developm ent.

Flood Forecast ing
In most nations of the world, a majority of the populati on muy live in lowlands
, on agricultu ral plains
and therefore are potential ly vulnerab le to flooding. From 1947 to 1980 194.000
p8ople havu lost their
lives due to floods. UNESCO estimate d that each year, in Asia alone, river floods
damaged or destroye d
about four million hectares of land and crops and affected the lives and well~bei
ng of over 17 million
persons (Yongpin g, 1989). lhe WMO; in 1990, reported that in France.
4% of the total populati on
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is made up of forrner flood plains
is directly affecte d by flood risks. In Hungar y, 25% of the country
In the flood plains of large rivers,
and is highly depend ent on its 8,000 km of dykes (WMO, 1990).
floods typicall y 1 0 to 15% and in
good hydrolo gical forecas ting service s can reduce damage s from
in India would amoun t to about US
special cases up to 33%. For exampl e, a 10% reductio n in damage

$250 million per year (Yongp ing, 1989).
s-analy sis techniq ues to optimiz e
Unfortu nately insuffic ient data often prevent s the use of system
time is conside red along with
solutioM to flood-pl ain manage ment. Howeve r, if the length of warning
e to flood warning s, an estimat e
the si~e of potentia l damage reductio n and the efficien cy of respons
with enough informa tion to make
can be made of the benefit produce d. Authori ties will then be armed
ents on econom ic ground s (Day,
decisio ns about the efficien cy of flood forecas ting system investm
a plan to improve hydrolo gical
1973}. The United States Nationa l Weathe r Service s (NWS) formula ted
eight-ye ar improv ement program was
services for flood forecas ting based on a system s approac h. An
were estimat ed at US $2.6 billion
recomm ended beginni ng in 1985 and the potentia l econom ic benefits
improve ments (Krzysz tofowic z et al.,
per year (in 1982 dollars) , almost 120 tirnes tha total cost of the

1984).
flooding events in the last 40 years:
In the Great Lakes Region of C~;~nada there have been three major
caused C$189 .7 million (in
1952, 1972-7 3 and 1985-8 7. During these periods , flooding and erosion
75% of all natural disaste r
1991 dollars) in damage s. From 1970 to 1988, about $451 million, or about
cost-sh ared disaste r assista nce
assista nce, has been paid to victims of major flood events through
to help provinc es and territori es with
arrange ments. Nationa lly, roughly $6.5 million is spent annuall y
emerge ncy prepare dness projects (Andrew s, 1993).
can result in improve d efficien cy of
Hydrolo gical analysis of weathe r forecas ts and hydrom etric data
ing Service s Ltd. 11977) assume d
actions to mitigate the effects of a flood. The study by Acres Consult
hydrom etric data, in investig ation and
that for flood mitigati on structur es, benefits derived from using
Flood forecas ting saves 1 0 percen t
design, are estimat ed to be 5 percent of constru ction expend iture.
based on total capital costs of the
of annual damage s and flood mitigati on benefits were 5 percent
flood mitigati on projects .
ever more efficien t and tirnely flood
The applica tion of new techno logy in hydrom etry is produci ng
, is suppor ting researc h into
forecas ting, increas ing benefits to users. Environ ment Canada
ments have made radar rainfall data
improve ments in real-tim e data acquisit ion systems . Recent develop
PLE is a microco mputer based flood
readily availab le for hydrolo gical applica tions. WATFlO OD/SIM
enable real-tim e use of weathe r radar
forecas ting system incorpo rating data manage ment program s to
ge rainfall data, s:tream flow and
for flood forecas ting (Kouwe n, 1988). lt can integrat e radar and raingau
data to produce a flood forecas t. A
reservo ir release data, and watersh ed land cover and topogra phic
lt can also be used to calcula te the
snow redistri bution and melt compon ent has also been include dbeing used as the basis for scaling
Probabl e Maximu m Flood. Measur ed stream flow hydrogr aphs are
gauge data, is used as ground truth
the entire radar rainfall field: streamf loW 1 instead of rainfall
(Kouwe n, 1993}.

Storm Water Drainag e and Water Qua1ity

y overwh elm the capacit y of nearby
Our cities and their concen tration of waste produc ts typicall
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waterco urses to assimila te those wastes . If we are to continu a
to use those water bodies for both,
recreat ion and as repositorie~ for our wastes , we must try to optimiz
e the system s availab le to us.
Today· s environ mental manage rs are being asked to integrat e, an.aly:.:e
and synthes ize ever increas ing
amount s of informa tion ffom many differen t formats . Environ ment
Canada has develop ed an Ecosys tem
Informa tion Decision Suppor t System coupled with a Geogra phic
Informa tion System {GIS), designe d
to incorpo rate many differen t formats of data to provide meanin gful
visual results. lt combin es state-o fthe-art survey equipm ent and automa tic water quality monitor
ing sensors ; models and reportin g
capabil ities and is both modula r and generic . Hydrolo gists can
now couple real-tim e water qua!itv
monitor ing with grab sample s and hydrod ynamic models to assist
authori ties in making respons ible
decision s.

In Ottawa , Canada.' the Regional Municip ality of Ottawa -Carleto n (RMOC
), faced with repeate d beach

closure s in a bay of the Rideau River, conduc ted a major review
of the storm water control s.
Recomm endatio ns include d upgradi ng the infrastr ucture at a
cost of C$.:.W million. During an
assessment of the magnitu de of the problem , prelimin ary data showed
that a much broader study was
required before reliable decisio ns could be taken. In 1992 Environ
ment Canada and the RMOC
coopera ted to address the broader issue of aquatic integrit y in the
river. An environ mental monito ring
program , based on an ecosys tem approac h, was implem ented
in 1993. This year, once the
hydrody namic model for the bay has been calibrat ed, it will be used
to model the storm water outfall
under varying conditio ns and predict the impact on differen t areas
of the bay. The modelli ng, when
combin ed with real-tim e water quality monitOf ing capabili ties. will
allow for a better assess ment to be
made on the impact of contam inants on the bay ecosys tem. lhe
study has already shown that an
existing program of recircul ating bay water with pumps, costing
C$1 0,000 to $15,00 0 per year. has
been ineffect ive and has thus resulted in substan tial cost avoidan ce.
This project and decisio n support
system , showed that water quality data, interpre ted in isolatio n,
are not sufficie nt to make informe d
decision s. Hydrolo gists now have an efficien t and enhanc ed method
to integra te various types of
informa tion to more accurat ely direct increas ingly scarce govern
ment funds at vexing urban storm
water problem s (Post et al. 1994).
Hydroe lectric Develo pment
The design and constru ction phase of any major hydroel ectric develop
ment can take a decade but the
data required to comple te the project should precede the plannin
g process by at least an addition al
decade (BCHNCC and CWRA, 1990). Hydro projects are capital intensiv
e and if planmtd for rivers with
brief hydrolo gical records , the resultin g errors in power flow estimat
es can be costly to the utility. lhe
longer the term of record, the more cost effectiv e the ultimate design
is likely to be. The savings are
brough t about by the reductio n of excess design that has a long
term capitali zation cost and by
permitti ng more accurat e plannin g of contrac ts for the importa tion
and exporta tion of power. Manitob a
Hydro assesses the value of data accordi ng to how much addition
al power it can PfOduce if it pushes
the limits of its licence. On Lake Winnipe g, 35 mm of water represe
nts C$13 million of potentia l power
to the utility (Way, 1994). The Australi an Water Resourc es Council
, 1988, estimat ed that out of A$30
million (in 1986-8 7 dollars) spent on hydroel ectricity , the benefits
brough t about by hydrolo gic design
·of hydraul ic structur es (65% of the total cost) amount ed to 5 percent
or $1 million. In Canada . Acres
1977 estimat ed that the design benefit was 5 percent or C$65 million (in 1977
dollars). In one exampl e
$1000 investe d in data collecti on and interpre ta.tion, for the
design of the Nipttwi n Dam, in
Saskatc hewan, resulted in $1 .5 million saved on the otherwi se
over design of the spillwa ys (Boals.
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1994).

Water Apport ionmen t

end water demand manag ement all
Lake levels regulati on, water supply issues, habitat conserv ation
terms of interna tional agreem ents
require the best possible real-time hydrolo gic informa tion. Under the
t, a potenti ally signific ant loss of
water apporti ooment represe nts, especia lly in times of drough
produce rs. To fine tune the flow of
econom ic opportu nity to hydroel ectric utilities and to agricult ural
downst ream uses requires
water fo; hydro gen~ration and sales versus maintaining sufficie nt flow for
approx imately C $1 000 per cubic
timely, reliable data. Saskat chewan Power values such water at
e hydrolo gic informa tion can
decame tre (Boals, 1994). long term data recofd$ coupled with real-tim
habitat and irrigatio n while meetin g
assist in optimiz ing the opportu nities for power generat ion, wildlife
internat ional commit ments.

Bridge and Culvert Design
cost of road constru ction was
Acres ( 1977) reporte d that approxi mately 1 0 percent of the total

be saved with the use of accurat e
attribut able to bridges and culverts and 10 percent of that could
estimat ed that out of a total
hydrom etric data. The Austral ian Water' Resour ces Council , 1988,
e to hydrolo gic design, the benefit
expend iture of $330 million on road drainag e structu res sensitiv
Davar and Brimley (1990) estimat ed
factor of accurat e hydrolo gic data was 10 percent or $33 million.
y bridge in New Brunsw ick,
that for a single purpose hydrolo gic project such as a second ary highwa
a design flow with and withou t
there can be at least a 70 percent saving in cost betwee n comput ing
$40 million (in 1990 dollars) ,
access to establis hed data at or near' the site. Since the provinc e spends
gic design data, the potenti al
on public transpo rtatioo and water works infrastr ucture requiring hydrolo
benefits are conside rable.
Conclus ion
from hydrolo gic services . Howeve r,
The above exampl es highligh t the significa nt benefits to be realized
and this is especia lly pertine nt in
the provisio n of hydrolo gical dattJ does not come withou t its cost
conduc t our business, the various
current fiscal realities. Now more than ever an explora tion of how we
must be explore d.
delivery options we have and the effectiv eness of these options
provide hydrolo gical service s. Any
Canada is actively assessing the various ways in which it can
in mind. Consul tations with clients
changes to program s must be made with users and potentia l users
of accurac y they require . Only then
are critical to determ ine how they apply the data and the degree
ization of data collecti on stations ,
can delivery options he defined . Options may range from a rational
al data. lt is through this process
to increas ing user fees, to modelli ng stream flows based on historic
assess the benefit s and costs of
that we will be able to realize the potentia l program efficien cies and
program delivery options .
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ECONOMIC IMPACT OF AGROMETEOROLOGICAL INFORMATIONS
APPLICATION . IN SAHELIAN AGRICULTURE SYSTEM : AN
EXAMPLE IN MALI
Yaya TOGOLA
Direct or Genera l of OHVN

I/ INTRODUCTION

Severe drough ts occured since the 70's have had a
greater negativ e inciden ce on agricu lture in sahelian countr ies.
Conseq uently, these countr ies founded an organis ation called CILSS (Comit~ Inter-E tat de Lutte contre
la S~cheresse dans le Sahel) to face the naturel
desaste r. Since then, CILSS has been always strengh tening its meteor ologica l and hydrol ogical service s
to efficie ntly assist sahelia n countr ies members of
the organi za-tion to be self-su fficien t in food
produc ts as well as secure wareho uses ( Traor~ and
konate, 1986).
Subseq uently, since 1982 meteor ologica l service s
provide d useful inform ations to OHVN (Niger River
High Valley Author ity), a Mali an public service
involve d in crops produc tion, tQ assist farmers in
operati ons plannin g within proper time-ta ble and
rationa l use of their farmlan ds (Konar~ K, 1989).
Agrome teorolo gical assista nce program s have reached
more than 13.700 farmers in OHVN framew ork areas and
have had an impact on :
- Seeding and croppin g system s ;
- Increas ing in millet , sorghum and corn produc tionr
- Environ ment protec tion,
- People 's migrati on from rural to urban areas
- Rural women's activi ties (Diara B, 1991).

II/ MAIN AGRICULTURAL CONSTRAINTS IN SAHEL
1. Extreme climate condit ions :

Rainfa ll is not enough most of the time and is not
well distrib uted throug hout sahelia n countr ies, a
situati on which causes seriou s bias to any attempt
for improve ment of croppin g system during the rainy
season or the dry season (irriga tion}.
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2. Soils qual ities :
Human press ure, poor ferti lizat ion rates (orga nic
and mine ral), wind and runof f effec ts on soils are
cons train ts that contr ibute to low ferti lity of
soils .
3. Low level of agric ultur al input s and
techn ologi cal packa ges :

Deriv es from :
- Non relia ble marke ting polic y for agric ultur e
specu latio ns ;
High input costs (seed s, ferti lizer s, chem icals
etc)
- Low crop yield s ;
- Clim ate varia bility .
4. Defic ient loans for agric ultur e devel opme nt
The afore ment ioned cons train ts limit
banks and
other finan cial insti tutio ns to carry out a large
agric ultur al polic y supor t progr am.
5. Mark eting polic y :
Farme rs are alway s facin g marke t price s probl ems and
do not have other incom e for famil y expe nditu res.
Cons equen tly, they just sell their produ ction to
meet their cash needs (Cou libaly O.M., 1988 ).
6. Demo graph ic press ure :
With an impo rtant popu lation grow th, crops produ ced
in this exten sive system canno t meet popu latio n's
needs in food.
7. Plant disea ses
Sahe lian clima te has a panop ly of depre dator insec ts
that great ly have an impac t on net farm incom e
(prof it) .
The
most
perma nent
threa t
is
the
persi stenc e of deser t locus t and grass hopp ers.

Ill/ AGROMETEOROLOGICAL ASSISTANCE PROGRAM IN MALI
Infor matio

ns provi ded are :
- Crop weath er calen dar conce rning the best seedi ng
perio ds for the main crops : mille t, sorgh um,
corn (Kona re, 1988, 1989) ;
- Agro clima tic
studi es for a good plann ing of
agric ultur al devel opme nt progr ams (Kona re K.,
1984. 1988)
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- Bulleti ns and· pamph lets in French and Bamana for
agricu ltural techni cians and farmer s.
- Agrom eteorol ogical inform ation includi ng weathe r
forecas ts for field operat ion (Diarra B 1985, Konare
and Konate, 1986} ;

IV/ ECONOMIC BENEFICS OF THE AGROMETEOROLOGICAL
PROGRAM WITH OHVN
1. For seeding :
on the basis of a releva nt crop calend ar issued by
Agrom eteorol ogical servic es and an adequa te plant
density , each assiste d farmer has been able to avoid
reseedi ng and then saved 5Kg of seeds per hectar .
contro l the total amount
For the area under
preven ted from loss is 205500 Kgs of cereals which
is estimat ed at cfa 16 million s (Diarra and Konare ,
1990), and can feed 1000 to 3000 persons a year.
2. For plant diseas es contro l :
Agrom eteorol ogical inform ations help farmers to save
labor, time and money in cotton pests and disease s
contro l. Applyin g such infoma tions has procure d a
pestici d saving of 3 l per hectar . This gain can be
evaluat ed at cfa 50 millio ns for one year produc tion
period in OHVN framew ork areas.
3. For crop yields
During the croppin g season 1993-9 4, the overal l
produc tion of millet sorghum and corn from 41000 Ha
was increas ed by 60% ( DNM, IER, OHVN 1993 )which
represe nt 24413 tons or cfa 1.34 billion .
This gain could be cfa 4. 3 billion if all OHVN
farmers are involve d and assiste d (95777 Ha).

V/

SQCJ~-~ _BE~_~FITS

- Less moveme nt of people from rural areas to big
cities (Coulib aly O.N., 1988) ;
- Better produc tivity for rural women' s daily
activit ies ;
- Ecosyst em preser vation by using less chemic als and
pestici des.
-Avoid waste of time, labor and money (Diarra B ;.
1991)

VI/ ~1.VStOJl
econom ic
The
inform ations is

Agrom eteorol ogical
of
impact
being apprec iated for sahelia n
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agricu lture sustain ability . More effort s are still
needed to apply such information~ in all sahelia n
countr ies in order to achieve food self-su fficien cy.
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1. Introducti on
In 1993, the Trade and Development Agency (TDA) of the USA in association with the
Ministerio del Ambiente y de Ios Recursos Naturales Renovables of Venezuela (MARNR)
funded a study aimed at modernizing the hydrometeoro logical services of Venezuela.
Although the study focused on the identification of the various hydrometeoro logical
systems requirements, network design, organizational structure and implementatio n
planning, one of the major task elements included was a financial and economic analysis of
the program. lt is this task element which is the focus of this paper.
At the present time, several different organizations participate in the hydrological and
meteoroiogica i measurements, forecasts and operations throughout Venezuela. Due to
poor in-country communicatio ns and long distances, overall low efficiency in interagency
cooperation and data exchange have resulted. The VENEHMET program provides a
cooperative National Center with participation by all of the existing agencies. To assist in
improving communicatio ns, a dedicated VSAT satellite data network will be installed just
for the collection and distribution of environmenta l data and forecast products.
The existing agencies will continue to operate their hydromet field systems and forecast
operations. Their operations, however, will supplement the National Center and this
information will be used to compile a Venezuelan national environmenta l gridded data
base. Since the existing agencies will continue to operate under existing budget structures,
their operational expenses are not included as part of the VENEHMET program expenses. lt
is important to note the expenses presented are only for the national upgrade and national
forecast center. These project expenses do not reflect the total aggregate Venezuelan
expenses in the hydrometeoro logical and environmenta l areas.

1.1 The VENEHMET Program
The Venezuelan modernization program was called VENEHMET.
consisted of upgrading the following specific areas:

The VENEHMET plan

Sensing Systems:
• Radar Network
• Synoptic Network
• Surface Hydrologic and Climatic Station Network
• Oceanographic Systems
• Lightning Location System
• Expansion of the Upper Air Network
• Aviation Weather Systems at Major Airports
• Satellite Imagery (NOAA Orbiters and GOES)
Data Processing Systems:
• Hydrologic Modeling
• GJS Integration
• Radar Mosaic
• Meteorologica l Workstations (Composite Weather Products)
• Numerical Weather Prediction
Communica tions:
• GOES Data Collection System (DCS)
• Commercial Satellite- Very Small Aperture Terminals (VSATs)
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1.2 VENEHMET Progr am Objec tives
al gridde d enviro nment al
The object ive of the VENEHMET progra m is to generate a nation
are targeted to provid ing
data base and from that, a fixed set of forecast produc ts which
h the distrib ution and use of
forecast guidance to specific Venezuelan activities. lt is throug
on the overall invest ment
these produc ts that the countr y of Venezuela will realize a return
in the progra m.

2. The Overall Model
The antici pated proje ct
The overall financial model consisted of two major elements.
ts by variou s users within
return s which are due to utiliza tion of the forecast produc
Venezuela and the cost of the proje ct itself.

2.1 Proje ct Retur ns
ing the recoverable losses to
The VENEHMET projec t returns were calculated by assess
are the percent of total losses
several specific indust rial activities. The recoverable losses
tion of adequate weath er
due to adverse weath er which could be prevented by the utiliza
forecasts in each particu lar indust rial activity.
on The Potential Econo mic
The model for the VENEHMET projec t returns was based
ped at the Depar tment of
Benefits of Improv ement s in Weather Forecasting model develo
This study was perfor med by
Meteo rology at California State University, San Jose in 1972.
John C. Thomp son.
sting capabilities and the
Specific model elements were modifi ed to reflect present foreca
particulars endem ic to the climat e and activities of Venezuela.

2.2 Proje ct Expe nses
d over and above the
The projec t expenses includ e the total new invest ment require
ses curren tly budge ted by
existing operat ional and on-go ing hydrom eteoro logica l expen
includ e project start-up costs,
the differe nt agencies within Venezuela. These expenses
g. These expenses extend for
trainin
ces
resour
nel
equipm ent, logisti cs suppo rt and person
a period of ten years from the start date.
The major project expense categories are:

o Implem entatio n Costs
o Architecture and Engineering
o Integrated Logistics Services
o

Professional Trainin g

o Equip ment Costs

- 171 -

3. Proje ct Expense Elements
The project expenses were divide d into two separate categories:
o
o

Opera tional expen ses which involv e the VENEHMET
implem entatio n and
recurring contin ued operations, and
Fixed costs for Equip ment consisting of compu ters, data
processing softwa re
and the hydrom eteoro logica l sensing systems.

The opera tional expen ses consis t of:
o
o
o
o
o
o

VENEHMET Project Office Implem entatio n Costs
Architectural and Engine ering Costs
Integrated Logistics Services
Professional Trainin g
VSAT Space Segme nt
Upper Air Consumables

The equip ment expen ses are those one-time expenses incurre
d for the purchase of the
follow ing hardware and software:
o

CAPHN
• Interim Weather Forecast Service
• Interactive Graphics Weather System
• GOES DCS Receive Site
• Satellite Image ry Receivers
• Meteo rologic al Processor
• Hydro logica l Processor
• NWP Processor
o Satellite Comm unicat ions
• VSAT Hub
• VSAT Termi nals
o Surface Observation Systems
• Autom ated Remote Stations
• ASOS
o Radar
o LLS
o Field Works tations
o Upper Air Station s
o NWP Model Develo pment

4. VENEHMET Recoverable Losses
The VENEHMET projec t generates and distrib utes a fixed set
of forecast produc ts to variou s
industries and other activities throug hout Venezuela. These
forecasts are a·com binatio n of
text and/or graphi cs depen ding upon the specific use and applic
ation. Graphics produc ts
include satelli te image ry, weath er radar mosaics and compo
site products consis ting of
combi ned satellite cloud image ry, surface charts and weath er
radar data. Anima ted trends
using any weath er produ ct or data base also may be genera
ted. tn additio n; the CAPHN
will produc e a series of custom weath er graphi c forecast produc
ts for TV and Radio media
· rH..-+rih• •-tinn tn th"" n""n""rA I n11hlir.
.
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ned by
The forecast lead time and period requirem ents for these product s were determi
The
s.
activitie
addressing the requirem ents of several select industrie s and national
saving
or
,
activities selected were those capable of prevent ing damage, increasing harvests
forecast
manpow er and other resources due to having available and using accurate
products.
of the overall
The followin g activities and industrie s were identifie d, and included , as part
model for calculat ing the returns to Venezuela:
0
0
0
0
0
0
0
0

Agricult ure
Aviation
Electric Power Generation
Constru ction
Energy (Oil Product ion)
Manufa cturing
Transpo rtation
Other

was used
The Potential Econom ic Benefits of Improve ments in Weathe r Forecasting model
s as a
product
t
as the basis for top down loss calculations. On the basis of using the forecas
total
the
of
solution to mitigate a portion of the losses due to adverse weather, an estimate
adverse
to
due
project returns can be generated. The model first determi nes the losses
by summin g
weather in each of the activity areas listed above. The total is then obtained
the total recoverable losses from each category.

4.1 VENEHMET Projec t Return s Model
la from
The VENEHMET project returns represent the effective recovered returns to Venezue
were
returns
These
.
program
ET
VENEHM
the
of
part
the forecast product s utilizatio n as
a
for
forward
d
projecte
was
model
The
model.
l
estimated on the basis of the financia
shown.
is
forecast
of
year
period of ten years, althoug h only one
if" scenarios
Several variables were integrated into the spreadsheet model such that "what
growth and
GNP
d
estimate
the
were
factors
nt
significa
could easily be accomplished. The
Dollars.
and
conversion rate between Bolivars
based on
The initial GNP growth factor and expected currency exchange rates were
CORDIPLAN guidelin es.

4.1.1 Variabl es
:
There were several variables considered in the VENEHMET model. These included

GNP Growth :

Since the latest GNP number s available were for the year 1992 an estimate
had to be made to forecast the GNP by industria l activity to the year 2005.
To estimate the future GNP, the 1992 GNP number s were simply
compou nded for growth according to the CORDIPLAN estimates.

by
Effecti veness: The model recoverable losses represent the total mitigate d recoveries
industry or activity area.
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Learning Curve: New forecast products and product distribution will not be available to
the users at the beginning of the VENEHMET project. thus the
effectiveness must be further weighted to account for the ramp-up of the
program.

Time Shift:

Since the VENEHMET project will not produce forecast products at the
very beginning, there must be a time shift to initialize the learning curve
factor. The time shift initializes the learning curve factor to be coincident
with the start of the VENEHMET forecast product utilization.

4.2 VENEHNiET Project Returns Model Results
The VENEHMET model illustrated both Recoverable losses by Activity and Total Weighted
Recoverable losses. Among the most striking results of the Recoverable losses by Activity
model is the proportionally large recoverable losses which can be obtained by the
agricultural acitivities within the country. The model illustrating the Total Weighted
Recoverable losses reflects the GNP growth, effectiveness and learning curve weighting
described in the complete document.
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CONFERENCE ON THE ECONOMIC BENEFITS OF
METEOROLOGICAL AND HYDROLOGICAL SERVICES
FORECASTING ROAD WEATHER CONDITIONS THE PRACTICE AND THE FINANCIAL BENEFITS
Mr D.M. SELWAY- OCEANROUTES (UK) LTD
Mr K. EVANS - POWYS COUNTY COUNCIL
THE PRACTICE
For a number of years Highway Authorities responsible for maintaining roads in many countries
have had available to them weather forecasting and monitoring services designed specifically for their
use, particularly during winter months.
In the UK the overall service is a successful combination of site-specific forecasting, real-time
data monitoring, and direct consultancy between the client decision-maker and the duty forecaster. As
it is known that considerably less salt is required to prevent ice forming than is required to disperse ice
after formation, the accent is on prediction rather than detection, and therefore the ability to take
preemptive action whenever possible. The aim of such team work is to plan, in advance, for a
forthcoming weather-related road hazard, optimize the use or non-use of expensive labour and materials,
and finally to be able to react correctly and, in a timely fashion, to unforseen developments.
Data measurement and distribution
Broadly each County Council within the U.K. will have a number of carefully sited monitoring
stations distributed throughout their area. Each connected to a Master Station or Bureau, providing
central access to the Authority's personnel and to their Forecast Organisation. Such monitoring stations
will measure road surface temperature (RST) and road surface condition, in addition to the normal
meteorological parameters. A number of these sites will be designated as "forecast sites", and for these,
site-specific temperature prediction curves are prepared.
Forecasting
Oceanroutes uses a heat balance model in order to compute road surface temperatures for the
forthcoming 24 hours. This model requires the input of predicted values of wind speed, air temperature,
dew point, cloud cover and type, and precipitation details at standard 3-hourly intervals.
To complete the forecast package various text-based forecasts are included. Such text forecasts
may include a 24-hour site-specific text, a 24-hour weather-domain text and a forecast in broad terms
for days 2 to 5 ahead. Each set of forecasts will be uploaded into the Bureau or Master Station soon after
midday, and will form the basis for the client to develop his "action plan" for the forthcoming 24 hours.
This "plan" is communicated to the labour force for action and to the forecast office for monitoring.
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Monitoring and consultancy
Throughout the 24 hour period the forecast office will monitor and compar
e site data with
forecast values, and will alert the client should it appear likely that an adjustm
ent to the "action plan"
be necessary.
The service also includes a 24-hour consultancy option, whereby the client is able
to discuss the
forecast and the developing weather situation directly with the forecaster. In this
way informed decisions
can be taken at a late stage. This approach maximises the skills of both the
road engineer and the
weather forecaster, and experience has shown that success rates of 95%
are attainable in such
circumstances. (Powys CC 1994)
Results
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Statistical results reveal that successful predictions of sub-zero RST are typically 85-90% (Figure
1), with a standard deviation of around 1. 5 to 1. 7. It should be noted that the inherent standard deviation
of the heat balance models in general use is of the order of one degree C. (Thomes, Shao 1991)
The distribution of forecast bias (Figure 2) shows a remarkable symmetry about zero, with the
majority of forecast values falling within 1 degree of the recorded vaiues.
FINANCIAL BENEFITS
Wales (not unlike Scotland) is a large geographical area with a predominantly mountainous terrain
served by a significant strategic highway network which experiences wide variations in weather
conditions particularly in the winter months.
Powys is the second largest county in Wales and the most sparsely populated (118,000).
Traditionally we have taken pride in providing an effective Winter Maintenance Service
Organisation to keep the strategic routes free of ice and snow.
The Main elements in the organisation are:
Specialist Plant

Accurately calibrated to spread salt to prevent the formation of ice
and equipped With ploughs to clear snow.

Operatives

Adequately provided to ·operate plant and readily available to
respond to emergencies.

Salt

Correctly graded and stored in 'dry' conditions to maximise rates
'
of spread.

Weather Forecast
/Service

To predict weather conditions to assist in the decision on action to
be taken~

Code of Practice
The Welsh Office 'Code of Practice for Winter Maintenance of Motorways & Trunk Roads'
specifies response times to commence and exeeute certain operations and demands that formal
arrangements exist with the provision of plant, operatives and salt to comply 'with the requirement to
provide for the safe movement of traffic on Trunk;>Roads and keep to rninimum delays and accidents
caused by adverse weather conditions. This speeification is also applicable to the County Principal
Roads included in the strategic highway network.

a
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Marginal Periods
Low Periods
High Periods

October and April
November and March
December, January and February

Defined in the code of practice with corresponding response times to cater for conditions
which
are generally expected during these periods.
Planned Action
This is determined by taking into account the weather forecast and interrogating road sensors
located strategically on the road network for information such as road surface temperatures
and residual
salt levels, these sensors are also utilised by the forecasting organisation in compiling forecasts
.
Precautionary salting involving evening and dawn patrols occur throughout the season
as
conditions demand when the accuracy of the forecast and considered judgement of the Duty
Officer in
interpreting the information available to him can result in savings from abortive salting particula
rly in
the marginal and low periods.
Cost Savings
In an era of competitive tendering and restricted road maintenance budgets, Winter Mainten
ance,
which represents in the order of 10% of the revenue budgets, has not escaped scrutiny.
Plant and Route optimisation together with the provision of salt barns to retain salt in
'dry'
conditions to maximise spreading operations have featured in the economy measures.
Probably the introduction of more road sensors and the closer working relationship with
the
forecasting organisation, particularly with the introduction of the 'consultation service', has
over a ten
year period resulted in a better understanding of the 'end user' requirements with more
flexible
arrangement to 'update' forecasts where required particularly in 'marginal' conditions.
In the County of Powys, the cost of a precautionary salting is approximately £10,000. If abortive
operations can be avoided significant savings can be made.
Recent developments
Recently it has emerged that further financial benefit is possible by optimising salting routes.
Usually salting routes are determined by non-meteorological factors, but optimisation using
thermal
mapping techniques can be employed to identify "warmer" and "colder" routes, allowing
greater
flexibility when deploying salting crews.
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THE UK
THE ECONOM IC BENEFITS OF MET SERVICES TO ROAD WINTER MAINTEN ANCE IN

Dr John E. Thornes
Director of the Birmingham Climate and Atmospheric Research Centre
The University of Birmingham - United Kingdom

An attempt is made to estimate the economic benefit of road weather
Abstract
forecasts to highway authorities in the UK. Estimates of the costs of accidents,
environmental damage and delays are made and compared to the cost of road winter
maintenance with and without weather forecasts. The total benefit of weather forecasts
to Highway Authorities in the UK is estimated to be of the order of £160M at 1992
prices.
lt is not known how many road accidents in the UK are caused by the weather, or
1.
made more serious due to skidding on a wet or icy road. Obviously snow, ice, fog and strong
winds do make driving more hazardous (Palutikof, 1991; Thornes 1991, 1993). Accident
statistics recorded by the Police (a 'Stats 19' form is completed for every reported accident)
show that of 233,025 accidents involving injury and reported in 1992, the weather was:
Raining
Snowing
Fog

for 40,983 accidents
395 accidents
for
for 3,281 accidents

(18%)
(0.2%)
(1.4%)

and the road surface was:
· Wet or flooded for
for
Snow or ice

84,372 accidents (36%)
5,125 accidents (2.2%)

Considering that it only rains in the UK for less than 10% of the time it would appear
from the above figures that rain is a significant factor in road accidents. Also it should be
noted that 2.2% of accidents occur when snow or ice is on the road, despite the fact that we
spend on average about £100 million per winter in the UK on the winter maintenance of roads.
The cost of the 5,125 accidents when the road surface was covered in snow or ice can
2.
be calculated using the Department of Transport (DoT; 1992) valuation ofthe average cost per
accictent:
1992 Cost of Accidents when Road Surface covered in Snow or Ice
Fatal
Serious
Slight

£824,890
£90,590
£ 9,810

Total

*
71
* 927
" 4127
5125

= £58,567,190
= £83,976,930
= £40,485,870

--------------

£183,029,990

The figures for 1992 are typical for the milder than average winters of 1991/92 and
1992/93. In colder years the costs could be much higher. For simplicity let us assume an
average cost of £200M/annum.

Dr. Johnc E~ Thornes
BCAR University of Birmingham
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3.
The accuracy of Road Weather forecasts in the UK has risen to greater than 85% in
the last few years. The UK Met. Office offer the 'Open Road' service and Ocean Routes offer
a similar service to highway authorities (for convenience both services will be called 'Open
Road'). This has meant that real savings have been made by reducing the number of road
saltings, ensuring that presalting is carried out and by reductions in staff costs. Also it must
be remembered that de-icing chemicals, particularly salt, are corrosive to vehicles and damage
the environm ent- currently to the tune of approximately £90M per annum (see Table 1). The
estimates of environmental damage in Table 1 are estimates based on the amount of vehicle
corrosion due to salt (especially exhausts which need to be replaced every three years or so)
and damage to road structures and bridges etc. Salt also damages vegetation and soils and
can damage groundwater supplies. However the net cost of corrosion and environmental
damage is mitigated by the benefits to manufacturers of new cars and parts who increase their
sales. The estimates shown in Table 1 take this into account Also it is assumed that
environmental damage increases exponentially with increase in salt usage.
4.
These accidents due to snow and ice took place on the few occasions when the 'Open
Road' forecasts were too warm - this is called a Type 1 error i.e. the minimum road surface
temperature in an area was forecast to be above zero degrees celsius and no salting therefore
took place, when it fact the road surface temperature fell below zero. The number of such Type
1 errors and consequently accidents, obviously also depends upon the severity of the winter.
Also of course some accidents take place on roads that are not salted - but these are assumed
to be of relatively minor importance.
5.
lt is very difficult to estimate how the accident rate would be affected if there were no
forecasts and no salting of roads. However during the winter of 1978/79 there was a
widespread 'gritting' strike and roads were not salted for half the winter. The accident rate due
to snow and ice doubled that winter. This would suggest that the accident rate due to snow
and ice might quadruple if there were no weather forecasts and no roads were salted to give
a total bill of £800M as shown in Table 1.
6.
If roads were salted every marginal night to reduce the possibility of accidents then the
maintenance costs would increase. Currently in the UK roads are salted about one third of the
nights in winter at a total cost of £1 OOM (approximately £33M on salt, £33M on labour, £33M
on plant and depots). If weather forecasts were not available and roads were salted on all
marginal nights when the road temperature was expected to fall below 5 degrees celsius i.e.
approximately two nights out of three, then the maintenance cost would increase (double the
salt plus additional labour and plant depreciation costs) to say £200M. There would still be
some occasions when they got it wrong so that there would still be some accidents. Also the
environmental damage would more than double as shown in Table 1.
7.
If roads were salted every winter night then the environmental damage would be
excessive and the total cost would be more expensive than no salting at all as shown in Table

1.

8.
Delay costs are difficult to calculate although estimates of delays due to road works,
accidents and the weather are as high as £15 billion/annum. If weather delays are estimated
to be of the order of £0.5M to £1 billion/annum due to rain, fog, ice and snow then if roads were
not salted it could be estimated that delays would be at least £1 billion of which at least £500M
would be due to snow and ice . Now approximately 400 Billion km are driven in the UK every
year by about 25 million motorists averaging about 16,000 km/annum. The average speed is
about 80 km/hour which means that motorists spend about 5 Billion hours behind the wheel.
If the total turnover of road transport in the UK is about £80 Billion/annum then the cost per .
hour is £16/hour. Thus a delay of one hour could be said td cost £16. If all 24 million motorists
are delayed by 1 hour per year by the weather this would cost £384M. Table 1 assumes that
delay costs are halved, due to 'Open Road', from £500M to £250M which is the equivalent of
Dr. John E. Thornes
BCAR University of Birmingham
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reducing the average delay from 1hr 20 min to 40 minutes/annum.
Thus to calculate the net benefit of weather forecasts we can say that a saving of
9.
£170M has been made compared to salting all marginal nights without
£810M - £640M
weather forecasts. However £1 OM of these savings due to the introduction of 'Open Road' can
be attributed to the introduction of road sensors and better communications so that the total
benefit due to weather forecasts is of the order of £160M.

=
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TABLE 1
Cost of the Winter Maintenance of Roads (1992 prices)
-

Accidents

Maintenance

Environment
Damage

Delays

Total

No salting

£BOOM

-

-

£500M

£1300M

Pre OpenRd

£250M

£120M

£120M

£320M

£ 810M

Open Road

£200M

£100M

£ 90M

£250M

£ 640M

Salt all
Marginals

£150M

£166M

£244M

£250M

£ 810M

Salt every
Night

£ 50M

£233M

£663

£100M

£1046M
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The United States Natio nal Weath er Servic e and
The Priva te Weath er Indus try:
A Publi c-Priv ate Partn ership
Dr. Elber t w. Friday , Jr.
Perma nent Repre sentat ive of USA with WMO
Introd uction
Accur ate and timely weath er and river forec asts and warnin
g
system s are vital to the safety and well-b eing of the Natio
n's
popul ation.
The strong coope rative relati onshi p betwee n the
Natio nal Weath er Servic e (NWS) and the priva te secto r provid
es
the gener al public and indus try with more accur ate and timely
weath er and river forec asts and other hydro meteo rologi cal
produ cts.
This partne rship allows each secto r to perfor m those
functi ons which it can carry out best and avoid unnec essary
duplic ation or compe tition.
In Janua ry of 1991, the NWS, in conju nction with the priva
te
weath er indus try, develo ped a compr ehensi ve policy statem ent
which define d the relati onshi p and respe ctive roles of the
NWS
and the priva te secto r.
Histo rical Persp ective
It is appro priate to note that the 1991 policy statem ent
differ s little in substa nce than that recomm ended by a speci
al
commi ssion to the Secre tary of Agric ulture in 1940 or any
of the
sever al policy formu lation s endors ed by the chiefs of the Weath
er
Bureau and past direc tors of the Weath er Servic e. While the
substa nce remain s virtua lly unchan ged, capab ilities of the
NWS
and the priva te secto r have change d.
As an examp le, the role of the Natio nal Weath er Servic e in
mass weath er dissem inatio n has come full circle .since the Weath
er
Bureau first ventu red into this arena after World War II.
Today
as never before this is the best examp le of a worka ble and
succe ssful publi c/priv ate partne rship. The NWS has dives ted
its
intere sts in many activ ities it had carrie d out for years such
as:
o

Direc t comm ercial radio and televi sion broad casts

o

suppo rt to newsp apers

o

Weath er-by- teleph one record ing servic es.

Today the NWS works closel y with the mass weath er
dissem inator s to ensure that the public receiv es timely weath
er
warnin gs and forec asts.
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The evolut ion of applied meteor ology from primar ily a
Govern mental functio n to today' s situati on where specia lized
service s are provid ed by the privat e sector has also taken place
In that period applied meteor ology
largely since World War II.
has evolve d from a gradua l develop ment in the applic ation of
meteor ologica l inform ation to an explos ion of new produc ts and
service s offered by the privat e weathe r inform ation indust ry.
In 1977, the Nation al Oceani c and Atmosp heric Admin istratio n
(NOAA) issued a formal policy directi ve which define d the
NOAA/NWS commit ment to provid e suppor t to nongov ernmen t
meteor ologist s and climat ologist s whenev er such suppor t can be
given within availa ble resour ces, withou t partia lity and withou t
It
compro mise of regula tions concer ning releas e of inform ation.
also noted that "NOAA will avoid provid ing servic es which
proper ly should be provid ed by privat e meteor ologist s or
climat ologis ts.fl
Today, privat e compan ies in the weathe r inform ation servic es
industr y range from individ ual consul tants to large firms having
nearly 100 profes sional meteor ologist s on their staffs . There
are over 100 differe nt firms operat ing in all facets of the U.S.
weathe r industr y, with annual revenu es betwee n 50 and 150 millio n
dollar s. More than 10% of the 8000 profes sional meteor ologis ts
in the United States are engage d in some facet of indust rial
meteor ology, is the comme rcial applic ation of weathe r inform ation
to the operat ional problem s of busine ss, indust ry, transp ortatio n
and agricu lture.
Policy on Access to Weathe r Data - Evolut ion
For many years 1 it has been U.S. Govern ment practic e to allow
ready access to all weathe r data and inform ation servic es to non
Federa l users. The NWS, the Nation al Enviro nmenta l Data and
Inform ation Servic es (NESDI S}, and the Federa l Aviatio n
Admin istratio n (FAA} have all taken seriou sly the commit ment and
obliga tion to make their data and commu nication servic es
availa ble to extern al users. The FAA's slow speed alphan umeric
teletyp e servic es, the NWS' facsim ile and NOAA weathe r Wire and
other intern al commu nication s system s became princi pal source s o:f
weathe r data and inform ation for hundre ds of users outsid e the
Federa l Govern ment.
These servic eswere made broadly availa ble, subjec t only to the
signing of an agreem ent assurin g respon sibilit y of the applic ant
for the proper use of the data and inform ation. Therew ere no so
called "user fees" in place at the time of the establi shmen t of
these servic es. Becaus e·the commu nication circui ts were require d
in the operat ion of the Govern ment agency office s, most of the
cost of these service s was borne by the Govern ment. The extern al
user paid only those costs incurre d to extend the servic e to the
users work locatio n from the NWS.
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In the late 70s and early 80s subs tanti al chang es began
to take
place in the data servi ces provi ded by the NWS, NESD
IS, and the
FAA. Follo wing imple menta tion of the NWS progr am which
autom ated
its field opera tions and servi ces tradi tiona l telety
pe servi ces
phase d out and a new highe r speed Famil y of Servi ces
(FOS) becam e
avail able in 1983 to meet the needs of many high volum
e data
users . Today the FOS is compo sed of eight separ ate
mediu m speed
data servi ces which provi de acces s to the mete orolo
gical ,
hydro logic al and ocean ograp hic data and infor matio n
needs of U.S.
based comp anies.
When the NWS's Famil y of Servi ces was estab lishe d in
1983, a user
fee polic y was first insti tuted predi cated on the fact
that any
addit ional costs incur red in makin g data avail able to
indiv idual
users shoul d be paid for by those users .
Each year the user fees
are adjus ted based only on the actua l costs of provi
ding acces s
to the FOS data servi ces.
Prote cting the Free and Open Inter natio nal Excha nge
of Data
Natio nal mete orolo gical servi ces throu ghou t the world
provi de
warni ng and forec asts to their natio ns for the prote
ction of the
publ ic's safet y as a funda menta l activ ity. Howe ver,
there are
many speci al servi ces in meteo rolog y and hydro logy which
are not
direc tly conne cted with publi c safet y. Throu ghout the
world ,
coun tries have diffe rent appro aches to makin g these
servi ces
avail able. The mann er in which speci alize d servi ces
are provi ded
has resul ted in a wide varie ty of arran geme nts that
refle ct the
state of devel opme nt of a count ry, its socie tal and
polit ical
infra struc ture, and in many cases , the preva iling econo
mic
cond ition s.
With easy acces s to impro ved comm unica tions capa bility
the
poten tial for priva te servi ces from outsi de a count ry
comp eting
with a natio nal servi ce has becom e a reali ty.
Every one is
seeki ng to perpe tuate arran geme nts with which they are
fami liar
and which are in accor dance with their own natio nal
polic ies,
proce dures ; laws, and pract ices. Howe ver, in the inter
natio nal
conte xt, their own arran geme nts may conf lict with other
s
there fore, canno t be suita bly imple mente d by every coun and
world . Only indiv idual coun tries can decid e what they try in the
will
perm it withi n their own juris dicti ons. In the u.s.
priva te
comp anies are free to marke t their servi ces.
Free excha nge of data is a funda menta l princ iple in
the
inter natio nal mete orolo gical comm unity.
In order to ensur e the
princ iple of free excha nge of data, each natio n indiv
idual ly, as
well as colle ctive ly, must think in both the near and
i.e., what is best for its own mete orolo gical servi ce long- term,
in the
near- term econo mical ly and what will be the long- term
conse quenc es for the princ iple of free excha nge of data
inter natio nally .

- 184 -

The curren t World Meteor ologica l Organi zation (WMO) debate
on intern ationa l data exchan ge and the propos ed restric tion of
data from the worldw ide pool is of great concer n in the United
States .
Not only does it threate n the contin uing free and open
exchan ge of all types of environ mental data, but many in the
United States see it as an econom ic trade issue. Many of the
Nation al Meteor ologica l Servic es (NMS) have found themse lves in
compe tition with privat e weathe r servic es, and are the same ones
that propos e to restri ct the availa bility of some meteor ologic al
data in order to restri ct compe tition.
It is our hope in the United States that this issue is
resolve d so that the free and open exchan ge princi ples is not
jeopard ized.
Policy Statem ent on the Weathe r Servic e/Priv ate Sector Roles
Genera l Criter ia
The policy statem ent is based on the respec tive roles of NWS
and the privat e sector describ ed below:
o

The primar y missio n of the Nation al Weathe r Servic e is
the protec tion of life and proper ty and the enhanc ement
of the nation al econom y. Hence, the basic functio ns of
NWS are the provis ion of foreca sts and warnin gs of severe
weathe r, floodin g, hurrica nes, and tsunam i events ; the
collec tion, exchan ge, and distrib ution of meteor ologic al,
hydrol ogic, climat ic, and oceano graphic data and
inform ation; and the prepar ation of hydrom eteorol ogical
guidan ce and core foreca st inform ation. The NWS is the
single "offic ial" voice when issuing warnin gs for lifethreate ning situati ons and is the source of a common
nation al hydrom eteorol ogical inform ation base. The
nation al inform ation base forms an infras tructu re on
which the privat e sector can build and grow.

o

The NWS will not compet e with the privat e sector when a
servic e is curren tly provid ed or can be provid ed by
comme rcial enterp rises, unless otherw ise directe d by
applic able law.

o

The privat e weathe r indust ry is ideally suited to put the
basic data and common hydrom eteorol ogical inform ation
base from the NWS into a form and detail that can be
utilize d by specif ic weathe r and water resour ces-·
sensiti ve .users. The privat e weathe r indust ry provid es
genera l and tailore d hydrom eteorol og.ical foreca sts· and
value-a dded produc ts, and service s to segmen ts of the
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popul ation with speci alized needs .
Policy
In order to carry out its missio n and foster this publi cpriva te partn ership , NWS shall:
o

Colle ct and exchan ge hydro meteo rologi cal data and
inform ation on a nation al and intern ation al basis ;

o

Issue warni ngs,an d forec asts of severe weath er, floods ,
hurric anes, and tsunam i events which adver sely affec t
life and prope rty;

o

Issue weath er, river, and water resou rces forec asts, and
relate d guidan ce mater ials used to form a commo n nation al
hydro meteo rologi cal inform ation base for the gener al
public , priva te secto r, aviati on, marin e, fores try,
agric ultura l, navig ation, power intere sts, land and water
resou rces manag ement agenc ies, and emerg ency manag ers at
all levels of govern ment;

o

Provid e clima tologi cal summa ries, freque ncies, and limits
of hydro meteo rologi cal eleme nts to estab lish a basis for
variou s Feder al regula tions and design criter ia and to
suppo rt the real-t ime opera tions of federa lly-op erated
facili ties;

o

Provid e priva te weath er access to near real-t ime
alphan umeri c and graph ical data and inform ation throug h a
variet y of techni ques;

o

Estab lish basic qualit y contro ls for the observ ed and
collec ted data, and provid e the user commu nity with
suffic ient inform ation to evalu ate data and forec ast
reliab ility and appli cabili ty;

o

Condu ct and suppo rt resear ch and develo pment of
atmos pheric and hydro meteo rologi cal model s;

o

Produ ce globa l, nation al, or gener al region al atmos pheric
model s and river basin model s.

The NWS also recog nizes the impor tant contri bution that
priva te broad cast meteo rologi sts, newsp apers, and news agenc
ies
make to the timely dissem inatio n on NWS watch es and warnin gs
and
other produ cts that may requir e public respon se. The
relati onshi p is one of mutua l suppo rt and coope ration .
In order
to prote ct the compe titive nature of the privat ely-ow ned media
,
direc t NWS partic ipatio n with the radio and televi sion media
should be limite d to those situat ions requir ing urgen t publi
c
action as in the case of severe or extrem e weath er and floodi
ng
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or education al and preparedn ess activitie s.
The private weather industry provides:
o

Tailored weather, river, and water resources forecasts
detailed hydromete orological informatio n, consultat ion,
and data for weather, river, and water resources
sensitive industrie s and private organizat ions;

o

Value-add ed products such
related computer hardware
systems, imaging systems,
charts, graphs, maps, and

o

Climatolo gical summaries , probabili ty values of weather
extremes, and similar material for specific design and
construct ion problems.

as weather and hydrologi cand software, observati onal
displays, communic ations,
images for clients;

This concept of a public-pr ivate partnersh ip is not intended
to discourag e or preclude the private sector from providing
comments and advice on publicly issued warnings and forecasts nor
governmen t agencies from obtaining weather services from the
private sector. However, in the critical area of severe weather,
hurricane , flood, and tsunami warning, the NWS is the single
"official" voice.
The evolution of the partnersh ip which I have briefly described
It offers the
has come a long way in the last 50 plus years.
ensure that the
to
needed
ion
coordinat
and
n
promise of cooperatio
It can't
service.
weather
possible
best
the
receives
U.S. public
any
minimize
should
it
But
however.
ties,
cover all possibili
ns.
expectatio
ble
unrealiza
or
tandings
misunders
The overriding goal is to ensure that the Nation receives the
full benefit of available weather and hydromete orological
informatio n to promote the safety of life and property and
economic prosperity .
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NMHS/PRIVATE SECTOR COLLABORATION FORECASTS
THE U.S. MODEL AND ITS IMPLICATIONS
Barry Lee Myers
Executive Vice-President, ACCU-W eather, Inc.

ABSTR ACT

The United States has developed a public/pri vate partnership between (1) its
governme nt-sponso red, taxpayer- supported NMHS (the United States National Weather Service)
and (2) a number of private business organizations specializing in weather forecastin g, depiction
,
informatio n, and distributio n.
The nature of the governme nt/busine ss relationship will be explored in this paper. The
benefits to the end users will be discussed. The social and economic benefits to the nation
will
be explored.
The underlying

concepts involving

freedom of informatio n,

public/pri vate

sector
co-operation and allocation of society resources, as they exist in the United States
will be
discussed.
Existing relationships between U.S. businesses and those of other countries will be noted
and explored and the impact of evolving technolog y with respect to end users worldwid e
will be
discussed.
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BENEFITS TO END-USERS OF NMHS/PRIVATE SECTOR COLLABORATI ON IN JAPAN
Kunio Sakurai
Japan Meteorological Agency
1-3-4 Otemachi, Chiyoda-ku, Tokyo 100
1. Present state of meteorological information services in Japan
Japan is an island nation lying off the east coast of the Asian Continent. It extends in an
arc of about 3,000 km from the subtropicto the subarctic. Japan's land area is about 378,000
km2 • Sixty-se~en per cent of this is mountainous. Residentiaf land only accounts for a couple
of per cent and is prone to suffer from natural disasters such as floods and land slides caused
by severe meteorological phenomena, such as typhoons, heavy rains and heavy snowfalls. In
this connection, meteorological information plays a vital role as disaster mitigation information
with a view to protection of life and property of the nation. The socio-economic activities also
highly depend on meteorological conditions. Japan has not only four distinct seasons but also
great varieties of meteorological phenomena from time to time and from region to region.
Therefore, the weather forecast is widely utilized by the general public.
Services by JMA
The weather forecast to the general public and the warnings and advisories for the
meteorological phenomena which will cause natural disasters are issued by the Japan
Meteorological Agency GMA) as a National Meteorological and Hydrological Service (NMHS).
It operates a meteorological observing system including the Geostationary Meteorological
Satellite (GMS), the Automated Meteorological Data Acquisition System (AMeDAS), weather
radars and upper-air observation stations to cover the whole country in addition to surface
observations by the meteorological offices. Utilizing not only the domestic meteorological
data, but also meteorological data collected globally through the GTS, the super computer
system performs the numerical analysis and prediction on global, regional and local bases. As
well, using the data from the radars and the AMeDAS, JMA implements three hour forecasts
of precipitation. Taking account of local weather characteristics, weather forecasts are issued
for the 136 blocks in the whole country. Average area of each block is about several thousands
square kilometres and one prefecture consists of a couple of blocks. On the other hand,
warnings and advisories are issued for smaller blocks, of which number amounts to 191, by
the responsible meteorological offices for each area.
Services by the private sector
Under the framework before the Meteorological Service Law was amended in May 1993
as described in the section three of this paper, the private sector has provided weather forecast
services under ·the permission of the Director-General of }MA according to the provision of the
Law.
It has been providing not only local specialized meteorological forecast to various business
areas such as harbour management, civil engineering, road management, electric supply and
leisure industry but also explanatory advice concerning the weather forecast prepared by JMA
to the mass media. As of 1993, JMA entitled about 20 private meteorological companies to
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conduc t meteorological forecast services. The market for weathe r informa tion service
s in
Japan is said to amount to around two hundre d million US dollars per year.
2. Needs for meteorological services in Japan
The modernization in societies and industries and the diversification of socio-economic
activities have increased their depend ence on the meteorological informa tion. They
have
required various kinds of meteorological information. Consequently, the more detailed
and
accurate the weathe r forecast is, the more economic benefits it brings to the socio-economi
c
activity concerned. In this regard, it is require d to improv e the accuracy of local weathe
r
prediction for specified area by overcoming the difficulties due to large spacial and tempor
al
variability of meteorological phenomena in Japan. Economic benefits have been brough t
about
by the provision of the value-a dded produc ts and information tailored to specific needs
of
clients and by the distribution of information by the advanced media such as request and
reply
systems.
Recently, associated with the development and prevalence of telecommunication and
information processing technology, massive and wide-ranging meteorological information
can
be processed and disseminated. Consequently, a large variety of meteorological informa
tion
services are expected. Some of these services are approp riate to be provide d by the private
sector because the specific services are far from those provide d by a NMHS as a nationa
l
minimum, which means the basic services by the public sector to the general public. Therefo
re,
the new framework for meteorological information services which respond to the develop
ment
of highly information-oriented society was introduced as described in the next section.
3. A new framew ork of collaboration betwee n JMA and the private sector
In order to respond to the wide-ranging needs for meteorological services, ]MA adopted
a new framework to promot e comprehensive meteorological informa tion services through
the
collaboration and coopera tion betwee n JMA and the private sector on the basis of
the
recommendations propose d by the Meteorological Council which is the advisory organ to
the
Director-General of JMA.
In the new framework, the roles of JMA and the private sector in the meteorological
services ·are clearly identified as follows;

The roles of JMA are
· -to operate observation system, to collect data and information under_the framew ork
of WMO, and to prepare numerical weathe r prediction and meso-scale quantit ative
prediction products;
- to provide disaster mitigation meteorological information;
- to issue weather forecast of prefectual sub-regions to the general public; and
-to prepare the basic guidance materials for local forecast-and to provide the private
sector with them for the services by the private sector.
The roles of the private sector are
- to tailor meteorological information to the needs of the media;
- to provide local weather prediction for specific area and/ or purpose; and
-to prepare value-added products and information tailored to specific needs of clients.
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With a view to enhancing the activities of the private sector, in particular issuing sitespecific weather prediction to the public, the following conditions should be satisfied.
(a) Establishment of framework for utilization of various data from JMA including grid point
values (GPVs) of numerical weather prediction.
(b) Prevention of confusion among the public caused by issuing largely different forecasts for
the same phenomena by JMA and the private sector and the consideration of the maintenance
of good quality of forecast products prepared by the private sector through the introduction
of the certificated weather forecaster system.
In order to satisfy the above conditions, JMA made some amendments to the
Meteorological Service Law to aim at establishing a new framework of distribution of
meteorological data and information from JMA to the private sector and reviewing the
authorization system for forecast services made by non-JMA organizations.
The Center for the Support of Meteorological Business, which was established as a
non-profit public service in March 1994, ensures the provision of data and information, including
GPVs from numerical weather prediction prepared by JMA to the private sector on a marginal
cost basis.
After the review of the authorization system for forecast services, JMA decided to
introduce the certification examination system for "certificated weather forecasters"* in the
private sector. The above system ensures high quality of technicians' level for forecast products
made by the private sector. The first examination was implemented in late August 1994. Fig.
1 presents an overview of the new framework of NMHS /private sector collaboration for weather
information services for general public in Japan.

4. Benefits to the end-users under the new framework
The general public including weather-sensitive users often wish to obtain more detailed
and accurate weather forecast for specific area and/ or purpose, although JMA issues weather
forecasts for each area of about several thousands square kilometres. In the past, since only
limited meteorological data and information of JMA was provided for the priv~te sector, it was
difficult for the private sector to prepare good qq.ality of products. Under thenew framework,
the private sector can obtain much more meteorological information including GPVs from
JMA. Thus, owing to the new framework, it is expected that end-users can receive more
high-quality and wide-ranged tailored meteorological information through the private sector
·
with reasonable price.
In addition, because only certificated weather forecasters who passed the examination
are allowed to make weather forecast in private weather companies, the end-users can expect
receiving information with assured quality.

* In Japan, technical quality is recognized to be maintained by technicians certificated by authorities such
as national and/ or local governments on the bases of laws/regulations concerned. Certificated technicians
extend to various fields of socio-economic activities such as transportation, architecture, information processing,
etc.
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Japan Meteorological Agency
(NMHS)

National Obervation
Network

- public weather forecast for
specific area and/ or purpose
value-adde d products and
information tailored to specific
needs

govenunen t offices and
local authorities responsible
for measures to mitigate
natural disasters

general public
Fig. 1

Weather information services for general public in Japan.
Shaded boxes denote the newly established organization and system.
Thick arrows denote flows of data and information.
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BENEFITS OF NMHS AND THIRD PARTY COLLABORATION IN THE UK
ROGER HUNT, UK MET OFFICE AND
MALCOLM JESSOP, TELEPHONE INFORMATION SERVICES

For many years now, the UK Government has encouraged the Met Office to
develop its commercial services in order to reduce the net costs of the organisation to
the tax payer. One particular policy which has been paramount in the undoubted
success which the Met Office has enjoyed is that of collaboration with the private
sector. The benefits that such co-operation can bring to customers, the Met Office and
the third parties are briefly described in this paper, together with a number of
examples. Particular emphasis is placed on services provided through telephone and
fax by collaboration between the Met Office and Telephone Information Services
(TIS).
1.

BENEFITS OF COLLABORATION

In most collaborative agreements, the private sector third parties bring
complementary skills to those seen as main activities of the Met Office in order to
produce a total service to the customer. The benefits of arrangements like these are
spread among all those involved.
As far as the Met Office is concerned, pressure on budgets has strongly
encouraged a fundamental review of its core activities and to invest resources in these
key areas. Clearly these are focused on activities associated with the production and
expertise behind weather forecasting and the manipulation of weather data.
But there has also always been a temptation to develop in-house systems to
deal with aspects of service delivery or production not immediately related to
meteorology. This ensures total control of the whole process - both in spend and
output. However it leads to unnecessary duplication with work going on in the private
sector - often by those with more relevant expertise and contact with the market. And
in any case the resources are simply not made available to allow it to happen.
Collaboration with third parties means that reducing resources are not spread too
thinly and that Met Office activities can be tightly focused.
The benefits to the Met Office's partners are also apparent. They have an
opportunity to expand their business investment in the growing commercial area of
meteorology and then sharing in the successes of the venture. Investment is essential if
business is to thrive and yet public sector organisations sometimes find it hard to
achieve. Private companies can feel comfortable they are investing in a highly thought
of organisation of national standing such as the Met Office, relaxed in the knowledge
of financial stability, reliable back-up and professional expertise and integrity.
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Perhaps the most important people to consider are the customers.
Collaborative arrangements mean, in some cases, they receive a complete service from
one source rather than having to take the meteorological input from the Met Office and
then shop around elsewhere for other input in order to maximise the advantages that
weather data brings. In other cases it can ensure a type of service which would be
impossible to achieve without investment and sharing of expertise. Examples of both
cases are given below- others (such as the collaboration with British Aerospace on the
development of PC based services) are featured in other papers.
2.

EXAMPLES OF COLLABORATION

Winter Road Maintenance
2.1
One of the major growth areas in the Met Office over recent years has been in
the winter road maintenance market. This is largely carried out through the OpenRoad
service. Here the Met Office provides the service development production from a
meteorological point ofview, working closely with Vaisala-TMI who provide services
related to road sensor installation together with communication and display software.
Both organisations combine promotion, selling and ongoing customer service.
The net result is a complete service for the customer ranging from initial
planning and purchase of road sensors through to day to day operational consultancy.
There are clear contact points throughout with each organisation concentrating on
their specifications.
Newspapers
2.2
There has been a growing trend for newspapers to buy in products which can
be inserted directly onto the page, rather than take the raw product and carry out the
editing in-house. This process goes some way to increasing the variable to fixed costs
ratio within the newspaper industry and is thus a vital step in these economic times.
The Met Office provides basic weather information to P A Data Design
(PADD), a major company dealing with direct services to media, particularly
newspapers. PADD convert the basic data into bespoke packages to the customers,
thus ensuring the total service they require. Again, there is co-operation between the
Met Office and PADD on all aspects of promotion and sales.
Television
2.3
The Met Office supplies a wide range of services to television companies in the
UK and overseas. Using the same kind of logic employed above, effort has been
concentrated on ensuring new products are available directly from the forecasting
model and that other graphical information such as satellite imagery, weather radar and
thunderstorm locations are available for display.
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requires
Converting this information into excellent quality television graphics
logy. The Met
expertise in the rapidly changing world of multi-media and PC techno
cs development
Office collaboration with SCL - a small but dynamic television graphi
nation has
company - in this regard has proved successful for a few years. The combi
ations of high
produced weather services meeting the customers' growing expect
quality graphics and authoritative weather information.
Offshore
services
There is an increasing synergy between traditional offshore weather
2.4
to provide
and those of a more environmental nature. To capitalise on this, and again
and
Office
Met
the customer with one focal point to deal with all of their needs, the
Singapore and
Wimpey Environmental have jointly developed an operation based in
covering much of South East Asia.
input
There has been liaison with many NMHS's in the area to maximise their
far
As
ts.
benefi
whole
and to ensure that the world meteorological infrastructure as a
to call on in an
as the customers are concerned, they now have alternative providers
ny of the
compa
a
area of high demand and traditionally little competition, but where
stature ofWimpey Environmental is well established.
Others
about
There are many other examples ofthir d party/Met Office collaboration2.5
twenty have so far been established. They cover sectors including
a) Instrument consultancy and badging
b) Forensic meteorology
c) Education packs for teachers and schools
.
In all cases the customers benefit from a focused single contact point service
3.

TIS/MET OFFICE COLLABORATION

/private
Over the years, the biggest single example of a successful Met Office
fax
and
one
sector partnership has been in the development of services to the teleph
areas. This is detailed below:
TIS Input
Its
Telephone Information Services plc is a communications company.
3.1
re-packaging
expertise lies in taking other people's information, re-processing and
ve and
effecti
cost
information and then distributing it to mass markets in the most
the premium
timely manner. The major focus of this is in audio products over
telephone rate network and increasingly on faxed products as well.
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TIS brings significant commercial expertise and experience to this joint venture
with the Met Office for the provision of weather information. The service operates on
some 826 telephone numbers and comprises of some 55,000 updates of information a
year. The services generate around 5,000,000 telephone calls per annum. In order to
generate such large volumes of usage, it is crucial the weather forecasting information
is consistently reliable and is as accurate as possible, but it is also presented in a timely
way and in a highly regionalised manner.
Met Office Input
3.2
The Met Office produce the basic data, which is supplied to TIS studios and is
then recorded by professional announcers onto a bank of computers which are
connected to hundreds of telephone lines.
Callers are encouraged by TIS's
promotional campaign and strategy which aims to ensure that phone numbers are easily
referable to in all telephone directories, national and regional newspapers as well on
plastic credit card type promotional give-aways (ofwhich some 15,000,000 have been
given away in the past 8 years). Callers dial the audio or fax number, and pay the
national telecommunications network operator who in turn, passes a proportion of the
call revenue on to TIS who in turn pass a proportion of the call revenue onto the Met
Office.
By doing this, the Met Office is:
a) Aware of the services which are attractive to the mass market
b) Not being involved in extensive capital investment
c) Benefiting from the economies of scale as TIS provide the vast range of
other sorts of services that consistently built up the high level of support and
expertise for their communications tasks.
d) Able to benefit from the promotional, risk-taking strategy which,
many state owned organisations are not allowed to undergo.
The Market
3 .3

The target market comprises two or three distinct elements:

Business Users
3.3.1 These are users who have a sporadic or low level requirement and are thus not
likely to sign up for a personalised consultancy service with the Met Office. Such
businesses include farmers, building industry, professional photographers, transport
industry, small retailers etc. In fact anybody where the weather can influence their
course of action and indeed their ability to earn revenue. Naturally, the Met Office is
concerned to ensure that there is no obstruction of their consultancy revenue by callers
taking a service over the automatic telephone response system via TIS rather than a
personalised service from a weather forecaster. The reality from all the research
conducted by both organisations is that there is a very limited amount of abstraction
and by providing an easily available service which can be dialled, 24 hours a day, 365
days a year, the total market-place for weather information has grown.

- 196 -

Leisure Users
3.3.2 These comprise committed leisure activists such as inshore sailors, hill walkers,
private pilots, sportsman etc. These are fairly committed people where again the
weather has a major impact on their decision making as to whether or not to do their
sport and if so where to do it. These sorts of people are extremely unlikely to
undertake any individual arrangements with the Met Office and yet if not provided with
a more specific service than is normally available on television, radio or newspapers
will continue to bother local Weather Centres by continually phoning them for specific
information which historically was provided at no charge by the Weather Centres
before the joint venture of partnership was entered into.
The Casual Caller
3.3.3 Given the variability ofthe weather in the UK, many people require occasional
specific forecasts and these callers may only call once or twice a year and, whilst not
contributing a vast sum of money into the joint TIS/Met Office pot, they do, given the
sheer quantity of them, in the end contribute a significant sum. Typically these callers
will dial for effectively hazard warnings in the winter and in the summer for reassurance that their outdoor event or their planned day trip is still worthwhile.
Benefits to the Caller
The UK public has proved very acceptable to the provision of these services
3 .4
and quite prepared to pay for valued information so long as it has been properly
presented to them. Thus a typical weather forecast will cost the caller on the phone
around £1 per access. We have been able to position this as a relatively small sum to
pay when it can make a major impact on ones business or leisure activity. An
additional benefit is the sheer capacity of hundreds of telephone lines available to the
public for accessing weather services. In times of extreme weather then, thousands of
callers will wish the reassurance of a frequently updated regionalised service and this
can only be obtained from mass access facilities as provided by telephone response
companies. In these circumstances most consumers are prepared to pay almost any
price for the reassurance given by a quality weather forecast.
All Telephone Information Weather Services are updated three times a day
every day of the year and it is vital that they are updated prior to their need. Thus the
early morning update is normally completed around 6.30am and this will typically
cover the current day plus another four days of weather forecast. The UK has been
split into 27 land based regions, with a further 15 coastal regions for specific marine
forecasts.
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PRICING THE HYDROLOGY FOR END-USERS
Benefits to end users of NMSH /privat e sector contribution : The model of
the Hydrol ogical Services of France

P. GIVONE*, with contrib utions of P. HUBERT** and G. OBERLIN*
.. Div. Hydrolo gie-Hyd raulique , CEMAGREF-LYON, FRANCE
** Universite Paris 6, PARIS, FRANCE

1 - GENERAL STUDY
A very large amoun t of work has alread y been done in the field
of "cost-benefit" analysis for the NMSH (Nation al Hydro /Meteo rologic al
Services), at region al or nation al scale. Such studies always stress that
the ratio, "benef it to cost", (B/C) is a lot more than 1 (in genera l, we
find somet hing like : 5 < B/C < 20). The results of these studies are
genera lly used to optimi se the design and the mainte nance of the
Hydro logica l/Mete orolog ical Nation al Networks, to supply object ive
inform ation for decisio n makin g conce rning the (prese nt and future)
role of these Services (Oberlin, 1989), and are very helpfu l to promo te
their comm ercial policies in a contex t of free market.
These studies, in a genera l way, are global studies which conce rn
two main entities, a Hydro /Meteo rologic al Service (from the public or
private sector), or a big private compa ny in charge of the same tasks
at nation al level, and "the Society" (and these differe nt econo mic
branch es of activit y) as a macro -econo mic integra tor of all the endusers.
Even in this simplified case (only two actors), the "benef it" part of
the ratio is always more difficu lt to evalua te than the 11 COst" part which
is gener ally well known (Acres , 1977) and (Givon e, 1989). The
evalua tion of the benefi t is genera lly based on the results of differe nt
surveys condu cted with some representatives of the main econo mic
branch es conce rned. In fact, it is so difficul t to analys e quanti tativel y
the benefits produ ced by a NMHS than it seems quite flimsy to imagin e
a way of disinte gration of these benefits to make out the part which
goes to each end-user or even each type of end-user.
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Nevertheless, it is interesting to comple te the present studies by
new others, even only qualitat ive ones, coping with the benefits waited
for by the .. individu al user.. (in the micro-e conom ic sense) of
data, informa tion and services from a main Nationa l Service (public or
private) in the field of Hydro/M eteorolo gy. These new studies are all the
more essential becaus e, at the present time the major trend of the
strategy of most of the NMH Services is to expand their comme rcial
activities and, consequently, to becom e a very visible and active actor
on the market of environ mental engineering. This market is now a very
large market not only made up to the pure enginee ring activities (of
the consult ant offices for exampl e), but also to the demand s from the
citizens themselves, of informa tion and services concern ing the present
or future state of environ ment. Some of these informa tion can be
provide d by the NMH Services, and disseminate through all the modern
ways of commu nication , includin g the telemat ics networks. In this
respect, their is also a benefit for each end-user, and he is ready to pay
a certain amoun t of money to get these information and services.
To go on with the analysis of the econom ic benefits of NMHS, we stress
the following four major points :
- The main differen ce (from the point of view of the econom ic
analysis ) is not betwee n the Hydrolo gical Service s and the
Meteor ologica l Services, but betwee n the .. forecas ting oriente d
Services.. (such as the Meteor ologica l Services or Flood Forecasting
Services) and 11 design oriente d Services.. (such as the Hydrolo gical
Services in charge of the collecti ng and the distributing of the data). In
the first case, it is very easy for a end user to evaluat e its benefit as the
sum (in financia l terms) of the avoidab le damag es during a certain
period, taking into accoun t the eventua l forecas ting cost. In the
second case, it seems that the end user doesn't directly address the
Services concer ned, but an interme diate organis ation (private or
public consultant); its benefits are subjectively linked to the results of
this consultant, to the cost of the study, and not to the quality /quanti ty
of the basic hydrolo gical data provided.
- A Nationa l Hydrological Service (NHS) is in charge (in particul ar)
of the collecti ng and distributing of the hydrolo gical data (data of
water quality /quanti ty for resources and risks manag ement) . For this
precise part of its activity, it (NHS) is not really working in a financia l
market, becaus e it doesn't exist a financia l market for the basic
hydrolo gical data. This is a very importa nt feature which explains that
there is no direct way to quantify the benefits of NHS, even if, without
doubt, they are indispensable organisations, but not very visible in the
enginee ring field. Due to this fact, and even when NHS are Public
Services, they always (or mostly) have to work with the other public or
private consultants in a comple x and (sometime) conflict ing manner .
These other consultants supply the end users with the operati onal results
required, and receive the majority of the benefits.
-These tasks of the data supplier are essential and often
guaran tee the consist ency and the quality of the manag ement
projects dealing with water resources and associa ted risks. We know
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how to evaluate and to quantify the economic consequences of the
poor quality and lack of quantity of these data, but it is nevertheless
difficult for the data providers to obtain a just payment for their data,
even in terms of social visibility.
-According to the three previous points, the analysis of the
"coast/benefit" ratio is rather made in a context of "decision making" for
the institutions as for the individuals. But we need also data and
information from (for example) NMH Services in a context of "global
monitoring of the state of environment", and we know that the citizens
are now very much concerned, as individuals, with this g!oba!
monitoring. So, there is presently new demands to meet in this field, by
some organisations from the private of the public sector, and certainly
with financial implications. The benefit for the individuals is obviously
very difficult to quantify, but it exists (at least as a social benefit) as the
result of an improvement of the capacity for the citizens to better
practise their prerogatives in a context of global monitoring of
environment of their countries and of the planet.
2 - THE FRENCH EXPERIENCE

The French experience is interesting from this point of view
because we have a very strong, active and visible National
Meteorological Service but no National Hydrological Service. We have
several Public Services which are solely in charge of collecting and
distributing the hydrological data and information, but there is no
Central Service at national level which could play a more significant
role in the engineering field. The decentralised Public Services in
charge of the collecting and distributing of the hydrological data and
information manage together a common National Hydrological Data
Bank which is inaccessible to the end-users. They have to face strong
economic constraints, and look for a way to enhance their visibility and
their "commercial" activities. Furthermore the French National
Meteorological Service has the possibility to charge end users for
personalised services. At last, the links between French hydrologists and
meteorologists are rather weak certainly because the formal links
between the different hydrological and meteorological institutions at
national level are also weak, even in the field of research.
From this state of the French situation, we can analyse the major trends
in both domains, Meteorology and Hydrology, keeping in mind that we
look for a better estimation of the benefits of NMH Services for the endusers.
The French National Meteorological Service (FNMS) is mainly working in
the field of weather forecasting using numerical models and give major
importance to numerical forecasting methods and tools. On the
contrary, the "standard" climatology based on the processing of data
and information collected through the national network, which is the
technical domain with some strong links with Hydrology, is not really a
priority, and this for years (it is at least the opinion of the French
hydrologists). In this respect the FNMS developed and is developing
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more and more custom ised procedu res to supply differen t types of
users, including individuals, with differen t kinds of weathe r forecasts. The
trend for the FNMS is also to improve the dissem ination of these
customised forecasts through the modern telemat ics networks for the
individu als and through the more special ised network s for the
compan ies. The experie nce of these 3 or 4 last years shows that the
individuals are ready to take in accoun t this offer of weathe r forecasts,
and to consider that it is socially and econom ically profitab le to pay for
that. lt is the best way to make out that there is a benefit from NMS.
As said in the first port of the paper, it's rather easy for the "forecasting
oriented" Services to go this way, and they are also pushed that way to
find by themselves some financia l supports to face their expenses.
On the contrar y the tasks of an Hydrological Service at nationa l level
are not fulfilled by a Central Service In France but by a lot of
decentr alised Public Services at departm ental or regiona l level. These
Services are rather "design Ofiented", but not very visible as said
previously, and not technic ally support ed by a strong Central Service.
In this context we don't see any major evolutio n from the present
situation except that it is more and more difficult for these Services to
face their financia l and staff constraints. For the end-users, the benefits
(even only social) of these Services seem not to be obvious and this a
huge problem becaus e all the institutions "environ mental enginee ring
oriented " absolut ely and definitiv ely need the basic data and the
information collecte d by these Services.
From this French experie nce, we can draw socio-e conomi c informa tion
and some proposals to better structure the supply and deman d of
data and hydrolo gical treatme nts even for the benefit of the end users.
The most importa nt thing is to keep in mind that our hydrolo gical
networks must absolut ely be maintai ned. If the Hydrolo gical Services
cannot be more active in the field of the environ mental enginee ring
becaus e of potenti al conflict s with the consultants, they can design
and disseminate informa tion for the citizens to allow them to better
practise their role in a context of global monitoring of the environment.
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THE METEOROLOGICAL INFORMATION SELF BRIEFING TERMINAL (MIST}
A COLLABORATION SUCCESS
Mr John A Ellis - British Aerospac e Space Systems Ltd
Mrs Vivienne Ballenti ne - UK Meteoro logical Office
1. THE MIST SYSTEM
1.1

Objectiv es

The MIST System, that has been set up in the United Kingdom and describe d in this
paper, is one of several technica l solution s to the data distribu tion task. The
importan t issue is that the displaye d data meets the requirem ents set by the very
broad range of customer s who require actual and forecast meteoro logical informat ion.
These objectiv es can be summaris ed as follows: a.
To be able to select a particul ar type of actual or forecast met
data, and obtain it from the UK Met Office in real time onto a PC.
b.
For the data to be displaye d as the customer requires , in an attracti ve
easy to understa nd format, with as many options as possible .
c.

For the data to be able to be converte d to hardcopy or networke d.

d.
If the customer has to pay for data ensure the cost can be minimise d by
offering a range from small updates of data to larger
download s from the Host system.
e.
1.2

The system must be easy to use, versatil e and portable .

The MIST system

Three computer s have been set up in the UK Met Office to form the link between the
Mainframe computer and the data distribu tion network, in this case the Mercury 5000
Packet Data Network(PDN). The first computer is linked directly to the main frame
and using BAe propriet ary software converts the Met data products into formatte d
files that can be moved around the system and displaye d by the custome r's PC. The
data is then passed to the second computer , The File Server. This stores the latest
data and is continua lly being updated. The third computer is the Commun ications
Server, which enables a request from a customer to be understo od and the correct data
from the File Server passed through the telephon e system to the custome r's PC. It
also, most importan tly, records the customer s transact ion which will enable an
accurate bill to be sent to the customer each quarter.
1.3

The Applicat ion Software

The task of writing the applicat ion software that enables the data to be displaye d
on
the user's PC has been carried out by BAe Space Systems Ltd over a period of two
years. It has been written in Modula 2 on a DOS based system, but will move in time
to a Windows based system with the product language being C++. The task of creating
new products is continuo us, meeting the ever increasi ng requirem ents of differen t
groups of users. In addition the current programme can be modified to suit other
countrie s' requirem ents with scope for addition al products to be added by other Met
Offices interest ed in adopting the MIST type data distribu tion system. Environm ental
data could also be included within the MIST system.
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ess secto r to ensur e a full
The menu system is adapt ed for each parti cular busin busin ess area e.g. Avia tion,
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1.4

The Communications Buffe r Softw are

uters is sent to the MIST host
Data gener ated by the Met. Offic es' Main frame comp
known as Phase 4e using the Met.
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2.

BENEFITS

Every busines s is influen ced by the weather to some degree. Manage rs
may need to
take it into account in purchas ing, distrib ution, schedu ling operati ons,
stock
control as well as short and long term plannin g and resourc e management.
Until now
few have been able to do so. Althoug h the experti se has been availab le
for a long
time the technol ogy to deliver it directl y and cost effecti vely to the
fingert ips of
the people who need it most has not.
MIST now gives us that technol ogy &..."ld deliver y system, so why is it so
differe nt from
other systems and what benefit s can be gained by using this system?
2.1

Deliver y

With MIST, users now have access to the most up-to-d ate weather informa
tion
availab le. They have their own persona l Met. Office on their PC at their
desk or
home. As one custome r has said, "MIST has been worth its weight in gold".
The data can be accesse d as, where and when require d, either through the
telepho ne or
a satelli te link, using a dial-up facilit y or by having a dedicat ed line.
Data can
also be broadca st at specifi c times if require d. The softwar e also enables
users to
receive the data through mobile phones, perhaps to a portabl e PC, which
can be very
useful for use on remote or greenfi eld sites when carryin g out mainten
ance or repair
work.
This system was found to be very useful by our forecas ters in Aberdee n
when briefin g
clients offshor e on the oil rigs. All the informa tion require d by the
forecas ter was
availab le on MIST and he was able to brief the operato rs by showing them
on a monitor
the forecas t sequenc e of events and how the weather would affect various
operati ons.
Portab ility of the system and global product s also makes it ideal for
use by the
Defence Service s anywher e in the field.
2.2

Interac tion

The user can interac t with the informa tion display ed on MIST. For example
, the user
can select a specifi c area, region, criteri a for operati onal use, or perhaps
a
sequenc e of radar picture s to enable them to have more detaile d informa
tion. Data
can also be used in other models to simulat e future busines s scenari os.
The system also allows for two way transfe r of informa tion. This is a
very useful
aspect in that it enables local or regiona l forecas ters to input their
local data and
knowledge to product s that can then be sent back to the host either for
custome r or
Met. Office use.
2.3

Product s

The system has been designe d to display product s accordi ng to busines s
sector
require ments. Some produc ts, such as rain radar and satelli te picture
s can be used
in most busines s sectors , other special ised product s such as TAFS, METARS,
lamb wind
chill, road conditi ons are require d in certain areas for specifi c operati
ons.
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3

COLLABORATION
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POTENTI AL ECONOM IC BENEFIT S FROM THE INTRODU CTION OF ECOMET
[ by A Douglas, UK Met Office
F Duvernet, MeteoFran ce
R Hoenson, KNMI]

Introduction and Backgroun d
Several studies, have shown that there is a net benefit to the national economy through the
application of Meteorology. Studies such as that by Chapman of the proposed modernisation
of the National Weather Service of the USA concluded a net benefit of in excess of 8: 1 for the
USA and the joint UK Met Office I Bramshill Consultants study (which is being reported at
this Conference) which shows atotal benefit ratio of around 6:1 with a consequent net benefit
of over £0.7B to the UK; are clear evidence ofthis fact.

An direct extrapolation of these results for the whole of the European Union (including
Austria and the Scandinavian countries) leads to an estimate that the total benefit to the
countries of the European Union is of the order of 5B ECU [6 Billion USA$]. However, the
actual benefit will be somewhat different as the conditions in the UK are not typical for the
whole of the area.

In assessing the benefit to the individual customer, the status of the service provider (whether
a National Meteorological Service or private sector company) is not particularly relevant; but
that status is important when assessing the overall return to whole national economy. Where
the private sector has become actively involved in the provision ofvalue-ad ded services, there
has been an increase in the total market rather than just a transfer of services between the two
groups. The two groups complement as well as compete with each other to the benefit of the
customer who has a wider range of services from which to chose.

In order to develop the total market and improve the overall benefit to the national economies
from use ofMeteoro logy, 17 European National Meteorological Services (NMSs) are
creating a new European Organisation called ECOMET.
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Objectives ofEC OME T
lly launched early in 1995,
The main Objectives ofEC OME T, which is expected to be forma
can be summarised as follows :
t.
a) the creation of an unique European-wide meteorological marke
to have the
A key and fundamental purpose ofEC OME T is to allow all users
s within Europ e. This
widest possible access to all the information produced by NMS
that companies
states
is in line with the Europ ean Union;s competition poiicy which
antaged comp ared to
(that is other NMS s or private companies) should not be disadv
information, and
the originating public organisation (NMS) in terms of access to
to the provision of
conditions of use. In short, a European dimension will be given
organised in a purely
meteorological services, where previously they have been mainly
national context.
contain all
ECOM ET will set up and keep updated a Catalogue which will
offer. These will
possible meteorological information the member NMS s have to
those private secto r
for
include basic observations and products; essential ingredients
services. In addition,
companies wishing to develop and sell their own value-added
information on the
for those companies just requiring a service, there will also be
ers. In both these
range of value-added services being made available by the Memb
e is available across
cases, a key element of the scheme is that the information or servic
introduces the key
the whole ECOM ET territory, and from any Member. Thus it
ation or a
essence of "one stop shopping" whereby anyone who wishes inform
g them from their own
service listed in the Catalogue will have a free choice of seekin
er ofEC OME T.
NMS, from the originating NMS, or from any other NMS Memb
data sets and produ cts within
b) To maintain and develop the free exchange of meteorological
the framework ofWM O;
e of
A second objective is to maintain and indeed increase the volum
other
with
and
information (data and products) exchanged between its members
In passing it should be
WMO Members; always operating within WMO agreements.
oped by a WMO
noted that within the Commercialisation Guidelines being devel
il, ECOM ET is to be
Working Group, and endorsed at the last WMO Executive Counc
considered a single territory.
Europ ean Private Secto
c) To expand the availability of meteorological information for

r;

which will
A third objective ofEC OME T is to establish clear and steady rules
ete in the marke t for
allow growt h of those private sector companies wishing to comp
value-added .services.
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The involvement of the private sector in the provision of such
meteorological services goes back many years; most particularly in the USA. Even in
Europe there has been an active private sector; in some countries more than in
others. For instance, in the UK, companies such as Noble Denton and Oceanrou tes
have been operating for over 20 years; but have recently been joined by a much larger
number of newer and smaller companies. Growth of private sector involvement can
be seen elsewhere in Europe, for instance in the Netherlands, in France, in Switzerland
and in Germany, to give just a small sample. Where the private sector has become
involved, the total meteorological market has increased rather than just seen a transfer
of services. The two groups complement as well as compete with each other to the
benefit of the customer who has a wider range of services from which to chose, the
competitive pressures making sure that the service meets the customer's needs, and
that the total costs are kept to a minimum.
It is thus no surprise that the countries in which the private sector have been
most active for a period of years; including UK, France and Netherlands are also those
with the highest aggregate commercial turnover related to meteorological services in
Western Europe.

A recognised problem for private sector companies operating value-added
services in Europe is the guarantee of access to the full range of data and products, at
an acceptable price, so that they can properly develop and deliver their services.
Release of information is presently at the discretion ofthe various individual services
and this has not given private sector companies the required confidence of supply to
allow them to fully develop their range of services. Thus, this key objective can be
stated as basic meteorological information for commercial application should be made
available, on an equal basis, to public and private commercial operators.
d) To have all users contribute to the meteorological infrastructure costs.
The final key objective ofECOM ET is to allow the NMS Members derive a
contribution towards their infrastructure costs, from the commercial application of
their information. The NMSs have to finance a costly infrastructure which includes
the EUMETS AT programme (including METEOSAT), land, marine and upper air
observational networks, telecommunication and data processing systems and
supercompueters to process the complex Numerical Weather .Prediction models
[Forecasts]. Total costs also include those of the European Centre for Medium
Range Weather Forecasting.
European National Governments accept that most of this infrastructure will be
financed directly by the State; but they also believe strongly that those who gain
economic benefits from meteorological information, whether as a provider or user of
value-added services, should make a direct contribution to the continued support and
development of that infrastructure, thus reducing the burden for the taxpayers.
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BRINGING A BENEFITS ORIENTATION TO THE MARKETING
OF METEOROLOGICAL AND HYDROLOGICAL SERVICES

John Lumsden
Permanent Representative ofNew Zealand with WMO, and
Chief Executive
Meteorological Service ofNew Zealand Limited

BENEFITS ORIENTATION APPLIES
ACTIVITIES, NOT ONLY MARKETING

TO

ALL

THE

ORGANISATION'S

The title of this presentation "Bringing a Benefits Orientation To The Marketing
Of Meteorological And Hydrological Services" could be seen as referring to the
marketing exercise itself, but I believe that it is important to go further than that, and
describe the attitudes and behaviour of an organisation which effectively markets its
meteorological products.

WHAT THE USER THINKS IS OF VALUE IS DECISIVE
The place to start is with the potential user, who will be interested in the product
if they think it will be of value to them. Obviously they will not use something that they
do not think they need, even if it is free of charge. Therefore, since we have already
defined that it is meteorological products that we are talking about, then we have to
consider what benefit they could possibly be to anyone. This point is crucial, even
though it may seem simplistic, because it can require a significant change of attitude
from the professional staff. What the user thinks is of value is decisive, and thus what
the Service thinks it should produce is not of first importance. To give a very simple
example, the value ofweather forecasts is enhanced if people understand what the words
mean. In New Zealand wind speeds are regularly described using the Beaufort scale.
Despite the use of the word 'fresh' to describe wind speeds for many decades, surveys
of the public showed that the average user associates that term more with temperature,
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edge, seasoned
and thus is likely to misunderstand the forecast. Even with this knowl
identify and use
forecasters still have an attachment to the term, and are reluctant to
l public, such as
other words that would provide a clearer understanding by the genera
the other hand,
'windy'. This attitude does not demonstrate a benefits orientation! On
be beneficial
discussions with farmer groups indicated that in certain forecasts it would
sts; the
foreca
ity
humid
to include probabilities of precipitation, and in others to include
n for the benefit
incorporation of this information by the forecasters does show a concer
that the users can obtain from our science ofmeteoroiogy.

HAVE TO BE
BENEFIT, OR LACK OF IT, IS VERY CLEAR WHEN PRODUCTS
PAID FOR
assessed
Nowhere is the value of meteorological information more objectively
organisations will
than when there is a cost associated with the product. Individuals and
of charge, but
put up with a product that is marginally useful if it is available free
get it free from
typically, when a cost is attached to it, the first reaction is to try to
they do not see
another source, or to do without it. If they can do without it, clearly
can be in the
value in the product. There may be several solutions to this situation, which
availability.
design of the product, the communication of its benefits, or its price and

ULTIMATELY SOME PRODUCTS
DISCONTINUED

ARE USELESS,

AND

SHOULD

BE

value only
However, it should be recognised that some products ultimately are of
goal, such as
in the opinion of their creator, or are produced to meet some ideological
ge, regardless
one which says that all areas should have a certain type of forecast covera
one product,
ofwhe ther anyone is using it. An example of this is in MetService's MetPh
one for a small
where individuals can obtain a weather forecast for their region by teleph
discrepancy in
charge. Analysis ofthe calls made for each forecast showed a very wide
ssimal volume for
usage from region to region. One ofthe regions had an almost infinite
are now being
the simple reason that it is a very lightly populated area. Resources
more highly
for
ation
diverted from this product to concentrate on additional inform
out, and there is
populated areas where there is a need. Thus, if information is being put
no clear benefit, arrangements need to be made to cancel its distribution.
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ORGANISATION STRUCTURE CAN SUPPORT BENEFITS ORIENTATION
If an organisation really is to concentrate on bringing benefit to users, then it
should structure itself so that staff are naturally dedicated to that objective. It may be
advantageous to arrange the work so that it is specialised by groups of users, for
example, so that staff can acquire the knowledge of the needs of the users, and
understand the potential benefits of meteorological products for these groups. This
initia!!y can seem to involve some duplication of effort, but the users are not concerned
about internal matters - they want a product that can help them with their decisions, and
so that concern should come first.

STAFF SELECTION, TRAINING, AND DEPLOYMENT SHOULD CONSIDER
USERS' NEEDS
The selection and development of staff should be made with the users' needs in
mind. This again may involve significant change in recruitment and training activities.
We have modified our hiring criteria to add to the requirement of proven intellectual
competence, a personality which favours an interest in the use of the products in the
external environment. Our training has been modified to recognise this environment,
and interaction with the customers at all levels is encouraged.
Enthusiastic
meteorologists staff our marketing department.

CLARITY OF THE OBJECTIVES OF AN ORGANISATION IS IMPORTANT
It is not easy for an organisation to stay focussed on its objectives, and there is a
strong tendency for people of goodwill to try to be all things to all people. It is
preferable if the organisation's objectives can be communicated clearly. This is far
reaching, from knowing the public policy environment, to identifying an organisation
vision. If a meteorologicaLservice is serious about having a benefits orientation, then
that will be evident in its formal charter and plans, and will be clear to all employees.
One of MetService's Vision statements, for example, is "Growing through customer
appreciation of our innovative and quality services at home and abroad".
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IBUTION
PRODUCT DEFINITION, PRODUCTION, PROMOTION AND DISTR
carefully
The best way to find out what users want is to ask them, and listen very
ing on the user
to what they say. There are a number of methods of doing this, depend
ned above,
mentio
group. For instance, for a mass market product; such as MetPhone
face to face
telephone surveys and focus groups are appropriate. For other users,
as airlines,
such
discussions are preferable. Even fOi users 'vvith sirnilar requirements,
which payment
each one may have specific requirements which will be of value, and for
over and above
may be appropriate. We have found that the offer of tailored services
ege of particular
ICAO specifications has been successful, but this does require a knowl
industry operating requirements.
be
The information acquired can be used to define the service. Care should
y
alread
of work
taken not to over-engineer the product. Many times the adaptation
completed will fit the purpose.
ction to
The issue of costing and pricing is complex, and will vary from jurisdi
of
level
the
ry,
jurisdiction, depending on the public policy towards cost recove
will insist on
competition, and the ability of users to pay. In all cases, good management
used.
the most efficient and effective procedures so that resources are well
d. The
Promotion of products is important if the benefits are to be fully realise
later
give
will
I
les
methods used will depend on the product category, and the examp
isements on
demonstrate some of them. They vary from cold calls on users to advert
made clear.
be
nationwide television. In all cases the benefits to the potential user will
of a benefits
Resources are needed to do this, and need to be seen as an essential part
It is better to
orientation. Wonderful products that are unknown are a complete waste.
and find them
have fewer products that are well used because people know about them
valuable.
of its
The method of getting the product to the user is also an important part
the user's part.
specification. It will need to be timely and involve little added work on
tation of the
presen
These days electronic delivery is more and more feasible, and the
information can be made in a way which is compatible with the users' needs.
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EXAMPLES
A number of examples of the marketing of products using a benefits orientation
will be described:
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In situations where competition prevails, there can be significant benefit to users
because the choice of product is based on its value relative to alternatives, and there is
incentive to make changes to the product which enhance the value. Even the threat of
competition can inspire changes which improve the benefit to users. An example is
given.

COMMUNICATIONS
The objectives and capabilities of the organisation producing meteorological
products should be communicated to the relevant communities where there are potential
users, such as farmers federations, mariners, etc. Listings in Yellow Pages and Trade
Directories will help potential users to make inquiries. Meteorological Services usually
have a number of departments and branches, and employees need to be well informed
about the products offered, since each person is a potential promoter of the
organisation's capability.

USER VALUE IS A KEY ORGANISATION OBJECTIVE
In conclusion, I would like to re-emphasise that if a benefits orientation is to be
considered by a producer of meteorological services, it really has to be incorporated at
the highest level of objectives of the organisation, should be inculcated in the culture,
and communicated widely. Mangement must reinforce the fact that it is the user whose
opinions matter most, and ensure that actions as well as words demonstrate this
understanding.
We have a great deal to offer to our communities, and I wish you all success in
enabling them to realise substantial benefits.
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Bringing a benefit orientation to marketing
of meteorological services in France.

Duvernet, Meteo-France
1, Quai Branly, F-75340 Paris Cedex 07
tel (33 1) 45 56 70 23; fax: (33 1) 45 56 70 OS
Fran~ois

Until31 December 1993, Meteo-France had been a State Administration, called
"Direction de la Meteorologie Nationale" under the Ministry of Transports. Since
January 1st 1994, it has got a new status of State Agency, which separates
formally its budget from the general budget of the State and gives it some degree
of autonomy in the financial management. However, even with the new status,
the major part of its resources comes from the State Budget. The main mission of
Meteo France are the official duties, fixed by the political authorities. These
duties include all the aviation metorology which is regulated by the Chicago
Convention. They include also the services given to Defence, and the safety of life
and property.

Comme rcial turnover of Meteo-France (Million FF)
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In addition to this State mission, it has become more and more apparent for the
last years that the meteorologicar information had an economic value, and the
French Government has requested Meteo-France to valorize the meteorological
information which it generates.
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Meteo France has developped a commercialization policy We present here two
graphics which show the volume of commercial activity of Meteo France in
absolute terms (in constant francs), and also as percentage of the total budget of
Meteo France.
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The main conclusion which one can draw from these figures are the following:
a) The volume of commercial activity is rapidly increasing. However it remains
limited. This spectacular increase should not hide the fast that the bulk of the
activity, and of the resources remains with the State duties, such as aviation,
defence and civil safety, which are funded by the States subsidies which
altogether represent 85% of the budget in 1993.
b) The spectacular rise of the last years, specially since 1989-1990 is mainly due
to the developping of the videotex system and of the premium rate telephone
answering services. The telephone services have been existing since many years,
but until the late eighties, they were free of charge for the consumers, and
brought no profit for the Meteorological Service. The introduction of the
premium rate system (called "kiosque" in France), allowed both a rapid
development of the number of calls, due to the advertizing, and to the
improvement of the quality of the service made possible by the new financial
resources. This very rapid rise of the total commercial turnover cannot obviously
continue indefinitely, and the development of the commercial services will reach a
plateau or a more modest growth rate in the next years.
To illustrate the economic benefit of the meteorological .information, and the .
commercial policy of Meteo France, we present the main conclusion of a study,
which tries to relate the meteorological information to economical benefits This
study was performed by Electricite de France (EDF) , which is responsible for the
production and for the distribution of electrical power in France. A critical factor
to manage the production of electricity is to know exactly the future demand.
The demand is not exactly known, since it is the result of millions of individual
decisions such as switching on or off a light or an electical device. For EDF, it is
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very important to predict the future demand at all times ranges: the forecast one
year ahead if of great value, as welll as a few hours or a few minutes in advance.
The variable which is important to predict is the global power demand for the
whole French network, since all producing plants and all areas of consumption
are interconnected. The whole network is managed by a central point, the central
dispatching located in Paris. In this dispatching, the decisions of switching lines,
or of starting up a new production plant are made. The electrical demand is very
variable according to the season, the hour, the day of the week. The overall figure
for France varies from between 30,000 and 60,000 MW. A critical factor for the
demand is obviouisy the meteorological situation. To study this very important
dependance, EDF and Meteo-France are performing a study to find the best
meteorological parametres to link the meterolological situation to the power
In thre past years; EDF used a very simple meterological
demand.
parmetrisation, which was only the mean temperature in six French cities. With
this very simple representation of the weather, EDF has been able able to derive
relations between the electrical demand and the temperature.
The main result of this study was that the dependance between the temperature
and the electrical demand during winter days was near linear, with a coefficient of
1500 MW for 1 Degree. As a comparison, a last generation nuclear plant
produces 1300 MW.
An other important question is the economic impact of the forecast. EDF made
studies on what would be the saving if a perfect temperature forecast were
available . Their first study adressed the monthly to yearly predictions. Such
forecast may be used to plan the maintenance periods of the plants, and also to
derive a strategy of operation for the hydraulic reserves. The result of the study
was that, should a perfect forecst available, a saving of about 100 Million Francs
(MF) per year (18 Million US$) would be achieved. Unfottunately, MeteoFrance is not able making perfect seasonal forecasts of the temperatures. It is not
even proved that there is a linear relation between the information given by the
forecast and the possible savings. If Meteo-France can predict the temperature
with a skill with amounts a few percent above a climatological forecast, EDF is
not able using it to save a few percent of the theoretical amount of 100 MF.
A similar study was performed for the short range forecast (1 and 2 days). The
result of the study was that a perfect forecast of the temperature would bring also
a saving of 100 MF. Here, we can resonably assume that a fraGtion of this saving
can be achieved if the forecast is not perfect, but if it brings useful information.
In. this case, we can compute the benefit given by the improvement of the
forecast. A development program to improve these forecast was recently initiated
with the help of EDF. Its objective was to reduce the error of forecast, for
instance, to lower the error of the mean temperature forecasted for France 1 day
ahead from 0.8° to 0.65°. The. study provedt hat a economic benefit for EDF was
abol,lt 4 MF per year, which is far higher that the pri~e efthe forecast.
For the other economic. sectors, we generally do not have such studies which
directly demonstrate. the economic value of the meteroiogical information. To
develop the commercial services, it is then necessary to adopt classical pragmatic
market analysis.· Such a study was perform recently in Frahce.to investigate the
potential demand of two economic sectors: the road transports and the public
werks. In these two st(ctors, ·several interViews of representatives from various
firms were made~ .and several meetings of carefull~ selected panels were
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organised. The results of such studies were not the same for the two economic
sectors.
The building and public work companies are interested in tailored
meteorological services, and are ready to pay for them a moderate price. The
study helped Meteo-France to design the kind of service tailored for this category
of users. The main features of the service which the professionals are wishing are
the followings: time range up to 36 hours, numeric value of forecasted
parameters, special alert services.
For road transport, the results of market studies wee less encouraging. In this
sector most companies are small ones, and the decisions concerning a given
transport are in many cases taken directly by the truck drivers. The conclusion of
the study was that a specialized professionnal meteorological service would
probably not meet the need of the majority of the companies. However, special
meteorological information for the road is useful, but it should be given to the
state authorities responsible for road maintenance or for traffic safety rather than
directly to users.
In conclusion, one should stress that a National Meteorological Service has to
adopt different approaches to better meet the needs of its users. In some cases,
direct economic analysis is possible, but these cases are rather exceptionnal. In
most cases, an approach of market analysis, similar to the majority of business
sec~or is the only way of getting information from the market.
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the cost to the tax-payer of running the service.
Difficult ies have increased recently within the UK with
Governmen t cutting budgets further, and this situation is
mirrored by many NMSs around the world.
3. UNDERSTANDING THE MARKET PLACE AND BUSINESS
The market place is dynamic and ever changing. Business
is governed not only by internal constrain ts, but also by
external impacts such as:

*
*
*
*
*

Competitio n
Political and legal considera tions
Economic stability
Technolog ical advances
Social change

The impact will vary market by market, but also country
by country. It is therefore necessary to understand the
impacts of the market place on the different businesse s, and
know the business itself very well. This will provide the
basis for the reasoning behind the strategie s to be
employed.
Market research is therefore a vital ingredien t in
identifyin g the opportuni ties in the market place, while
seeking to eliminate the threats to the success of the
operation . Research is also needed not only to understand
the business community itself, and how it reacts in this
dynamic market place, but also to understan d the
competitio n.
4. MARKETING PRINCIPLE S AND ORGANIZATIONAL CHANGE
4.1 Marketing Principle s
·customers ! Who are they'? They are not just external
clients who receive our services and data, but are also
members of our own organizat ions, as well as those who are
our paymaster s. All need to be serviced with high quality
informatio n, produced in a profession al manner, with
after-sale s customer care a high priority.
What are Marketing principles '? Why are they needed'? How
will they benefit me as a member of a National
Meteorolo gical Service'? Where can they be used in current
national work practices'? and, When can I start to use them,
and does this mean that we must be more commercia l'?
Organizat ions can no longer operate in isolation and
continue to live in the past. They must move forward, not
only to keep pace with change, but to stay ahead in a
planned and strategic ally oriented way. The strengths and
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the NMS to supply this expertis e, or if it needs to be
contract ed from outside .
Servicin g:
Key account managem ent. This requires close liaison
between the custome r and a dedicate d sales team in order to
maintain the necessa ry level of service to retain and expand
the business . It was found necessa ry to train our staff in
all aspects of custome r care.
inn
---··p=---i i-___
.....•

rnmru:~i-

Affects both the market place and the Nationa l
Meteoro logical Service s. Question s need to be raised
concerni ng the effect of competi tion on our strategi es and
it is especia lly importan t to understa nd the strategi es of
the competi tors.
The "4 P's" above cannot be looked at in isolatio n,
because each is inter-de pendent on the others. By going
through this blueprin t we can maximiz e the profita bility to
the organiz ation, as well as satisfyi ng the custome r needs,
and those of our masters - Governm ent.
4.2 Organiz ational Change
The UKMO had previou sly been a typical Governm ent
organiza tion, based very much on departm ental lines, with
duplicat ion of effort not unknown . This has changed only
slowly, the traditio nal function al structur es of
forecast ing, climatol ogy, data services providin g an
acceptab le basis for early developm ent of commer cializati on.
In 1990, the Commerc ial Services division was created, and
the structur e ~s now in place to speciali ze by market
sectors, especia lly in sales and consulta ncy areas. This is
the standard evolutio nary developm ent of the most success ful .
business enterpr ises.
5. CONCLUSIONS
In conclusi on, it is in the interest s of meteoro logy
specific ally that NMSs stay as a united front and work to
preserve the close co-oper ation that has been our strength
over the years. ECOMET is one method present ly in hand to
help this. The use of marketin g princip les and practice is
seen as the best, if not the only, way of achievin g
commerc ial success for NMSs in the threat of governm ent
cuts.
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FOR
THE CONCEPT OF INVESTMENT IN PUBLIC POLICY
ICES
SERV
NATIONAL ATMOSPHERIC AND HYDROLOGIC
Robert H. Stockman
Raymond G. O'Keefe
National Weather Service
Silver Spring, Maryland 20910 U. S. A.
INTRODUCTION
Weather Service (NWS) has
Since the 1980's the United States of America's National
improvements to the public weather,
adopted a long-term strategy to make sustained and orderly
S. A. . This process is designed to be
water, and climate prediction services available in the U.
public user needs. A central concept
continuous and evolutionary with direct responsiveness to
or climate information. are not fixed
in this strategy is that user requirements in weather, water
logic forecasts will be closely tied to
or static. Rather, public needs for atmospheric and hydro
of life and property as well as the
changing national requirements related to improved protection
advancing science and technology
more successful pursuit of national economic goals. In turn,
mented by the NWS to respond to
provide an evolving menu of capabilities that could be imple
services. Never before in the 124
the national agenda as it relates to atmospheric and hydrologic
t effort been undertaken. This paper
year history of the NWS has such a systematic investmen
NWS to implement this strategy of
will describe the efforts of the United States of America's
as a continuing process.
orderly investment in atmospheric and hydrologic services
ICE STRATEGIES IN THE
LONG-TERM ATMOSPHERIC AND HYDROLOGIC SERV
UNITED STATES
water, and climate processes
Over the last decade, scientific understanding of weather,
in scientific understanding has been
has increased significantly. Concurrent with these advances
rily for observing, computing and
dramatic improvement in technological systems prima
understanding and technological
communications. Recognizing the advances in scientific
-billion dollar program to modernize
systems, the NWS has embarked on a multi-year, multi
.
weather, water, and climate services in the United States
will fundamentally change
The Modernization and Associated Restructuring of the NWS
and warning services to the nation.
the manner in which the Weather Service delivers forecast
U. S. A. with an advanced Doppler
The Modernization of the Weather Service will provide the
satellites; sophisticated information
radar network; a new generation of geostationary and polar
observing systems; and an integrated
processing and communication workstations; automated
ce will increase the· number of top-tier
upper-air system. The Restruc'turing of the Weather Servi
of professional meteorologists and
Weather Service offices and establish a workforce
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hydrologists. In effect, the entire NWS organization has been
redesigned to take maximum
advantage of emerging technologies.
Flooding in the United States typically takes more lives than other
weather related event.
The NWS is testing new systems to improve flood warning servic
es as well as improve water
resources management. The essential element of these system
s is the Water Resources
Forecasting System (WARFS). WARFS, capitalizing on the advan
ced Doppler radar network
to monitor precipitation, will make use of sophisticated data
assimilation and modeling
capabilities. By more accurately modeling precipitation over river
basins as well as accounting
for future precipitation events, WARFS will allow the NWS to issue
more timely, accurate flood
warnings and permit better water resource management.
Findings from recent field experiments coupled with sophisticate
d computer models also
suggest that operational, socio-economically useful climate predic
tion is possible. To meet the
challenge of climate prediction, the NWS is developing the Clima
te Applications and Services
System (CLASS). CLASS will provide climate services for agricu
lture, conservation of natural
resources, effective water resource management, and climate inform
ation that will be valuable
to other sectors of American commerce. CLASS represents a partne
rship among national, state,
and local governments as well as American business.
INVESTMENT PRINCIPLES FOR SERVICE DESIGN, IMPL
EMENTATION, AND
IMPROVEMENT
The NWS has undertaken an investment of more than four
billion dollars in public
monies in support of national atmospheric and hydrologic servic
es. The expected return on this
investment is improved protection of life and property for the
American public and enhanced
commerce for American business. The NWS considered the
following investment principles
critical to achieving the expected return on investment: (1)
improved customer service and
support is essential; (2) science and technology will continue to
advance; (3) customers will need
education and training to make effective use of improved foreca
st services; (4) technical and
organizational flexibility within the NWS will be essential; and
(5) new tools will be required
to measure the utility of new atmospheric and hydrologic produ
cts.
The NWS serves a broad range of customers including nation
al, state, and local
governments, American commerce, and the American public.
Each of these customers has a
stake in making improved weather, water, and climate prediction
services successful. As such,
the NWS is seeking more systematic and direct feedback into
the process from its customers.
For example, the NWS is working closely with officials from
state offices in agriculture,
emergency services, forestry, water resources, and transportatio
n to provide residents and
industry with improved weather, water, and climate prediction
services. The NWS is exploring
efforts in several states to determine if prediction services can be
tailored· to meet the particular
needs of these states. One sector of the American economy direct
ly impacted by weather is the
insurance industry. Six of the top ten insurance losses are
weather related. The NWS is
cooperating with insurance· trade groups to better prepare the indus
try for severe weather threats,
and better manage weather losses by effectively using climatologi
cal data.
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will be essential if
The NWS recognizes that scientific and technological advancement
The NWS design for
atmospheric and hydrologic service improvement is to be continuous.
of new science and
advanced weather, water, and climate services anticipates the introduction
knowledge from academe,
technology into the process. To facilitate and expedite the transfer of
ch centers. Additionally,
the NWS has collocated several new offices with university or resear
rch Program as well as
the NWS is fully committed to supporting the U.S. Weather Resea
the very close working
national programs for hydrological and climatological research. In fact,
Administration's (parent
alliance between the NWS and National Oceanic and Atmospheric
last two decades is largely
agency of the NWS) Environmental Research Laboratories during the
responsible for the adva.nces that the NWS made in the 1990s.
ve, customers
For the modernization of weather, water, and climate services to be effecti
needs. Discussions with
must successfully apply new products and services to their particular
products and services.
customers suggest many of them are not fully aware of the utility of NWS
the need to "modernize"
The NWS realizes that as modernization services evolve so too will
ay through symposiums,
NWS customers. "Modernization" of the user community is underw
mmunications are one
publications, and personal contacts. New ways to use advanced teleco
particular opportunity in this effort.
tunities to the
The modernization of the Weather Service offers challenges and oppor
climate services have
organizational structure of the NWS. In the past,. weather, water, and
of the NWS is to deliver
been offered to the user community as separate product lines. The goal
g this task requires the
a consistent package of products and services to users. Accomplishin
of weather, water, and
NWS to integrate products across traditional organizational boundaries
create new professional
climate. The integration of product lines offers the opportunity to
water prediction services.
hybrids such as hydrometeorologists offering expertise in weather and
programs have
Traditional metrics for measuring the success or failure of investment
users served and products
tended to rest on benefit/cost analysis. Because of the complexity of
of improved atmospheric
offered, the NWS believes socioeconomic analysis to assess the utility
Socioeconomic analysis
and hydrologic services is an improvement over benefit/cost analysis.
climate information that
will allow the NWS to (1) identify the types of weather, water, and
vements; and (3) offer
warrant improved prediction services; (2) design product line impro
evidence for continued investment in the NWS modernization.
FOR CONTINUOUS
DEMONSTRATED RETURN ON INVESTMENT AS A STANDARD
PRODUCT AND SERVICE IMPROVEMENT
investment, the
To assure the American public that they receive a sound return on their
d" return on investment.
NWS requires that a new product or service first achieve a "demonstrate
value in a demonstration
"Demonstrated" return requires a new product or service prove its
methods were employed
project before full procurement and implementation is undertaken. Four
e investment; (3) joint
in demonstrating return on investment: (1) risk reduction; (2) flexibl
.
investment opportunities; and (4) public/private investment partnerships
ongoing for a
The use of prototypes and user experiments at many NWS sites has been
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number of years. These demonstrations serve to reduce risk of new product and service
performance and document evidence for benefits. An example of such a demonstration system
is the DARE (Denver AWIPS (Advanced Weather Interactive Processing System) Risk
Reduction and Requirements Evaluation). Tested at the NWS Office in Denver, Colorado,
DARE is a prototype of the sophisticated information processing and communication workstation
to be installed at future Weather Service offices. DARE is a joint effort of scientists and
engineers at National Oceanic and Atmospheric Administration's Forecast System Laboratory
in Boulder, Colorado and NWS scientists in Denver to develop an operationally robust
workstation.
Traditionally United States government procurement practices have stressed the delivery
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the least acceptable level of performance and typically do not provide for future upgrades and
service enhancements. In contrast, NWS system requirements demanded an open-ended
architecture capable of incorporating alternative levels of products and services as well as
expected technological and scientific advancements. Perhaps the most quickly changing
technologies of computer and telecommunications support to the modernized NWS will be
provided by a very flexible architecture by design in AWIPS. A proposed integrated upper-air
sounding system incorporating balloon-borne sensor technology with ground-based wind
profilers, satellite-borne sensors, and aircraft-based instruments is another example of this
flexible architecture.
When system requirements for federal agencies converge, joint investment opportunities
become possible. The NWS's requirement for short-term, high resolution weather data was
satisfied by the advanced Doppler radar. Similar requirements are necessary for the safe and
effective operation of military and civilian aircraft. Such a convergence of requirements
permitted the joint acquisition of the advanced Doppler radar by the NWS, Department of
Defense, and the Federal Aviation Administration.
The NWS has sought public/private partnerships to leverage governmental budgets to
expand Weather Service programs. Today, the NWS operates a national weather warning radio
network capable of reaching 75% of the population. By 1995, the NWS expects to expand
coverage to 95%, and to increase the availability of radio receivers among the population.
Achieving these goals required Weather Service to turn to the private sector. The insurance
industry has purchased receivers to supply hospitals and nursing homes; retail stores are
promoting weather radios around such events as "severe weather awareness week."
CONCLUSIONS
The national need for atmospheric and hydrologic information will change as society
seeks to better cope with weather, water resources and climate variability. In turn, national
capabilities to provide atmospheric and hydrologic information will also change as scientific and
technological advances continue. The proper choice of investments in national atmospheric and
hydrologic services will be dictated by national needs as well as scientific and technological
capabilities; ,Socioeconomic information about the benefits to society from improved weather,
water, and climate services will be essential to determine where scarce public investment
resources should be allocated. Sound return on national investments must be the key criterion
for such decisions in national policy for public atmospheric and hydrologic services.
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ECONOM IC BENEFITS OF LONG-RA NGE
WEATHER FORECAS TING
William R Kininmont h
Bureau of Meteorology, Australia
Long range weather forecasting is defined in this presentation as covering
seasonai timescales. PredictiorJS ielate not to the characteristics of individual
weather systems but to the overall impact of weather systems during the forecast
period. Although the potential value of a seasonal prediction service is derived
from knowledge about the expected change from climatology of seasonal weather
patterns, the real economic benefits are only realised if the predictions have skill and
are used in decision making to achieve improvements in planned outcomes.

CLIMATE VARIABIL ITY
Australia, in common with many other countries of the humid tropics and subtropics, experiences a highly variable rainfall regime. Research, particularly over
the past two decades and linked to the TOGA (Tropical Ocean Global Atmosphere)
project, has identified a major and irregular inter-annual perturbation of the climate
system that is accompanied by a shift from normal locations of the focus of seasonal
tropical convection. This is the so-called El Nifio/Southern Oscillation phenomenon.
Australia and neighbouring countries of the region are vulnerable to drought
during negative phases of the Southern Oscillation, or El Nifio episodes. The
changing sea-surface temperature patterns and wind circulation during these
episodes contribute to an eastward migration to the central Pacific Ocean of the
preferred location of rain-bearing weather systems.
lvlonitoriiig of the global climate system is dependent on coniinuing
international cooperation for the exchange of relevant data between National
Meteorological Services. There are a number of indicators used to monitor the
phases of the Southern Oscillation. Primary indicators are:

•

Sea surface temperature distribution, particularly anomalies in the eastern
equatoriai f'acifi(~ Ocean (the El Niiio); '

•

Equatorial press~re patterns, particularly the cross-Pacific gradient between
Tahiti and Danv·in (the Southern Oscillation Index:- SOl);

•

The strength of the equatorial Pacific easterly trade winds; and
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•

Preferred locations of convection as identified by outward long-wave
radiation.

Once or twice a decade on average there is an abnormal warming of the water
of· the eastern equatorial Pacific Ocean, the trade winds weaken and even turn
westerly, and there is an easing or reversal of the pressure gradient between Tahiti
and Darwin. During these episodes, each lasting a year or more, there is a shift in
the focus of tropkal convection from the longitudes of Indonesia and Papua-New
Guinea to east of the Date-line. Seasonal Rainfall over eastern and northern
Australia is suppressed with a high expectation of drought during these extended
periods of negative SOl.
The opposite phase of the 'Southern Oscillation' is equally dramatic. Once
or twice a decade the waters of the eastern equatorial Pacific Ocean are abnormally
cold, the easterly trade winds are stronger than normal, as is the cross-·Pacific
pressure gradient. During such episodes of persisting positive SOl the tropical
convection of the region is focussed over countries to the west of the Date-line and
seasonal rainfall over Australia is enhanced.
The impact on eastern Australian rainfall of the changing weather sequences
associated with the Southern Oscillation is shown in Table I. When the annual
average SOl is less than -10 the probability of receiving rainfall in the lowest 30
percentile of the climatological distribution is doubled; areas of meteorological
drought are to be expected. When the annual average SOl is greater than+ 10 the
probability of receiving rainfall in the highest 30 percentile of the climatological
distribution is enhanced and the probability of drought is low.
Table I
Average percentage area of eastern Australia receiving annual rainfall in the lowest
and highest 30 percentile of the climatological distribution during phases of the
Southern Oscillation.
Annual Average
SOl

.

< -10
-10 to +10

> +10

Numbers of
Years
(1933-1987)

Percentage Area of
Eastern Australia with Annual Rainfall
>70 Percentile
<30 Percentile

6

63

6

43

26

27

6

3

71
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BIOSPHERE RESPONSE
In Australia the impacts of the marked year to year variability of the climate
system and seasonal rainfall on natural ecosystems and rural production are striking.
In years of low rainfall many rivers flow only slowly or are reduced to stagnant
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inundated as rivers flood. Agricultural production is also closely related to seasonal
rainfall. Years of peak Australian wheat yield are generally associated with high
positive values of the SOl and years of poor yield are those of negative values of
the SOl.
Agricultural research has identified that for many localities grains and pasture
growth are rainfall limited. Also, the application of fertilisers in dry years wilJ not
be cost-effective and potentially damaging to the environment. A range of on-farm
strategies has been developed by agricultural scientists based on climate inputs in
order to improve overaH production, minimise loss in drier years, and protect the
farm resource base. An important component of Australia's National Drought
Policy is the utilisation of climate information, including prediction, for the
development of sustainable production strategies. Decision support systems that
have been developed, based on the SOl, relate to:

•

expected pasture growth, animal live-weight gains, and optimal stocking
rates;

•

grain production, including optimal fertiliser applications and projected yields;

•

frost prevention measures; and

•

pest and disease management.

FORECAST SERVICE FORMAT
In developing the Australian Seasonal Climate Outlook (SCO) service the
emphasis at this time is on seasonal rainfall. The objective is to provide a quantative
estimate of any expected deviation from the climatological rainfall distribution. This
emphasis recognises that quite different rural management strategies are required
depending on whether the seasonal rainfall is expected to be in either the lower or
the upper 30 percentile of the climatological range. If there is a high probability of
a dry season the objective is to reduce both potential economic loss and damage to
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the resource base, especially during drought. If there is a high probability that the
season will be wetter than normal the objective is to expand grain and livestock
production under these favourable conditions.
The SCO presents in map and tabular format, for each of the 106 rainfall
districts of Australia, probability estimates of rainfall in the lowest 30 percentile or
highest 30 percentile for that district over the next 3 months. The probability
estimates are statistically derived based on SOI, trend of the SOI, and sea surface
temperature in the neighbouring oceans. The SCO service is not a categorical
prediction. However, the objective probability estimates assist rural managers in
framing their farming strategy for the coming season. The service provides support
to the fundamental strategic management decisions of: should the emphasis be on
conservation of resources (for a dry outlook) or should the emphasis be on
maximising production (for a wet outlook)? Evidence of increasing access to the
SCO and positive response to user surveys confirm the service as an important
component of the land management process.

SUMMARY
Understanding of the climate system already provides a sound basis for
identifying the impact of climate anomalies on Australian natural ecosystems and
rural production. The challenge is to identify developing climate anomalies at an
early time and translate the information into useful service products. The economic
benefits from long-range forecasting are being maximised through:

•

understanding, monitoring and predicting the global climate system by way
of research and international cooperation in data exchange and processing;

•

multi-disciplinary research into regional climate impacts, and the development
of industry sector applications and services; and

•

promotion of the service so that decision makers will confidently apply
climate information to improve sustainability and optimise productivity of
rural resources.

Acknowledgments: This paper is based on outcomes from research work in the
Bureau of Met~orology Research Ceiltre, the Queensland Department of Primary
Industries and the CSIRO, and on services developed in the National Climate
Centre.
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THE VALUE OF IMPROVED CLIMATE FORECASTS:
METHODS, RESULTS AND RESEARCH NEEDS FROM
AN OVERVIEW OF THE LITERATURE
Rodney Weiher
National Oceanic and Atmospheric Administrati on
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Alan Murphy
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Oregon State Un1vers1~y
This overview of the literature on the socio-econom ic value of
climate forecasts is focused in three areas: (1) approaches taken
and methods used to assess the value of climate forecasts; (2)
results of case studies and other assessments of the socioeconomic value of these forecasts; and (3) a catalogue of
outstanding methodologic al and practical issues and problems for
further research.
Although the primary focus of the report is the socio-econom ic
value of climate forecasts, relevant items from the literature on
the value of weather and climate forecasts have been included
because similar assessment methods have been used - and the same
types of forecast-valu e studies have been conducted - across the
entire spectrum of forecast time-ranges (from day-to-day weather
forecasts to monthly or seasonal climate forecasts).
The focus of this overview is the socio-econom ic value of climate
forecasts, not the socio-econom ic impact of climate. Thus, the
relatively large and rapidly growing literature on the latter
topic generally is excluded from consideratio n here.
A.

Approaches and Methods of Forecast-Val ue Assessment

Two general approaches to the problem of assessing the socioeconomic value of climate forecasts and be identified: (1) the
prescriptive approach and (2) the descriptive approach. The
prescriptive approach assumes that users of such forecasts behave
in a manner consistent with normative principles (e.g., the
maximization of individual or collective economic welfare). This
approach involves the use of formal models of individual users'
decision-mak ing problems or of economic markets (or sectors)
influenced by the aggregate effects of individual users'
decisions. The descriptive approach, on the other hand, focuses
on the actual behavior of users (i.e., their actual informationFormal models of the
processing and decision-mak ing procedures).
type employed in the prescriptive approach are generally not
employed in the descriptive approach.
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These approache s can be applied at the level of individua l users
or at the level of markets consisting of groups of individua l
users who face similar decisions andfor participa te in similar
activities . At the individua l-user level, assessmen ts associate d
with the prescript ive approach generally employ decision- analytic
methodolo gy.
At the market level, prescript ive assessmen ts usually employ
methods based on economic concepts such as producer and consumer
surplus. These methods attempt to address directly the ways in
which climate forecasts affect market-le vel factors such as the
price of a commodity produced by individua l users of the
forecasts as well as the socio-econ omic welfare of both producers
and consumers of the commodity . In these market-le vel
assessmen ts, climate forecasts are taken to represent a
technolog ical advantage , and their value is inferred from the
equilibriu m situation that results when the market for the
commodity adjusts to the presence of this new technolog y.
Assessmen t methods associated with the descriptiv e approach range
from surveys of (and/or interview s with) users to in-depth case
studies and decision experimen ts. In the case of surveys and
interview s, the informatio n required to (inter alia) infer
forecast-v alue estimates is sought via users' responses to direct
or indirect questions .
Applicatio n of prescript ive or descriptiv e assessmen t methods to
forecast- sensitive situation s usually involves assumptio ns
regarding the nature of structure of the underlyin g situation s
andfor behavior of users of the forecasts (especiall y in the case
of assessmen ts based on prescript ive methods).
Problems related to appropria teness of assumptio ns, user's
responses , etc. can be overcome to a considera ble extent and the reliabilit y and credibili ty of forecast-v alue estimates
could be improved substanti ally - by taking advantage of the full
range of capabilit ies contained in existing assessmen t methods.
For example, assessmen t methods based on economic principle s and
models often can provide superior aggregate estimates of the
benefits of forecasts at the market-le vel, in contrast to most
forecast-v alue estimates at the level of markets or sectors which
have been based on scaled-up estimates obtained at the level of
individua l users. Further, well-desig ned and carefully conducted
surveys or case studies can serve as an important source of
informatio n for - as well as a reality check on the assumptio ns
made, models formulated , etc. Generally speaking, the best
forecast-v alue studies attempt to make use of the full range of
features associated with both prescript ive and descriptiv e
assessmen t methods.
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B.

Forecast-V alue Studies and Related Work:

Some Results

Prescript ive studies generally have focused on the value of
forecasts at the level of individua l users. To date, very few
prescript ive studies have addressed the forecast-v alue problem at
the level of markets or sectors. Descriptiv e studies have been
undertake n at all levels, from the level of individua l users to
the levels of user groups, economic sectors, and even national
economies . However, such studies usually have derived their
forecast-v alue estimates at these higher levels simply by scaling
up the estimates obtained at the individua l level (i.e., by
multiplyin g represent ative individua l-level forecast-v alue
estimates by the number of users).
Several relatively realistic prescript ive case studies of the
value of climate forecasts in real-world situation s have been
conducted since 1980, largely of agricultu ral decision-m aking
problems and involve the formulatio n of both static and dynamic
decision-m aking models that provide quantitat ive estimates of
forecast value over a wide spectrum of time ranges.
Unfortuna tely, only a handful of prescript ive studies of the
value of climate forecasts have been conducted at the market (or
sector) level. However, a recent interdisc iplinary pilot study
of this type that integrate s econometr ics, meteorolo gy, and
biology indicates that improved forecasts of El Nino events could
provide substanti al benefits to the agricultu ral sector in the
southeast ern u.s.
Descriptiv e case studies have been conducted in a relatively wide
spectrum of settings and have produced quantitat ive estimates of
the benefits of forecasts generally to be of positive value.

c.

Tentative Conclusio ns and Current Problems

Tentative conclusio ns from this review of the socio-econ omic
value of climate forecasts are that:
1.

Both prescript ive and descriptiv e studies indicate that
state-of- the-art forecasts generally possess positive value
over a broad spectrum of decision-m aking ~roblems and
forecast time ranges.

2.

Forecast use and value depends on the nature and structure
of users' decision-m aking.prob lems, on various
character istics of the informatio n (including the forecasts)
on which their decisions are based, and (in the case of
descriptiv e studies) on a variety of behaviora l
character istics of users.
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3.

A
•
«<t

The vast majority of prescriptive studies of the benefits of
climate forecasts have focused on obtaining forecast-value
estimates at the level of individual users. This work has
produced some notable developments concerning assessment
methods, although greater efforts need to be made to model
the forecast sensitive situations in a realistic manner and
to undertake applications in sectors other than agriculture.
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level that have not explicitly or implicitly involved the
assumption that forecast-value estimates at those levels
can be obtained by simply scaling up estimates obtained at
the level of individual users. A prescriptive approach that
makes use of economic models of markets or sectors - or an
approach that combines decision-analytic and economic models
- appears to offer the best hope of addressing this marketlevel assessment problem in a methodologically sound manner.
5.

Most real-world case studies of the socio-economic benefits
of forecasts have not explicitly addressed the issue of the
Comparison of
costs of producing/improvin g the forecasts.
the benefits with the costs provides a basis for putting
the benefits into proper perspective.

6.

Most studies of the value of climate forecasts have been
conducted in the developed world. A clear need exists to
extend these studies into the developing world, where
substantial benefits are perhaps more likely to be realized.

In conclusion, two points must be emphasized. First, this
problem is fundamentally interdisciplinary, requiring expertise
from such fields as economics, operations research, psychology,
statistics, and systems analysis, as well as climatology.
Second, the problem of forecast-value assessment requires - to
make real progress - a continuing program of methods-oriented and
Real progress in this area will
applications~oriented research.
to attract and retain
available
made
are
resources
that
require
team (or two) over
assessment
forecast-value
an interdisciplinary
an extended period of time.
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THE ROLE OF DECISION MAKER EXPECTATIONS IN VALUING CLIMATE INFORMATION
M.A. Mazzocco, B.J. Sherrick, S.T. Sonka (all Univ. of Illinois), and P.J. Lamb (Univ. of Oklahoma)
Introduction
information
Information technology has been developing rapidly for more than a decade. The usefulness or value of
on of
identificati
the
been
has
is sometimes questioned to help guide the development of information systems. At issue
climate
of
value
economic
the
factors affecting the value of climate information. Previous work has focused on
and Anderson,
information in agricultural production (Mjelde et al., 1988; Katz, Murphy and Winkler, 1982; Byer!ee
characteristics
the
and
forecasts
climate
by
1982). Similar efforts continue to investigate which decisions are benefitted
of the forecasts that give rise to their value.
to
The method often used to value climate information is based on Hilton (1981). This model is easily adaptable
When
inputs.
variable
of
use
the
to
relate
decisions
and
agricultural production, where climate is a stochastic event
an information
optimal outcomes are dependent upon decision-climate information interactions, the Hilton method values
.
information
without
and
with
outcomes
system as the difference in expected optimal
Most research along this vein has endowed the decision maker with perfect knowledge of historic climate
information"
probabilities, which are used to establish prior probability distributions on climate outcomes in the "no
the use of
behind
scenario. This assumption of perfect historical prior probabilities is challenged here. The theory
s from
expectation
climate
of
alternative prior probabilities is reviewed in the next section. Then a report on an elicitation
section
last
The
s.
probabilitie
a sample of agricultural producers is given, comparing their prior beliefs to historic
describes an application of calibration theory, a method of
assessing differences between true and subjective
Representative POFs
probabilities.
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situation if the decision maker has "no basis whatsoever on
Inches
which to judge the relative likelihood of potential outcomes
0
Sample PDFS
(Yates and Zukowski, 1976, p. 19)." Ambiguous decisions Figure 1- April Rainfall PDF and
for
basis
some
is
lie between these two extremes; there
assessing relative probabilities, but not with precision.
Farmers' assessment of climate probabilities are likely described by ambiguity.
and 1987).
Einhom and Hogarth describe models of decision making under ambiguity (Einhom and Hogarth, 1985
used as the
is
probability
initial
The decision maker is said to employ an "anchoring-and-adjustment strategy in which an
net
The
46)."
p.
1987,
anchor (or starting point) and adjustments are made for ambiguity (Einhom and Hogarth,
Einhom
and
Hogarth
anchor.
the
than
lower
adjustment is made from mental evaluation of probabilities both higher and
the
affect
factors
these
Because
adjustment.
the
affect
(1990) further expanded this theory to include other factors that
at by
arrived
are
which
weights,
decision
as
s
probabilitie
adjusted
assessment of subjective probabilities, they refer to the
ambiguity,
of
degree
the
,
uncertainty
outcome
include
factors
t
"venturing" or mentally simulating outcomes. Adjustmen
the context of the decision, and the sign and size of payoffs.
of
Outcome uncertainty refers to ambiguity arrising from the decision maker experiencing a limited number
the
behavior,
cautious
exhibiting
individuals
for
that
is
hypothesis
maintained
The
outcomes (as in a one-shot game).
and
losses
of
greater the outcome uncertainty, the more mental simulation takes place that results in the overweighting
the
in
is
maker
the underweighting of gains. The same is true for the degree of ambiguity; the less confident a decision
ing
overweight
or
underof
assessment of anchoring probabilities, the more mental simulation is performed. The degree
is a function of
is affected by the size of the payoff. The degree of caution exercised in the process of mental simulation
the decision context.
s and
Application of the Hilton method to valuing climate information fundamentally depends on the prior probabilitie
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- 235 central Illinois can use historic climate information on 1) winter precipitation, 2) July rainfall, and 3) the general sununer
growing conditions (a composite of precipitation, solar radiation, temperature, and pan evaporation) to plan nitrogen
fertilizer application. Minor modifications in the perceived probabilities of these three climate parameters can lead to
substantial changes in rational decisions. There is clear value in changing the ambiguous decision weights to coincide
with historic climate probabilities. To ascertain the degree to which expectations differ from historic probabilities,
research was conducted to elicit farmers' assessments of the probability of climate events that affect growing crops.
Describing Farmer Expectations of Climate Variables
A survey was conducted to recover complete probabilistic descriptions of farmers' climate expectations. Participating
farmers were selected for their 1) cooperation with a state-wide farm record keeping association, 2) their close proximity
to a single weather reporting station (to mitigate the potential effects of widely differing experiences), 3) relatively large
cash grain operation, and 4) understanding of probability concepts. Personal interviewers elicited fractile breaks (i.e. the
level of rainfall at which the 1, 10, 25, 50, 75, 90, and 99 cumulative percentiles occurred) through a series of questions
posed in both the CDF framework and inverse CDF framework. After checking for internal consistencies, fifty-one
useable surveys were collected. Specific variables of interest were April rainfall and July rainfall. A large amount of
April rainfall is considered a negative outcome as it delays planting. A large amount of July rainfall is considered a
positive outcome as it supports crop growth. Thus, venture theory would suggest that subjective probabilities of large
April rainfall would be overstated by respondents, while probabilities of large July rainfall would be understated.
We denote subjective distributions with a superscript "s" and objective distributions with a superscript "o".
0
Subjective beliefs (PDFs) are compared to the "objective" or "true" probability measure for each variable (PDF ). A
0
support
zero
variant of the Burr-3 distribution was used to model both PDF and each farmer's PDFs. The Burr has
(negative levels are disallowed), may take on a wide range of skewness and kurtosis, and can be used to fit almost any
set ofunimodal data (Tadikamalla, 1980). The Burr PDF and CDF for rainfall, Y, with parameters A.,and 'tare:
(1)
fBR(Y!A.,'t) = A.'ty-'t- 1(1+Y-'tr"-- 1 for A., 't, Y >0,
(2)
(Y't/(l+Y't))A.
=
(l+Y-'tfA.
=
FBR(Y!A.,'t)
and
Mielke
(Mielke;
amounts
precipitation
model
to
forms
various
in
extensively
used
been
has
This distribution
Johnson}, as a function for business losses (Lomax, Dubey) and by the insurance industry for loss distributions.
Results
Historic weather data from 1903 to 1990 were used to estimate the parameters of the "true" distributions of April
and July rainfall. Nonlinear least squares was used to estimate the parameters of each farmers' subjective distributions
for both April and July rainfall. The findings are sununarized both across farmers and in terms of each farmers fit to
the historic probability function. Figure 1 gives the a sample of two farmers' subjective beliefs about April rainfall
(PDFs) along with PDF0 •
Table 1 examines the cross section of farmer responses. For each fractile break elicited, the collective responses
were summarized and compared to the actual. For example under April rainfall, at the 25% level (the level at which
there is a 25% chance of observing less rainfall and 75% chance of observing more) the precipitation level corresponding
to the true distribution is 2.34 inches. In other words,
there is a 75% chance of observing at least 2.34 inches of
rain in the month of April. Of the farmers surveyed, 63%
Calibration Functions
replied with a higher number (i.e. expected more rainfall at
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q
the 25th percentile), the average ofallresponses was 2.785
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true level of July rainfall is 6. 74 inches, but the ave~ge of
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the probability of a positive outcome.
For individuals, the value of climate information depends upon the entire prior distribution and the process of
revising expectations through the adoption of information. Referenced work indicates there could be substantial benefit
is
in better understanding historic climate information (as it pertains to midwestem crop production). Hence, a method
CDF.
the
of
levels
all
at
measures
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and
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between
differences
the
represent
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to
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Calibration Tests
Calibration refers to the correspondence between a predicted and an actual event. In terms of distributions,
calibration describes how close the predicted and resulting functions are. Heuristically, if there were a reason for the
individual expectations to yield estimated parameters that required an adjustment to correspond to the "true"
Table 1. Summary of Farmers' Subjective PDFs on Climate Events

I
10%
APRIL Rainfall
(inches)

25%

50%

75%

90%

31.5

63

85.1

74.1

61.1

1.57

2.34

3.47

4.93.

6.54

Average response

1.415

2.785

4.444

5.806

7.461

Std. Dev. of
responses

0.551

1.003

1.219

1.426

2.035

85.2

77.8

66.7

55.6

57.4

1.27

2.05

3.27

4.89

6.74

Average response

0.813

1.781

3.008

4.614

6.489

Std. Dev. of
responses

0.528

0.704

0.821

1.164

2.23

% offarmers
>=actual
True(inches)

JULY Rainfall
(inches)

11

p,
- - - - - - tile Level

%of farmers
<=actual
True(inches)

parameters, then this adjustment is termed the calibration function, and can be denoted as K( •). Regions of K( •) with
slope greater than one correspond to regions of the CDFs that need to have mass added and regions of K( •) with slope
A
less than one correspond to regions of the forecasted distribution that have too much mass and need to be decreased.
the
of
parameters
The
methods.
standard
using
estimated
and
function
calibration
the
parametric form can be chosen for
estimated function can shed light into the nature of the mis-calibration (Fackler and King). For the purposes of this
study, the calibration function is based on the beta distribution with density
(3)
..
K(x) = xP-1(1-x)q-1/Jl(p,q),
well
is
where fi(p,q) is the beta function with parameters p and q. As noted in Fackler and King, the Beta distribution
known, flexible and contains the uniform distribution as a special case when p=q = 1, implying perfect calibration.
Other shapes of the fitted calibration curve indicate the "reweighting" of the estimated distributions needed to correspond
to those subsequently observed. Figure 2 displays the sample calibration functions corresponding to the following cases:
(1) well calibrated or uniform, p = q = 1; (2) overconfidence or an understatement of dispersion, p < 1, q < 1; and (3)
understatement of location, p > 1, q < 1. The slope of the calibration function reflects the· reweighting of the s~bjective
. .
distribution that is needed to make it correspond to the true distribution.
.
July
and
April
both
for
(CDFs)
CDF
subjective
farmers'
Calibration functions were estimated for each sample
variability
both
understate
to
is
propensity
the
rainfall,
April
to
respect
With
rainfall. The results are given in table 2.
and location. The estimated July calibration functions suggest th~t nearly half tht! farmers had subjective distribu.tions
that overstated variability. Further, the location tended to be understated, reflecting pessimism abmit the likelihood for
favorable July precipitation. Again, these observations are consistent with ventme, theory.
.. .
·
..
· Conclusions
the adjustments
with
A sample of farmers ..indicated that their expectations of April and July rainfall )¥ere consist~nt
functions · ,
Calibration
leveL
predicted by venture theory ,based both on the sign of the payoff and their ambiguity
that an
inilicate
results
The
probahility.
indicate· the altera~ions necessary to equate their subjective beliefs with historic
cl

- 237 educational program alone might not be sufficient to derive full value from climate forecasts. Rather, it indicates that
innovative forecast design strategies may be necessary to make agricultural producers respond to the desired probability
distributions.
Table 2. Calibration Functions Summary
April Rainfall
(No. of farmers)

Parameter Groups

July Rainfall
(No. of farmers)

I

Interpretation

p >1, Q >1

12

23

Over dispersed, under confident

p <1, Q <1

21

12

Over confident, under dispersed

p >1, Q <1

3
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Overstated location
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5 had pseudo p-values on ihe hkehhood ratio test > .05 and could be considered well cahbrated. However, ihe variance of the estimator is biased

....

toward low values due to the procedures used to estimate subjective PDFs.
8 had pseudo p-values on the likelihood ratio test > .05 and could be considered well calibrated.
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1. INTRODUCTION
A considerable part of the Danish coast is vulnerable to the effects of storm surges. This is
most pronounced along the North Sea coast, especially along the Wadden Sea area in the
southern part of Jutland.
Up to 1990 the storm surge warning system for the Wadden Sea area was based on statistical
forecasts of the water level up to 7 hours ahead .. Input to the statistical forecast system were.
meteorological forecasts of wind and pressure.
January 26, 1990 a severe storm surge hit the west coast of Jutland early in the morning
when most people were fast asleep. The sea level reached 4.13 m above MSL, the second
highest peak level in the last 100 years.
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Figure 1. The Wadden Sea area.
After this storm surge the economic benefit of an early storm surge warning system became
evident, and this led to the establishment of DKSS90, a storm surge warning system which
has been operational since the autumn 1990.
Furthermore the Storm Surge Council was established. The purpose of the council is if certain
criteria are fulfilled to compensate for economic loses caused by storm surges. The budget
of the> storm surge council is 50 mill. DKK. per,. year. (7.5 DKK = 1 ECU).

2. The early storm surge warning system.
The early storm surge warning system is based upon a hydrodynamical model (Vested, 1992)
with grid resolution, 18 km. The model covers the North Sea, Danish Domestic Waters and
the Baltic. Embedded in this model is 3 fine grid models covering the Danish Domestic
Waters, the Wadden Sea and the Great Belt.

- 240 -

The meteorological forcing of the hydrodynamical model is wind and pressure forecasts from
a limited area model.
At present, the system is used to predict the sea level along the Danish coast in general, and
the Danish Wadden Sea in particular, up to 36 hours ahead, and the DMI now issues storm
surge warnings for the Wadden Sea and the west coast of Jutland up to 18 hours ahead.
forecasts is 15 cm, however the MAE on the
sea level·
The mean abs error (MAE)- of the
'
.
significant extremes is still 25 - 50 cm.
~

The model area is shown in figure 2.
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Figure 2 The DKSS90 model domain. Tide gauge stations used for verification are
marked with a solid circle.
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3. The economic benefit of the early storm surge warning system.
The annual reports from the Storm Surge Council provide detailed information about the
economic consequences of storm surges in Denmark.
Since the Council was founded in october 1990 we have experienced two major storm surges
in Denmark.
3.1 January 9. 1991.
The first storm surge hit the Wadden Sea and was very similar to the storm surge a year
earlier, with a sea level peak 3.75 meters above MSL, the 5th highest peak in 100 years.
Due to the storm surge warning and well prepared procedures to handle warnings the
economic losses caused by this storm surge were less than 2.0 mill. DKK.
3.2 February 21, 1993.
One year later the sea level raised to 1.65 meters above MSL, the largest peak value in 100
years, in the Great Belt area which was not included in the operational storm surge warning
system.
As a result of this no precautions were taken to minimize the damages and the economic
losses were. huge, 50 mill. DKK. The Great Belt area is now included in the operational
warning system.
4. Conclusions.
The statistical material in this study is very limited, but storm surge, warning systems seem
to be a good investment, and the DMI is planning to extend the storm surge warning system
to cover all regions in Denmark where storm surges may occur.
4. References
Vested, H.J., H.R. Jensen, H.M. Petersen, A.M. Jmgensen and B. Machenhauer,
1992: An Operational Hydrographic Warning System for the North Sea and the
Danish Belts. Continental Shelf Research, vol. 12, No. 1, p. 65-81.
Annual reports from the Storm Surge Council.
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ECONOMIC IMPACTS OF CLIMATE CHANGE
and the
E INFORMATION
CLIMAT
VALUE OF
JAMES P. BRUCE
CHAIR, CANADIAN CLIMATE PROGRAM BOARD
CO-CHA IR, INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE
WORKING GROUP Ill
In the past few years a number of leading econom ists
have turned their attenti on to issues related to greenh ouse gases
Most have focusse d on estima ting the costs
and climate change .
for individ ual countr ies of limitin g greenh ouse gas emissi ons.
Some have conside red the social costs of inactio n, of allowin g
greenho use gas induced change s to procee d, which is closely
A very
related to assessi ng the benefi ts of emissio n reduct ions.
g
reducin
in
ation
few have consid ered the value of climate inform
based
is
ation
inform
uncert ainties about future climat e. Such
signifi cantly upon system atic monito ring and climate researc h
efforts of many Nation al Meteor ologica l and Hydrol ogical
In the Intergo vernme ntal Panel on Climat e Change ,
Servic es.
Working Group III, on global and region al socio-e conomi c and
cross-c utting issues , is assessi ng the literat ure on these three
Working Group II of
aspect s of the econom ies of climate change .
IPCC is also concern ed with the econom ics of climate impact s,
adapta tion and respon ses primar ily on a sector al basis.
The problem of estima ting econom ic damage s and social
effect s of a project ed climate change is fraugh t with
diffic ulties . First, a future climate scenar io must be
postul ated. Most of the econom ics literat ure assume s an
"equili brium" climate future for an equiva lent to a doubled CO:z
atmosp here that was provide d by the IPCC WG I Report s of 1990 and
1992 based on a so-call ed Busine ss as Usual emissio ns scenar io.
A climate sensit ivity of 2.5 or 3QC is assumed in most analys es,
This is a
aboLit the "medium " value of the 1990-92 assessm ents.
global mean value and the questio n of change s by region s, and any
change s in variab ility of climate and its extrem es has less
This will be discuss ed furthe r.
consen sus.
Based on such project ed change s, many studie s of
physic al and biolog ical climate impact s have been conduc ted.
These too, have their compli cations . First, there is limited
knowled ge of the sensit ivity to climate change of variou s natura l
eco-sys tems and of managed system s. Second ly, if projec tions are
, it will be not
bein~ made to the latter half of the next century
only the climate that affect s ecosyst ems and socio-e conomi c
system s. Many other factors will be at work - popula tion growth
How to separa te the
and shifts , new techno logies, and so on.
climate impact signal from other likely change s?
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Given these problems, the third major step, or rather
leap, that must be taken by economist s is to convert the physical
and biologica l impact assessmen ts into monetary values. Most of
the publish~d estimates of damage for ~ "benchmark warming" (2 x
C02) are for the United States assuming U.S. economy at its
present scale. With b•se year of 1988 or 1990 and a 2.5°C
sensitivi ty, estimates by Cline (1992) and by Fankhause r (1994)
are of losses exceeding $60 billion per year, or 1.1/. and 1.2/. of
Titus et al assume a 4°C
GDP respective ly for the two authors.
sensitivit y and estimate more than double the damages (i.e. a
Largest losses in the 2 x C02 estimates are in
2.5/. GDP loss).
the sectors of water supply and quality, health and human life,
agricultu rej electricit y demand, and sea level rise.
Estimates at a global and regional level have recently
been attempted by Fankhause r. The world totals are estimated to
be of the order of 1.4/. of GDP or $245 billion for a doubled C02
climate, .but with losses larger as a percent of GDP (1.5/.) for
non-OECD countries than for the OECD industria lized nations
In short, economist s estimate global damages due to a
(1.3/.).
doubled C02 equilibriu m climate in the range 1/. to 2/. of global
GDP.
This compares with recent estimates of the cost of
limiting C02 concentra tions in the next century to less than a
doubling of pre-indus trial level of the order of 1/2 to 3/4/. of
global GDP (Richels and Edmunds 1993). However, much of the
investmen t to reduce emissions must come in the first part of the
century and the benefits accrue increasing ly in the latter part.
Thus the interest rate used - a "social" rate or a "business"
It should be
rate becomes very important in policy making.
noted, however, that IPCC engineers and. _economist s are assessing
many national studies that indicate that the first 10 to 20/. of
emission reduction can come at zero or negative cost through
energy efficiency measures.
When considerin g the value of informatio n, the few
done are based on the value of perfect
studies
economic
projection s of future climate and thus more cost-effe ctive
Peck and
policies for adapting to and limiting climate change.
) Model
Trajectory
Emissions
(Carbon
CETA
the
used
(1993)
Teisberg
better
of
value
the
and
ties
uncertain
warming
global
study
to
informatio n about climate.
Their estimated values of perfect informatio n now
years from now depends on the policie• that would be
20
versus
If a no emission .control policy is
uncertain ty.
under
adopted
of informatio n at $180 billion;
value
a
estimate
they
adopted,
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if 1990 emission limits are imposed until uncertainty is
and if
resolved, they estimate ~ value of $8.5 trillion;
billion.
$6.2
of
value
a
"optimal" control policies are followed
scientific
of
levels
present
All of these estimates well exceed
.,..f.f.-...-+
'1,0;' r _ , " " ' •

Closer to direct interests of Meteorologic al and
Hydrological Services one of the most difficult issues the
economist~ face in estimating damages is whether climate extremes
Recent
causing natural disasters will increase with doubled C02.
to $60
$50
from
disaster losses have increased greatly and ranged
coupled
cean
Some newer atmosphere-o
billion per year world-wide.
transient climate models suggest increases in extremes, heavy
rains in some areas, droughts in others, and severe storms with
Observations of some climatic parameters suggest
increasing C02.
an increase in frequency of extremes in the late 80's and 90's
consistent with the model projections, but still within the range
of the large natural climate variability.
Whether the models are correct or not in projecting an
increase in extremes, Meteorologic al and Hydrological Services
are in the front line of reducing costs of adapting to both the
natural climate variability and any changes. First, they are key
to providing data for up-dated assessments of risks of storms,
floods and droughts - these risk assessments forming the
At the
foundation for di5aster prevention programs and policies.
same time the National Services provide vital warnings to permit
In these two
preparedness to further reduce disaster losses.
ways, National Meteorologic al and Hydrological Services are
already preventing natural disaster losses from soaring beyond
the present $50 - $60 billion annually and can do even more to
lower those losses if provided with adequate resources. This
response to present climate variability will become increasingly
important if climate change is manifested mainly by increasing
frequency and severity of extremes, as many scientists now
expect.
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ECONOMIC ASSESSMENT OF VULNERABILITY TO SEA LEVEL RISE FOR
ENGLAND AND WALES
B D Richardson, Principal Engineer, Flood and Coastal Defence Division,
Ministry of Agriculture, Fisheries and Food, London
EAST ANGLIA CASE STUDY
This study broadly applied conventional cost-benefit analysis to a case study area of East Anglia to
appraise the threat of sea level rise posed to one of the most vulnerable stretches of the UK coastline.
A planning horizon of the year 2050 for accelerated sea level rise (ASLR) forecasts, the physical and
ecological impacts assessments and the socio-economic response costs was adopted. This time horizon
allowed the use of simplifying assumptions about possible 'adaptation mechanisms' such as population
movement and industrial relocation, as well as providing a reasonable basis for the calculation of
discounted cost and benefit streams in monetary terms.
The assessment was based on three broad types of policy responses, do nothing, maintain the status
quo and improve. Do nothing assumed that areas were abandoned as sea level rose and flooding became
unacceptably frequent, maintaining the status quo meant that defence levels were maintained at their
current level so that overtopping became more frequent as relative sea levels rose and the improve option
assumed that defences were raised in line with increased sea levels to maintain the current standard of
protection.
The hazard zone was sub divided into 186 separate physiographic units, based on flooding and
erosion risk. To establish the assets at risk, the flood hazard zone was defined as all coastal areas below
5m AOD and areas at risk from coastal erosion were assumed to be limited to land adjacent to an eroding
coastline. A detailed survey was carried out to establish the numbers and location of properties, total
population, area and type of agricultural land, transport infrastructure, number of waste sites and nature
conservation sites, together with historical sites, landscape resources and recreation resources to provide
an inventory of natural and man-made capital assets for each unit. The existing sea defence and coastal
protection system in each hazard zone was also quantified and evaluated. Efforts were then made to
model actual feasible changes in flood return periods and coastal erosion rates by 2050 under the three
different management scenarios of do nothing, maintain and improve.
The estimated mean ASLR values were adjusted to account for local geological subsidence (of the
order of 1.5 mm per year for this region) in order to produce regional rises in sea level by the year 2050.
Four different ASLR values were used in the analysis, the 40 cm total rise is equivalent to about 30 cm of
global sea level rise, (5 mm per year). The historic return periods of water levels and rates of coastal
retreat were adjusted upwards to account for the predicted sea level changes.
The final analytical step was to express the consequences of such changes in economic terms via a
partial social cost benefit model. The social cost benefit analysis (SCBA) was 'partial' because it only
considered the economic benefit (damage cost avoided) of protection to properties and agriculture. These
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two asset categories were the most amenable to monetary evaluation. The model contains a detailed
breakdown of a range of costs and benefits (e.g. defence costs, agricultural losses, property losses and
some environmental asset losses) divided into temporary and permanent impact categories.
The total benefits of adopting either the maintain or improve response strategies would be given by
the size of the damage costs and losses avoided, the difference between the damage costs and losses
incurred in a do nothing situation and those incurred in either of the two active responses. The net benefits
of each response strategy was computed by subtracting the capital and maintenance defence system costs
from the value of total benefits (damage costs avoided).
The basic economic analysis was more complicated in hazard zones which were already 'defended'
from erosion/flooding by various sea defence and coastal protection structures and systems. These
'defences' would not collapse immediately but would be subject to progressive failure over an uncertain
period of time. Other complications also include the current 'status' of the asset inventory in the zone, the
quality, age and condition of property, vintages of plant and equipment in industrial enterprises and the
quality and carrying capacities of natural ecosystems.
CASE STUDY RESULTS
The results of the 'partial' SCBA approach, in terms of present value cost streams and the Net
Present Values (NPV) for both the active response strategies (maintain and improve), are given in Table I.
These cover both the flood and erosion hazards individually and combined, over the range of ASLR
scenarios considered.
TABLE I
Net Present Value of the Maintain and Improve Defence Response Strategies(£ million) 1990-2050
Combined Hazard (Erosion and Flood)
ASLR(cm)_
Maintain
Improve
Flood hazard

20
962-969
1021-1024

40
928-937
1001-1004

60
909-922
982-985

80
861-881
816-818

ASLR(cm)
Maintain
Improve
Erosion Hazard

20
1001-1008
1067-1070

40
960-969
1048-1051

20
-39
-46

40
-32
-47

60
911-924
1009-1012

80
847-867
842-844

ASLR(cm)
Maintain
Improve

I

60
-2
-27

80
14
-26

The NPV is a summation of the costs and benefits of each strategy over a future 60 year period
(1990-2050), discounted each year as appropriate. The discount rate used was 6% which is the current
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UK Treasury rate. In the case of the flood hazard, a range of values rather than a single NPV is given to
reflect the underlying uncertainty in the nature of future physical flood conditions.

An estimate of environmental benefits was obtained from the results of a separate project. This
involved a contingent valuation study to estimate the monetary value (willingness to pay) of a protection
strategy to mitigate the increasing risk of saline flooding and conserve the recreation and amenity values of
the internationally important wetland complex, within the hazard zone, known as Broadland. The results
produced values ranging from £67 to £140 ($100 to $200) per household per annum. The total recreation
and amenity value of Broadland was estimated to be within the range of £5m-£15.5m per annum and
wouid add 8-10% to the net present vaiue of the 'improve' strategy in the above tables.
Clearly, the flood hazard contributes far more than does the erosion hazard to the combined hazard
NPV. Both the Maintain Status Quo and Improve response NPVs are positive in all cases indicating that
both these responses are more efficient than a do-nothing strategy. · For all of the ASLR scenarios the
Improve response has the larger NPV indicating that this is the most efficient response. However, looking
at the erosion hazard alone both active responses result in negative NPVs, indicating that Do-nothing may
be economically the most efficient response, in the context of coastal erosion.
NPVs in the flood hazard context, were calculated for each of the 113 flood compartments that
make up the study area and the most economically efficient response was identified in each case. This
showed that active response strategies (either Maintain or Improve) were the more efficient in the majority
of compartments and the Improve response is predominant. However, there were some compartments
where both active strategies produced negative NPVs, although it must be remembered that only property
and agricultural assets were considered. In order to optimise economic efficiency a variety of response
strategies should be employed within the coast zone and this is the approach that is now being adopted in
an effort to 'optimise' shoreline management.
Sensitivity testing of the results highlighted the importance of socio-economic factors such as
property values and discount rate rather than the physical parameters such as the amount of ASLR and
flooding impact characteristics as having the greatest influence on the results. There is much debate as to
what the appropriate discount rate should be for situations where effects may not be felt until far into the
future and other studies into climatic change impacts have used lower discount rates.
CONCLUSIONS AND ASSESSMENT OF OVERALL VULNERABILITY
The present value cost of sea level rise for the area has been determined, assuming a discount rate of
6%. Taking the long term geological land settlement of the area as approximately 10 cm in the 60 year
period and the approximate equivalents of the IPCC 1992 and IPCC 1990 global ASLR predictions, one
way of summarising the vulnerability of the case study area in economic terms is given in table IT.
It was originally intended that future studies should extend the case study at a reduced level of detail
to the whole of the coast. However, the techniques used are very data intensive and therefore expensive to
apply over a large area. With encouragement from the Ministry and grant aid in appropriate cases, local
coastal groups are now producing strategic assessments of their shorelines. These will take account of
agreed allowances for predicted sea level rise over the next 40-50 years and should, within the next two
years, cover all of the most vulnerable sections of coastline. It should then be possible to collate the data
from these regional studies to produce a much more accurate assessment of vulnerability to sea level rise
than has hitherto been possible at the macro scale from very limited data.
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TABLEI I
Economic vulnerability of the case study area
40 cm ASLR (equivale nt to 30 cm 2lobal SLR) by 2050
Present value of damage due to ASLR
Present value of cost of full protection

£m
165
95

$m
240
140

50 cm ASLR (equivale nt to 40 cm global SLR) by 2050
Present value of damage due to ASLR
Present value of cost of full protection

185
118

270
170

The case study has been used to provide an interim estimate of order of the vulnerability of England
and Wales as a whole. The total length of the coastline is some 4,200 km and, on a simple pro rata basis,
the present value of ASLR damage might amount to £3,500m ($5,000m). The case study area is probably
more physically vulnerable than much of the UK coastline. Other areas such as the Thames Estuary and
A
the South East Coast are much more intensively developed but also protected to a higher standard.
and
£4,000
between
of
conservative national estimate for the present value of damage due to ASLR
ts
£5,000m ($6,000m to $7,500m) is, therefore, reasonable as the basis for interim global assessmen
although this must remain highly speculative until further regional studies have been undertaken and
analysed. On the basis of the case study, the actual response costs are likely to be some 60% of these
figures.
It is also important to note that, according to recent work, some 2, 750 ha of salt marsh and up to
10,000 ha of inter-tidal flats in England, which represent a significant environmental resource, are under
threat from ASLR. At present, the economic analysis takes no account of these losses.
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ABSTRACT

INTRODUCTION
The term East Africa is used here to refer to three states which are located over the
equatorial Eastern part of Africa namely, Kenya, Uganda, and Tanzania. Agriculture, Livestock,
Wildlife, Forestry, Fisheries are among some of the major natural resources of the region. The
potential for mineral resources is high over part of the region, but exploration and exploitation rate
has been relatively low.
Most of the socio-economic activities are closely linked to the regional space-time patterns
of climate and rainfall variability. This paper attempts to examine the degree of vulnerability of
the East Africa socio-economic activities to the extreme rainfall events like floods and droughts.
The space-time patterns of the regional climate and socio-economic activities are however
addressed first. The last part of the paper is devoted to the importance of meteorological and
hydrological information in disaster preparedness, and the planning and management of the
negative impacts of the extreme meteorological and hydrological events.

CLIMATE AND HYDROLOGICAL RESOURCES OF THE REGION
The most important climate parameter over the region is precipitation, due to its large
degree of variability in both space and time. Two forms of precipitation are common in the region
namely, rainfall and hailstorm. The region records one of the highest hailstorm frequencies in the
whole world. The daily probability for hailstorm occurrence over the Kericho area of Kenya is for
example over 0. 7. This area happens to be one of the major tea growing areas of Kenya, and tea
is one of the major cash crops for Kenya. The destruction of crops by hailstorm is one of the
major socio-economic problems over parts of the region.
This region has a wide range characteristics of climate, including polar type at the top of
mountains in Kenya and Kilimanjaro, hot arid climate, tropical rainy forests, savanna grassland, and
semi-arid climate which cover most of Tanzania, Kenya and parts of Northern Uganda, among
others.
Temperature however becomes another important parameter over the highlands and as one
moves farther away from the equator. Humidity problems are also crucial along the coastal areas.
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floods, hot/dry spells, hot/cold spells, lightning and thunderstorms , strong winds and extreme
maritime events over the Indian Ocean and the large inland lakes.
There are large geographical and interannual variations in the extreme climate events. lt
was, for example, observed by Ogallo ( 1984) that no severe drought has ever managed to extend
over all parts of Eastern Africa. The chances of any rainfall season being drought free over all
parts of East Africa is also very low. The highest frequency of drought has been observed in the
dry parts of the region.
Thunder and iightning are common over many parts of the region "vvhich ;eceived heavy
convective precipitation. The highest frequencies are however concentrated during the major
rainfall seasons and near the large inland lakes.
The daily distribution and persistence of the dry/wet and cold/hot spells is crucial to
agricultural and many other water-use activities. The intensity and magnitude of daily precipitation
are closely associated with soil erosion and many environmental degradation processes. Wind
erosion is however common in the dry parts of the region with naked soils.
Over the highlands and during the months of July and August, temperature-re lated
problems like frost, visibility, etc. are also common.
Water resources are plenty in the region but their spatial distribution is relatively very poor.
Most of the dry areas, for example, depend largely on underground water resources and the
nearest surface water resources. Rainfall is however the major parameter which determines the
quality and quantity of the water sources at many locations. Evapotranspira tion is very crucial
over the dry parts of the region where this parameter sometimes exceeds precipitation throughout
the year.

REGIONAL SOCIO-ECONOMIC ACTIVITIES
The major socio-econom ic activities over East Africa include agriculture, natural vegetation,
water resources, forestry, fishing, minerals, major industries, diseases and population density.
There are close associations between climate/rainfal l and the spatial distribution of the natural
resources and the regional socio-econom ic activities.
Extreme interannual anomalies in the regional climate are quite common in the region.
These have been associated with many socio-econom ic miseries. lt should be noted that no
evidence has been delineated regarding any significant regional climate changes. The only
significant climate change trend has been discernible from Mt. Kilimanjaro and Kenya glaciers
(Hastenrath 1988). Changes in the diurnal temperature characteristics have also been noted at
some locations, but the physical significance of such changes including urbanization processes
have not been well investigated.
lt may therefore be assumed that most of the past , present and near future regional
climate patterns are integral component of the natural climate variability of our planet earth.
The previous generations managed to survive within such environments, including the
extreme cases by using adaption mechanisms borrowed from their ancestors. Such survival
mechanisms can only be derived from sound knowledge of the past, present and future states of
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The vulnerabi lity of the region to the extreme climate anomalies seems to increase year
available
after year. Is it due to climate change or due to inability to make maximum use of the
The
disasters?
natural
of
ent
hydrologic al and meteorolo gical data in the planning and managem
by the
last section of this paper is devoted to some of the key issues which must be addressed
the
national policymak ers, meteorolo gists, hydrologi sts and other factors in order to minimize
s of the
negative socio-eco nomic impacts of the extreme anomalies on the traditiona l condition
meteorolo gical and hydrologic al parameters.
lt is clear from the iPCC i-i 990, 1992i reports that human activities have the potential of
changing the traditiona l conditions of the local climate through water, air and land pollution,
basic
desertific ation processes, urbanization, increased need of water, energy, food and other
ental
needs by the fast increasing populatio n among many other land use activities. Environm
good
managem ent and other climate change issues must therefore be part and parcel of any
of
use
le
disaster-m anageme nt programm e in order to enable environme ntal friendly and sustainab
the earth's resources for the future of mankind.
REGIONAL PREPAREDNESS TO
ANOMAL IES AND DISASTERS

METEOROLOGICAL AND

HYDROLOGICAL

The following are some of the crucial compone nts of any good planning and managem ent
and
programm es for minimizing the negative socio-eco nomic impacts of the meteorolo gical
hydrologic al disasters.
KNOWLEDGE OF THE PAST, PRESENT AND FUTURE STATISTI CS
Informatio ns on the past and present statistics of the hydrologi cal and meteorolo gical
but are
events are not only useful in the design of the mitigation and managem ent programm es,
past,
the
also crucial in any attempt to project future expectatio ns of such events. Knowledg e of
present and future character istics cannot be derived without a good database, software, hardware
and skilled human resources.
DATA ARCHIVES
This forms the foundatio n of any planning and managem ent programm es. The data
The
required for the impacts and vulnerabil ity studies are generally multidisci plinary in nature.
tal
quality, quantity, timely accessibility and other basic data requireme nt principles are fundamen
in any disaster preparedness programme.
OBSERVATION AND MONITORING SYSTEMS
The current status of any meteorolo gical and hydrologic al systems together with the
on
associated socio-eco nomic impacts can only be evaluated and monitored with an observati
in the
system which has optimum informatio ns. The observatio n networks are relatively poor
Many
region for most of these are very expensive and have not been calibrated at national levels.
for
design
network
regional data network do not even satisfy the basic conditions for minimum
multi-purp ose uses.
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A good disaster preparedness programme would require skilled multidiscip linary group of
experts to be able to handle the complex physical and socio-econ omic impacts associated with
climate anomalies.

HARDWARE AND SOFTWARE
Data acquisition, processing and disseminati on often require good computer facilities with
good software facilities. These are not adequate in the region.

COMMUNI CATION NETWORK
For optimum use of information , communica tion facilities are crucial in order to ensure
timely reception and disseminati on of the relevant information s. Proper networking of the national,
regional and internationa l institutions is crucial for any useful data exchange and acquisition .
Telecommu nications network is poor in many parts of the region.

HARMONIZ ATION AND STANDARDIZATION OF RECORDS
Unless data sets are harmonized , standardize d, they will not be of any immediate use to
the users.

PUBLIC EDUCATION
Education of the multidiscipl inary users on the interpretati on and use of data is necessary
since some users have stressed the meteorolog ical and hydrologica l information s beyond their
physical limits resulting into long socio-econ omic advisories.
Education of the public and all actors is therefore very important.

TRANSFER OF APPROPRIATE TECHNOLOGY
Most of the technology in the region is imported. Importation of complex technology which
are not appropriate in the region has disabled f'l'iatRy planning and developme nt programme s.

EDUCATION AND TRAINING
This is required to understand the various processes and complex interactions between the
various physical and socio-econ omic processes.

EQUIPMENT MAINTENANCE
For any sustainable programme , sustainabil ity in equipment servicing, standardiza tion,
repair, etc. is crucial. These require sustainabil ity in acquisition of spare parts and existence of
qualified technicians .
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Sustainable funding is the key to any sustainable programmes.
PUBLICITY

Some policy makers and the public do not actually know the potential and roles of the
meteorological and hydrological services. An attempt must be made by the national services to
publicise their potentials.
INTEGRATION

For the success of any disaster management programme, close interaction is required
between the various actors.
POLITICAL COMMITMENT

level. This is
Political will is a must if such programmes were to work at a national
quite evident from UNCED Agenda 21, the Framework Convention on Climate Change,
Biodiversity, Drought and Desertification conventions.
CULTURE VALUES

Many of these programmes must consider the cultural values of the society. Many useful
programmes based on foreign cultures have failed due to neglect of the traditional cultures of the·
society. A good example is the introduction of a new drought-resistant crop for local consumption
in a drought prone region without taking into consideration the eating habits of the local people.

REFERENCES

Hasternrath, S.L, 1988. Climate and Circulation in the Tropics. Reidal.
IPCC 1990. Scientific Assessment of Climate Change. WHO/UNEP
IPCC 1992. Supplement Scientific Assessment of Climate Change. WMO/UNEP.
Ogallo, LA., 1984. Rainfall Climatology in East Africa. WMO TMP.1, 96-102
Ogallo, LA., 1989. Temperal and Spatial Patterns of East Africa Seasonal Rainfall Derived from
Principal Component Analysis. Inter. J. Climatal, ~. 145-169.
Ogallo, LA., 1993. Climate Dynamics of East African Climate. Proc. Indian Acad. Science.

- 25.5 -

ECONOMIC BENEFITS OF THE METEOROLOGIC ANL•
HYDROLOGIC SERVICES TO TAKE PLACE IN GENEVA-SWITZERLAND. BETWEEN
19-23 SEPTEMBER, 1994.
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TOPIC: Experien ces of the Hydrom eteorolo gical Warning Program in
Colombia .
Country: Colombia
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SUMMARY
In Colombia , from a total of $969.609 .472 pesos given fer· t:-:.e
a-:t.ent:..o n of natura::.. disas-cer -s during 1993, more than 132~~, tne
equivale nt to about US$120 :nillon; were assigned for the a-ttentL:: m
st.orma.
(flood,
emergen cies of hydrome teorolog ical kind
o~
h~~ric::aines)

The Nationa l Hanagem ent for the Attentio n and Prevent ioa of
Disaster s began during that year a process cf quantif ication of the
disaster s and it is supporti ng the design and. the impleme ntation of
a project about evaluati on of damages and needs.
In principl e, it seems that given the kind of phenome na, the search
of ·the economic benefit s must be establis hed from the point of vie-;·l
of the reductio n of human losses, property and crops and as a fina..:..
blow of a reductio n each time major of investme nt of such events,
more than the obtentio n of profits.
The improvem ent in the predicti on and warning systems . the
operatio n of an appropr iate and timely Nationa l System for the
permane nt
the
Disaste rs,
of the
Preventi on and Attentio n
in
systems
data
of
tion
compila
in
observa tion, and the investm ent
in
tools
t
importan
in
country
the
real time have been consti tued in
in
uncerta
of
n
reductio
the
in
proceedi ngs of early warning s
warnings in the human losses in timely evacuati on program s faced
with imminent threat and they are contrib uiting to define new
criteria , policies and proceed ing in matter of soil use (program s
of: crops, r~setlement and in general the ordering of the
territor y).
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ASSESSMENT OF THE CONTRIBUTION OF METEOROLOGICAL INFORMATION
IN ASSISTING THE ECONOMIC DEVELOPMENT
OF ETHIOPIA
Tsegaye Tadesse
National Meteorological Services Agency,
P.O.Box 1090, Addis Ababa, Ethiopia.

1.

ii~TRODUCTiOi\i

The contribution of meteorological services in economic development of Ethiopia
started with the establishment of a small meteorological unit in 1951 with in the then Civil
Aviation Admininstration (CAA). The main purpose of this unit had been to help aeronautical
activities. Since then, other economic sectors slowly began to realize the importance of
meteorological information for their respective activities so that requests began to flow into
this small unit (NMSA, 1988). This led to the upgrading of this Meteorological Unit to a level
of a department under the auspices of CAA in 1972 and then to an autonomous government
organization to be known as National Meteorological Sevices Agency (NMSA) in 1980. The
ever increasing demand of meteorological information in the plannining and implementation
stages of economic development influenced NMSA to build up its potential through the
assistance of the government and international organizations. Among these, World
Meteorological Organization ( WMO) played a considerable role.
Climatological data and weather forecasts guide the users (individuals
and
organizations) to make appropriate choices among alternative courses of action. In Ethiopia
many people get weather information through radio, television, & from newspapers. Radio is
particularly valuable in areas which do not get newspapers on time and television
broadcasting can not be received (Tadesse, 1993). At present weather forecasts are issued
twice in a week in 3 local languages and with these most people of the the country can be
reached. Furthermore, a number of national & international organizations are provided with
meteorological data and forecasts on daily, dekadal, monthly & seasonal basis. These
include the Agricultural and Hydrological bulletins. Moreover, using the remote sensing
techniques, mainly based on the information received from National Oceanic and
Atmospheric Administration (NOAA) satellites, general vegitation conditions in Ethiopia are
monitored. This information, which is presented in simple Normalized Difference Vegetation
Index (NDVI) form, is dessiminated to the users every dekad. Other special requests by any
individual and organizations are also entertained.
In this paper, assessment has been done to evaluate the contribution of NMSA to the
economic development of the country. Eventhough the evaluation of the economic benefit of
meteorological information is hard to quantify, an attempt has been made to convince by
demonstrating examples. In this regard, a number of organizations are considered but only
six are demonstrated to show how NMSA assists to maximize the economic benefit by
discharging its responsibility. Moreover, experts from different economic sectors who are
provided with meteorological information from NMSA are interviewed and their comments
and ideas are briefly discussed.
2. THE CONTRIBUTIONS OF METEOROLOGICAL INFORMATION IN ETHIOPIA
For the optimum use of natural resources, plant & animal resources, agriculture,
animal husbandry, hydro-electric resource, ... etc, meteorological information has a significant
role. The following are some of the examples of the application and contribution of weather
information and climatological data in Ethiopia in assisting the economic development of the
country.
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2.1 Ministry of Coffee & Tea Development, Peasant Development Project and
Implementation Department
In Ethiopia, coffee is the most important cash-crop. There is an increasing cultivation
of this crop in quality as well as quantity in southwestern, southern and eastern Ethiopia.
Meteorological information are being used in this area of interest. According to the experts of
this deparment, agricultural production depends on high quality seeds, fertile soils, and
modern techniques for planting, cultivation, and harvesting. Above all, if the weather fails at
every stage of the agricultural process, yields will decrease. Therefore, to maximize
production the Department considers the relevant climatological condition and the expected
weather.

This Department uses the meteorological information for the fo!!o\•Jing purposes:(i) to know the crop calander (plantation date, harvesting time, ... etc) and give
farmers of different regions of Ethiopia ;

advice to

(ii) based on the forecast, calculate the risk factor and advice the concerned individuals and
organizations ; and
(iii) propose the best sites for new coffee & tea plantation projects.

2.2 FAO/National Fertilizer and Inputs Unit (NFIU)
NFIU utilizes the meteorological information and data to :(i) optimize fertilizer application in parallel with the improvement of other parameters ;
(ii) analyze the evolution of various fertilizer application patterns in different physical
environments ;
(iii) know the agricultural calander ;
(iv) calculate the risk factor to occurrences of water-stress; and
(v) decide and recommend the amount and type of fertilizers to be applied.
Moreover, the agro-ecological zones which are determined by the climatological data
are used. Rainfall data are utilized to evaluate the pest incidence, efficiency of fertilizers and
the efficiency of tillage. Meteorological information is also used to decide the amount and
type of fertilizers to increase production or else not to loose the fertilizers by being washedout and burn the soil due to flooding and abscence of rain consequetively. The experts in this
project confirmed that there is an increasing demand of meteorological information for their
success.

2.3 Third Livestock development project
Livestock and livestock-products are the most important agricultural export items,
next to coffee, in Ethiopia. In time of disastorous weather like drought, all areas do not suffer
at the same time. So the meteorological information are utilized in this project to estimate the
grazing condition and availablity of water to take an appropriate action and advise the
pastoralists. According to the experts of the project, the farmers are advised to sell their
livestock before-hand if drought or defficiency of rain is expected. This assists the pastoralists
from disposal of distress sale after the occurrence of worst condition. In addition, all physical,
biological and social inputs are considered in conjunction with climatic and weather data to
maximize production.

2.4 CARE International (Ethiopia)
The meteorological reports which are received from NMSA are efficiently used to :-
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(a) ensure economic safety :
Climatic hardship implies economic hardship in Ethiopia. Thus, CARE utilizes weather
information to dessiminate crop seeds to the poor peasants and advise them what to
do. This is from the point of view of assisting sustainable development.
(b) organize emergency and relief programme :
In agricultural production, starting from land preparation, all activities are monitored
and the seasonal activities are assessed; By doing so, whenever short-fall of
production occurs, the emergency relief programme will be run by CARE.
The experts of the organization (CARE) confirmed that the meteorological
information has been used in assissting the deveiopment of production and reiief assisiance.
However, more detailled climatological reports and forecasts from NMSA are needed for a
better application.
2.5 Relief & Rehabilitation Commission (RRC), Early Warning & Planning Services
RRC utilizes the meteorological information to estimate and take an appropriate
action for the relief assisstance in areas where food shortages are likely to occur. Moreover,
areas in which hailstorm, strong wind, excessive rain and localized flooding occurred are
critically considered by RRC.
NMSA with RRC is part of the National Early Warning System (NEWS) so that it
contributes by providing necessary meteorological information to discharge its responsibility.
Some of these are collecting & processing current weather data for early warning purposes,
estimating vegetation status and rainfall by remote sensing techniques, producing map on
rainfall and crop moisture availablity, and providing long-range (seasonal) weather forecasts.
By doing so, the necessary preparedness measures are being taken to mitigate and avert the
treat of disaster. The team leader of Early Warning and Planning SeNices of RRC confirmed
that meteorological information are properly utilized in emergency, and relief programmes.
2.6 Civil Aviation Authority
The meteorological seNice in Ethiopia were established in 1951 mainly for aviation
purposes. Since air navigation is an extremely weather sensitive activity weather information
is vital to ensure the safety, regularity and efficiency of flight operations. The contribution of
meteorology in aeronautical seNices which NMSA renders is not limited to local use but also
to international fights of any airlines as per the agreements of WMO & ICAO (International
Civil Aviation Organization). In Ethiopia, meteorological information for pre-flight, in-flight
and landing purposes are provided by the Aeronautical meteorology section of NMSA to two
international airports, namely Addis Ababa & Dire Dawa. In addition, the Addis Ababa (Bole)
Meteorological Watch Office provides operational meteorological information to 11 domestic
airports ( i.e. Bahir Oar, Gonder, Mekele, Gode, Jimma, Lalibela, Axum, Gambella, & Arba
Minch including Debre Markos & Tepi ). The meteorological conditions and forecasts which
are provided to the national and international users include the terminal aerodrome weather
condition & forecast, significant weather in which the aircraft is likely to encounter in its route
and other essential meteorological parameters like temperature and wind at different heights.
Moreover, at the Addis Ababa (Bole) Meteorological Watch Office, the pilots are usually
briefed by the duty meteorologist/forecaster about the general weather conditions starting
from the point of departure to the point of arrival to choose the most economical and safest
route.

3. CONCLUSION and RECOMMENDATIO NS
Outcomes of the assessment indicate that based on meteorological information:(i) peasants are advised on the safest agricultural production options (planting date,
haNesting time, .. etc) to maximize productivity;

- 259 -

(ii) pastoralists are informed about the grazing prospects & livestock conditions so that they
can take proper action before any economic loss due to disastrous weather such as drought ;
(iii) peasants are advised about the use of fertilizers (amount, type and period of its
application) to increase agricultural production ;
(iv) food production potential are estimated and appropriate actions are taken to organize
and handle relief & rehabilitation programmes ;
(v) safe and cost-effective flight operations are facilitated ; and
(vi) sound economic development and planning towards sustainable economic growth of the
country are enhanced.
Results of the assessment show that the awareness of the benefits of meteorological
data is encouraging. With the growing awareness of the economic benefits of improved
weather information and forecasts, the demands on meteorological services are steadily
increasing in Ethiopia. However, further efforts should be made to convince decision makers
and experts from many other economic sectors to understand the importance of
meteorological information and implement it for better achievements of economic advantage
in the future.
Furthermore, to the effective use of the meteorological data, the information
requirements and decision-making problems of potential users should be considered in
issuing a forecast as well as other climatological data. Thus, in weather forecasting, the
meteorologist/forecaster needs specific user-related information to make rational decisions
regarding forecast formulation to the effective use and application of the service. Obviusly,
the use of weather forecasts can not be improved unless the meteorologists acquire userspecific information. Such information will help to formulate alternative methods as per the
users requests. Therfore, feed-back information from users are highly recommendable
inorder that services from NMSA can be improved.

ACKNOWLEDGEMENTS
I would like to thank Ato Getachew Desta (Senior Agronomist, Ministry of Coffee &
Tea Development), Jean-Aiexandre Scaglia ( Plant Neutritionist, Fertilizer use agronomist,
FAO/NFIU), Ato Betru Haile (Senior Agronomist, FAO/NFIU), Ato Kidane W/Yohannes
(Range Land Management Specialist, Third Livestock Development Project), Dr. Getachew
Diriba (CARE lnternationai-Ethiopia), Ato Teshome Erqineh (Early Warning Team Leader,
RRC), and Ato Abebe Tefera (Acting Team Leader of Operational Meteorology, NMSA) for
their whole-heartedly cooperation and useful comments & suggestions to the completion of
this paper. I am highly indebted to Ato Yohannes G/Yesus for his contribution in reviewing
the paper critically.

REFERENCES
1. National Meteorological Services Agency (NMSA), 1988: The Meteorological Services in Ethiopia; Present conditions
and Future Trends, Addis Ababa, Ethiopia.
2. Relief and Rehablitation Comission (RRC), 1994 : Tentative Guidelines for The Implementation of the National Policy
on Disaster Prevention and Management (NPDPM), Addis Ababa, Ethiopia.
3. Tadesse, T. ,1993: Shrt- & Medium-Range Weather Forecasts in Ethiopia. Paper presented at the In-House Seminar
on Meteorological Development and Related Activities, June 1993, Addis Ababa, Ethiopia.
4. World Meteorological Organization (WMO), 1969: The Role of Meteorological Services in Economic Development in
Africa. Proceedings of the ECA Seminar, 23-28 September 1968, lbadan, Nigeria.
5. World Meteorological Organization (WMO), 1990: Economic and Social Benefits of Meteorological & Hydrological
Services. Proceedings of the Technical Conference, 26-30 March 1990, Geneva, Switzerland.

-

260 -

4 Project to Assess The Economic Benefits
of
Long-Range Probabilistic Streamflow Predictions
in Reservoir System Operations
nnnttlti p

T.ttrrv F Rr::~7i1 2
T.l'tllrtnP1 -ttnti
-- ---J -- - - - -

--··-·--- ----·---

Abstract

Management decisions by reservoir operators are becoming more complex as the demands for a
limited water supply are increasing. A cooperative research project has been completed illustrating
the use of National Weather Service long-range probabilistic forecast information in reservoir
management activities and to quantifY the benefits obtained by using this information. This paper
will present the results of a project sponsored by the National Weather Service, Riverside
Technology, inc., Denver Water Department, Colorado State University, and the Bureau of
Reclamation. The National Weather Service River Forecast System (NWSRFS) and the Extended
Streamflow Prediction (ESP) component provides probabilistic stream:flow forecasts required by
reservoir operators in reservoir operations. A Dynamic Programming optimization program was
used to provide improved operating policies for the reservoir. Comparisons were made using the
historical means, historical operations, and regression model forecasts. The results show that the
use of long-range probabilistic forecast information in decision making has considerable
operational and economic benefits.
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IMPACT OF HYDRO LOGICA L PREVIS IONS ON AGRICU LTURE AND
NAVIGA TION IN MALI
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HEAD OF CIVIL ENGINE ERING DEP ARTlvJl:<,NT
NATIONAL ENGINE ERING SCHOOL P.O. BOX 242
BAMAKO
MALI
Introduc tion
Mali is a country located in the heart of West Africa, stretching between longitude l2°W and 4°
E and latitudes 10° and 25 °N. Mali spreads on an area of 1.204 000 square kilometers. It is entirely
landlocked between seven (7) countries (Senegal, Mauritania, Algeria, Niger, Burkina-Faso, Ivoiry-cost
and Guinea conakry), therefore without a seashore.
The climate is characterized by a rainy season which lasts from 4 to 5 months and a dry season
intensely hot with much sunshine and no rainfall from October to June. Mali's luck at the hydrological
level is that it is crossed by two major rivers: The Senegal river and the Niger river, both having their
sources in the Republic of Guinea. The Niger river is one ofthe biggest in Africa (total length 4200 km
with a catchment area of 1.500 000 km2). It flows over 1700 km in Mali. This river is of great
importance in the Malian economy at a double level of agriculture and navigation.
The objective of the present communication is to show the importance that the developing of
the most precious tools for management water resources have: hydrological previsions on Malian
economy in the areas of navigation and irrigated agriculture along the river Niger. it is obvious that
activities of Navigation and irrigated agriculture along river Niger depend on the hydraulicity of the
latter.
The approach used has been the comparison of the yields of irrigated agriculture and river
navigation with and without use of hydrological previsions services. The data used are those of a
riziculture operation project in the basin of river and the malian company of river navigation. The river
Niger has got a project of hydrological prevision. That is the "Hydro-Niger" project bringing together
nine (9) African sates.
The objective of the "Hydro-Niger" project is: to help the riparian countries of the Niger river
basin to better protect human lives and properties, to increase the security and the regularization of
fluvial navigation, to improve the planning and working out of agricultural programs (irrigation), to
increase the generation of hydro-electric power stations, to attenuate the catastrophic effects of
droughts, and to use the water resources of the basin. To achieve these objectives, a data processing
system of the hydrological expectations of the Niger river basin has been developed by SOGREAH
under the aegis of the world meteorological organisation. Without talking about that this system in use
since 1984 in the Niger river basin, has enabled a better management of the water resources of one the
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biggest rivers in Africa. The present communication is about the impact of this project on the
agricutural and navigation activities in Mali.
Impact of hydrological previsions on agriculture in Mali (Example of Rice Operation)
During these decades, the agriculture in Mali has suffered from an almost endemic drought
which was rife in subsaharian countries. After having seen the very risky feature of flooding agriculture,
The state opted for the modernization of this area so vital for its economy. Therefore, various
operations, such as the Segou Rice Operation in the Niger river basin, were created with a view to
enhance the value of agriculture. The zone of intervention, i.e the scope for the activity, spreads on a
rice cultivable area of 36.312 hectares in the mid. vallev_, of Ni!!er river. This area is divided into three
parts. The type of fitting-up is controlled flooding, therefore the yield is largely linked to the swelling of
the river has an incidence on the yield ( with drawal, drowing), for it warrants the relay of the rain and
feeds the seedlings up to ripening.

-

--

We can easily notice below, according to the data from the rice operation and from comparative
analysis, that in the conditions non taking in account of the service of hydrological previsions (before
1984), cultivated ares were overestimated (figure 1).
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Figure l - Evolution of areas in the rice operation of Segou
In terms of the gained yields, here below are given the calculations of the losses of opportunity
registered by the Rice Operation from the 1979/1980 campain to that of 1988/1989.

- 263 -

TABLE I

Recapitulation of the financial losses registered by the rice operation of Segou

Registered losses
Sown area
ha

Harvested area
ha

1979-1980

26653

16799

OOJ't

rn~A

l\l\...,L'"7"10

11'"lO'l'lC\'7C()

1980-1981

29921

10628

19293

26315652

3289456500

1981-1982

27383

19091

8292

11716596

1464574500

Campain

in area(ha)

in kg of rice

::1U'-U I

~0

in FCFA

~.J./JUJJ7/...JV

I

1982-1983

25927

16878

9049

10116782

1264597750
I
I
I

1983-1984

28279

21560

6719

7269958

908744750
!

!

1984-1985

2829

15509

14320

15036000

1879500000

3554880

444360000

I

1985-1986

25944

22584

3360

1986-1987

29776

20054

9722

10820586

1352573250

1987-1988

24337

12159

12178

13748962

1718620250

1988-1989

17575

15482

2092

2540295

317536875

This table shows us that because of a mere lack of reliable data on the evolution of the niger
River floods, that is the lack of a good prevision of floods, the operation registered considerable
financial losses. let us point out here that the average of the prices of the kilogramme of rice in the
different markets of the region at issue was used in the calculations. In these calculations, we can notice
that from the 1979/1980 campain to that of 1988/1989 there was a maximum loss of opportunity
registered during the 1980/1981 campain: 26.315 652 kilos of rice. This loss of opportunity amounts to
CFA 3.289 456 500 at the rate of CFA 125 a kilogram (1U$ =300 CFA). Somwhere else, a minimum
loss of opp011unity was registered in 1988/1989: 2.540 295 kilograms of rice amounting to CFA 317.
536 875. We have also to take into account the investments that were lost in agriculture areas
abandoned because of the lack of water.

-'264-

Impact ofhydrological previsions on navigation in Mali (case ofMalian Company of NavigationMCN)
The exploitation of fluvial transports is the main objective of the Malian Company of
Navigation. It connects up the sections from: Bamako to Kankan (Republic of Guinea): 385 kilometers,
Koulikoro to Gao: 1308 kilometers. It also serves the canals in the "Office du Niger" : 200 kilometers
The navigation period is in the normal time (average hydraulicity) which from mid-July to the end of
december.
According to the investigations conducted at MCN, it stands out that hydrological previsions are
important to the company, for they permitted to composedly set the starting and pause dates of the
navigation, and consequently to make the passengers confident. The starting and stopping of the
navigation following these previsions save about 15 days of navigation, thus generating extra
allowances of about 50 millions CFA.
Some cases of losses were registered because of the lack of reliable previsions. The first case
that was registered is that of the 1983/1984 campain when the boat named "Kankan Moussa" remained
in the Debo lake during low waters. The second case happened during the 1988/1989 campain, again in
the Debo lake and with the same boat. For each case, the boat was one month and 15 days late in
comparison with its normal schedule which, instead of starting on August 5, began on September 20.
The boat lost three rotations because of this delay. Each ratation makes the MCN gain 13.3 million
CFA. Therefore, on the three rotations, we registered a loss of opportunity of 40 million CFA. For these
two cases, we have a total loss of opportunity of CFA 80.000. The third case is the transport of
phosphate that was unsuccessful because of the lack of previsions in november 1989.

Conclusion
At the end of this communication, it is obvious that hydrological previsions, when taken into
account, have a positive impact on economic activities. Therefore, any project of hydrological
previsions of the resources in surface water should be first in development program of developing
countries among whom Mali is . Then it is necessary and very important that Malian and international
authorities do everything to back hydrological prevision projects (Hydro-Niger on the Niger basin,
"OMVS" on the Senegal River basin, etc ...), for these projects are of vital importance for the
development of agriculture and navigation, for big hydro-electric stations already existent and also for
those that will be built.
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1

INTRODUCTION

The benefits of meteorological information are not usually realized until application. In the
weather/climate and human health field especially, is room for the expansion of the range of
meteorological services. This will lead to national economic as well as individual benefits and will
improve the cost! benefit relation of the NMHSs.
Human biometeorology is based on the fact that atmosphere forms part of the environment to which the
human organism is perpetually forced to come to terms with to remain in good health, for the wellbeing and performance. There are three focal points: the complex conditions of heat exchange, the
radiative conditions, esp. in the visible and UV-range, and potentially harmful components in ambient
air of anthropogenic or natural origin. Possible services are based on the specific adaption, i.e.
upgrading of synoptical and climatological products to meet the needs of the users. Some selected
examples of the services provided by the small human biometeorological branch of the Deutscher
Wetterdienst are presented below.
2
2.1
2.1.1

PRODUCTS
Products in the short term field {weather)
Medical-Meteorological Information Service

Many epidemiological studies have been made on the impact which extreme conditions
(heat, cold, air pollution) have on morbidity and mortality. Some hundreds of studies show statistical
relationships between weather events and medical data, e.g. on respiratory diseases, cardio-vascular
diseases, spastic disease forms, subjective impairments in well-being, and also traffic and work
accidents. The results produce a very coherent picture of biotropy. Biotropy is an additional stress to
which the organism is forced to react in order to remain in good health.
The Deutscher Wetterdienst delivers physician-oriented forecasts with significant information on health
effects due to increased weather stress. This service can be applied e.g.:
to minimize the risk of complication during anaesthesia, postoperative embolism and
postoperative haemorrhage
within physical therapy and rehabilitation including climatotherapy (e.g. adaptation of the
therapeutic training programme of patients with cardiac diseases in order to avoid incidents).
Since the end of the eighties a Medical-Meteorological Advisory Service for the public has been
initiated. To avoid negative, e.g. suggestive effects, which could lead to a scaring of the population,
connected with a development of hypochondric phobias (morbid dread) and the "breed of
meteoropaths", an interdisciplinary working group of physicans and meteorologists has formulated a
catalogue of standardized texts.

1 WMO-CCl Rapporteur on Climate and Human Health
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stable physician-patient reference is particularly emphasized. The individual learns
to recognize weather-related health problems (soothing-effect)
to take the weather situation into account when planning unaccustomed physical strain
(avoidance of overstrain)
to adapt medication and cure measures according to prior agreement with the family doctor
(cardiac patients, persons suffering from pain, etc.).
Since 1994 this service has been expanded by information on heat load or cold stress, respectively,
applying a complete heat budget model of the human being on the output of the numerical weather
forecast model.
The primary goal of this Med.-Met. Advisory Service is to allow people to gain an understanding of
weather-related reduction in physical abilities and complaints, which can lessen or eliminate the
perceived threat associated with and the resulting fear produced by these weather-related problems
(promotion of a soothing effect). The advisory service is distributed via the telecom information service,
TV, radio and newspapers.
2.1.2

Pollen Information Service

During the pollen season people can inform themselves about the pollen situation. lt can
be assumed that about 12% of the population suffers from Pollinosis.
There is a network of pollen samples throughout Germany, run by the Pollen Information Service
Foundation. The pollen data collected are passed on to the Deutscher Wetterdienst and linked up with
the knowledge of weather-dependent diffusion conditions (esp. wind, precipitation). The forecasts help
to minimize the consumption of medicine
to diminish lost work hours by proper prophylaxis.
The distribution of this service is as above.
2.1.3

UV Information Service

The UV-B (280 - 315 nm) has the most important effect on the organism of the
biosphere. Besides the solar elevation, the ozone optical thickness is due to variations in UV-B
radiation.
The favourable effects on human beings are the synthesis of vitamin o , indirect suntanning, and
3
epidermal hyperplasia. But the adverse effects predominate: There are acute effects: sunburn and
immunosuppression and chronic effects: photoaging of human skin and skin cancer. The skin cancer
incidence has risen in the last decades faster than nearly any other cancer and causes the
dermatologists considerable problems. Besides the utmost concern for the individual, skin cancer is
related to high economic costs in health services.
For this reason the Deutscher Wetterdienst initiated in July 1994 the "UV-Index". The objectives are to
increase the public awareness of variations in UV radiation, and to contribute to an altered·attitude of
the individual to sun exposure. The baseline of the service is a forecast of total ozone and its
distribution with height. In regression models for the twelve months the mid-day ozone measurements
of the TOVS-satellite are related to the results of the numerical meteorological forecasts of the
Deutscher Wetterdienst for 24 hours in six layers between 700 and 50 hPa. The prediction error is less
than 5 %. The spectral UV radiation reaching the ground is computed at 80 points of grid over Germany
using a radiation transport model for the case of a cloud free atmosphere. The aerosol scattering and
absorption is that of a light aerosol loading, the ground albedo is constant with that of green farmland.
The UV spectra are weighted w~h the CIE action spectrum for erythema in human skin. This biological
effective UV irradiance (mW m- ) is divided by the constant 25 to compute the UV-Index according to
the Canadian procedure. The values of the forecasted UV-Index are related to the forecasted conditions
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broadcast, and other media and includes messages of a sun smart life style e.g., use UV protecting
sunscreen, avoid the mid-day sun, seek a shady spot, wear UV rated sun glasses, clothes and hat
under the sun.

2.2.

PRODUCTS IN THE LONG TERM FIELD (CLIMATE}

2.2.1

Bioclimate in urban and regional planning

Urban climate represents an expressive example of a man-made climate change that is
susceptible, and therefore has to be considered early on in urban planning. The object of urban
development is the maintenance or even the improvement of the climatic conditions directed to a
heaiihy environment.
In particular the following features are of interest:
What kind of urban structures tend to be bioclimatologically stressful?
How can development plans be optimized?
What arguments can be deduced for laying down development regulations?
Which districts are appropriate for new development?
Which areas are given priority?
The model UBIKLIM (!!rbanes Bioklimamodell} was developed to provide the answers to these
questions. lt enables a bioclimatological assessment of climate information. The following input data are
required to run the model:
the digital height with a resolution of 10 m
data of land use resp. urban structure (given by building height, building density, pavement,
trees, etc.).
UBIKLIM calculates the fields of air temperature, humidity, wind velocity, and short- and long-wave
radiation fluxes in the urban canopy layer on a summer day with fair weather conditions. These
meteorological fields determine the heat exchange conditions of the human being and thus can be
analyzed with the help of the Klima-Michel-model in physiologically significant terms.
The result is a bioclimate map on a scale of 1:25 000, resp. 1:10.000, appropriate for climate- related
planning in urban environments.

2.2.2

Air hygiene and pollution control

Besides national standards for air quality, in Germany special air quality regulations
exist for health resorts. The goal is to prevent not only adverse effects on human health but to provide
sufficient air quality for medical treatment and recovery. For this task special methods for air pollution
monitoring have been developed by the Deutscher Wetterdienst. Integrated sampling methods have
been proved to be an appropriate technique and are in practical operation in German health resorts.
These methods are characterized by their low cost and easy use. Samples can be sent to a central
laboratory for analysis by mail. lt is only here that analytical equipment and technical staff have to be
provided.
Further application for integrated methods was found in air pollution monitoring by the Deutscher
Wetterdienst in an epidemiological study to measure the indoor and outdoor concentration of nitrogen
dioxide (N02 ) and suspended particulate matter. For 2 1/2 years these air pollutants were measured
in a dense network of 30 sites in the city of Freiburg and its surrounding areas. Integrated sampling
was chosen due to the high acceptance of the small and noiseless devices even in private residences.
lt was found out that indoor N0 2 concentration on average amounts to only 55% of the mean outdoor
level. In kitchens with gas cookmg, however, the No2 mean even exceeds the national ambient air
standard of 80 J..LQ/m 3. The data of suspended part1culate matter exhibited rather effective indoor
sources too. Between 3 and 10 J..Lm particle diameter indoor particle concentration ranged above the
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The successful application of the integrated sampling technique gave rise to an air quality study in the
city of San Miguel de Tucuman, NW-Argentina. As a typical example of rapidly growing cities in the
developing countries, this city suffers both from industrial emissions and high traffic exhausts especially
from diesel-powered buses and trucks.

A two year measuring campaign at four sites in Tucuman and two background stations at the mountain
ridge of the Sierra de San Javier revealed a high natural dust load, probably due to high wind erosion
of deforested soil. Considerable air quality problems are indicated by enhanced black carbon levels
originating from car traffic. Biomass and waste burning was also found to be an important source for
hi..,,..(, ,....,rhnn ..,,.r+;,..,_,.,. n .. ,;..,,.. +n +ho '"'"" ,.,f ro<>irlonti<:>l ha<:>tinn tha 1\1("\
1•""2-""nnantr<:~tinne> raflof"t
exclusively the high impact of traffic emissions. These emissions are more or less constant in the
annual course. The annual cycle which still appears can be explained by the accumulation of air
pollutants in winter months due to restricted diffusion conditions.
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CONCLUSION

The selected examples have made it clear that human biometeorology posseses
numerous tools to meet the needs of the users. The general aim is always to avoid or at least to
diminish unfavourable effects, to take advantage of welfare effects, and to improve the quality of life of
the general public. Thus the services presented for increasing wellbeing are those that can be
expected from the activities of NMHSs.
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Role of Hydrologic al Forecastin g in Deriving Optimum
Economic Benefits
from River Flows,
Some case studies
A.C.

Tyagi and S.K. Chaudhury
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SUMMARY
Hydrologic al

Central

Yater

observatio ns

Ccmmissicr.

and

in

the

India are carried out

State

Water

by

Resources

Departmen ts.
While the state hydrologic al services are
confined
to
collection of hydrologic al data for the purpose
of
planning
water
resources projects, the hydrologic al services provided
by
Central
Water Commission , in additon to
data base for
planning
purpose
also provide short-term forecasts for various
purposes.
These
forecasts
can b-e broadly categorize d as i)
Lean
season
flow
forecasts, iil
Inflow forecasts to reservoirs
and
iii)
Flood Level Forecasts.
The
present
paper
analyses the
role
of
these
hydrologic al
forecast services.
The economic benefits
accruing
from hydrologic al forecasts have been attempted to be
quantified
in
the present paper.
A discussion has also been
presented
on
the
intangible
benefits
of
these
forecasts
which
have
far
reaching effects on the economic activities .
The
first case study deals with the lean
season
flow
forecasts for river Yamuna which
serves as a source of Raw Water
supply for the city of Delhi for drinking purposes.
However. due
to
inadequate
flows in the river during the
lean
period
from
November to June. large ammount of water is diverted from adjoining
basins. Economics of this lean season flow forecast, on
the
basis
of which the ammount of balance water required to
be
diverted
for which the Delhi Water Supply Undertakin g {
the
user
agency I bears the cost, has been analysed.
The
second
case study is of Hirak~d,
a
multipurpo se
reservoir across river Mahanadi.
The release from Hirakud reservoir
are to be regulalted in such a way that the
maximum
flood
discharges
in the river downstream at the head of
the
Mahanadi
Delta
does
not exceed about 28,300 cumec.
The
Mahanadi
Delta
once inundated, takes long time for flood waters to recede.
The
maximum
discharges
at the delta head have to be
controlled
by
restricting the reservoir releases based on the inflow
forecasts
for
the
Hirakud
reservoir
keeping
in
view
an
uncontroll ed
catchment
of
49,200
sq km lying downstream of
the
dam
which
contribute s
substantia lly
to
the
maximum
flood.
The
paper
presents the economic evaluation of the inflow forecasts and
tha
need for establishin g the flood forecastin g service to cover
the
uncontroll ed catchment in the downstream .
The
last
case study concerns
Damodar
river
system,
which
has
been
developed in line
with
a
comprehens ive
plan
prepared
by Mr. W.L.Voordu in of the T.V.A. and now provides
for
irrigation ,
power
generation , conservati on of
water
for
lean
season
utilisatio n including those for industrial
and
domestic
us~ and flood controlin th~ lower valley.
The storages
created
uptill
now
is
limited
because
of
topographi cal
and
c~her
considerat ions.
A hydrometeorclc~ical ne~wnr~ ~f
~~
at~t1ons

-
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is
forecasting
independent communication system for
alongwith
moderating
being utilised to ensure maximum possible storage and
the
floods to the maximum without· compromising with
peak
the
of
safety of the structure thus optimising the benefits from use
the
in
water. jModeration of the flood peaks reduces inundation
densely
and
is agriculturally developed
valley which
lower
The back up
minimise th~ damages due to floods.
to
populated
services also
forecasting
hydrometeorolqgical and
support of
to be
monsoon water
last\ few spells of
enables storage of
profitably conserved, the economic benefits of which are enormous
in the particular area.
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Abstract
Greenhouse effect expected to be caused by the changes in the
atmosphere,
concentration of CO and other trace gases in the
2

would continue to play a dominant role in determining the changes
in the climate over the next few decades. This will have effect on
global mean temperature and oA all climate variables at smaller
regional scales. For direct assessment of impacts and realistic
evaluation of the climate sensitivenes s of water resource systems,
regional details of future changes are needed for a variety of
climate variables. At present, the understanding for predicting
these details is limited and one has to resort to the use of
hypothetical scenarios.
One area where climatic impacts have attracted much interest
in the recent years is reservoir storage systems. Hydrologists are
and
timing
regional impacts on
specifically interested in
magnitude of evapotransp iration, soil moisture ~nd runoff and on
The inform~tion on
redistributio n.
their spatial and temporal
and
its components
hydrological cycle,
expected changes in
regional water availability is greatly needed for understandin g
their impact on water resources development and management, so
·that plans could be made in good time and preparations made to
meet the changes in streamflow regime.
Other area which is also important is the effect of climate
change on individual sectors of human activity and society
important problem in agricultural
specially on agriculture. An
is not only
production in the future, along with global change,
total production but also year to year fluctuations due to varying
natural and socio-econom ic conditions. Agricultural production is
particularly vulnerable to climate change in those areas which
high relative
high water use ratio and a
currently have a
In regions like India having
rainfall.
variability of annual
seasonal nature of monsoon climate, where the rainfall occurs
during the growing season of the Kharif crop season and limited

-
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water storage faciliti es exist, and about 80% of the populati on
depend on agricul ture for their liveliho od, any change in climate
and its variatio n in space and time would have serious effect on
food producti on_
Present study is focussed upori these two areas for an Indian
likely
indicate s
Study
Indta_
central
basin located in
conseque nces of effect of climate change on water resource s and
food producti ons_ Such results are however . derived from an
uncertai n factual base, to judge the need for actions without
giving the impress ion that future climate can be specifie d
accurate ly. The warm world estimate must be thought of as a
working hypothe sis and not as a predicti on_

-
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ANALYSIS OF ECONOMIC BENEFITS OF SHORT TERM.
MEDIUM TERM AND LONG TERM FORECASTS
A.A.LYAKHOV
HYDROMETEOROLOGICAL CENTRE OF RUSSIAN FEDERATION
ABSTRACT
Hydrometeorological Centre of Russia prepare and spread
short term hydrological and meteorological forecasts for
Moscow and Moscow region and medium and long term forecasts
for territory of Russia.
According to the
forecasts (up to 24
application to works
or postponed for some

end users information the short · term
hours) provide economic benefits from
which can be stoped/started quickly
hours.

This type of forecasts is very popular among building
companies. As a rule they prefer services including weather
forecasts for current day in the early morning. forecasts for
following day in the middle of the current day and warning
1 - 3 hours before start/stop of precipitation or strong wind.
These services let them to carry out works qualitatively
pressure and
humidity,
(taking into account temperature.
precipitation) and safely (taking into account wind and
preeipitation).
The Moscow town services are very interested in
temperature and falling of snow forecasts in winter. Size of

-
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the Moscow town determine the economic benefits of forecasts.
Up to 50 millions roubles may be economy of money only in
one case of fast change of temperature when the town services
are warned 24 hours before and necessary measures are carried
out in good time. And when accidents with heat supply systems
take place the negative effect of weather may be some hundred
millions roubles.
If warning about falls of snow spread in time (6 hours
before or more) lorries for carrying of snow and special
lifting machinery may be prepared in time and town may be
cleaned up quickly.
444 car accidents took place in Moscow in 24 October 1993
due to heavy fall of snow. Warning about above snowfall was
spreaded in less than 1 hour.
But it is difficult to estimate exact short term
forecasts benefit due to the absence of direct contact with
end users because these forecasts through mass media are
accessible for them every 10 - 15 minutes and therefore they
do not apply to Hydrometeorological Centre. As to mass media.
using of short term forecasts raise their rating and so
derive economic benefits from their application.

they

Analysis of economic benefits from application of medium
term (from 2 to 6 days)
and long term ( up to 1 month)
forecasts to agriculture. energy production. land transport.
building and construction shows that the longer forecasts the
greater benefits may be obtained. But the longer forecasts the
lower their accuracy and the greater risk of economic losses.
As a result users have to waste money for insurance and so
economic benefits are getting lower. Practically consumers use
long term forecasts on condition that they would be
accompanied by medium term.
On the base of long term and medium term forecasts during
the spring 1994 flood necessary measures were carried out in
good time in town Penza and economic benefit from application

- 280 -

of forecasts was about 20 milliard roubles.
Economic benefit from application of long term and medium
term forecasts to planing of energy production on the
water-power station during the spring 1994 flood on river
Tuloma (Kolsky peninsula) was 840 millions roubles.
According to the customers information the most
significant economic benefits they derive from application of
medium term forecasts.
Economic benefit from application of medium term
forecast of temperature falling down to -30 ... -35 c after
the long period of warm weather in region of Verhnia Volga in
February 1994 was 80 millions roubles due to measures averted
an accidents on heat supply tubes.
Negative economic effect from fast falling of temperature
down to -65 ... -58 c in 19 December 1993 in Yakutia was
2 milliards roubles due to accidents with electrical and
heat supply systems. The forecast of above falling of
temperature was spreaded in less than 36 hours.
Economic benefit from application to agriculture of cold
wave medium term forecasts in November 1993 in Stavropolsky
Kray was about 9 milliards roubles and in Dagestan was
1 milliard roubles due to measures averted losses of yield.
Economic benefit from application to agriculture and land
transport of precipitation up to 80 mm medium term forecast in
1993 in Primorsky Kray was about 3 milliards roubles due to
measures averted death of cattle and ruin of machinary.
According to the customers information benefits obtained
from application of long term forecasts exceeding 1 month
without following specification by medium ones are just the
same as of climatic data.
At any time more significant benefits customers derive
from application of forecasts contained probability of
attainment of weather conditions to be important for them.

- 281 MANAGEMENT THROUGH STOCHASTIC
RESOURCE
WATER
NG
OPTIMIZI
PREDICTION FOR SMALLER AREAS
U.S. DE AND N.C. BISWAS
Meteoro logical Office, Pune
INDIA
INTRODUCTION
In recent years increasi ng attentio n has been paid
meteoro logical
of
impact
economic
the
assess
to
nding and
understa
correct
A
informa tion and advice.
and
logical
meteoro
iate
appropr
the
of
applicat ion
le
availab
the
s
optimise
tion
informa
climato logical
the
in
choice
best
the
make
resource s and allows us to
given situatio n. In this paper the authors discuss the
harnessi ng of rainfall with a view to using it to promote
agricult ural producti on and to generate hydroel ectric
power.
are involved in conside ring the
Many factors
availab ility of water viz. Rainfal l, Run off, Evapora tion
Yet rainfall appears to be an useful and simple
etc.
index of water availab ility. The Indian subcont inent in
general receives the bulk of its annual precipi tation
during the southwe st monsoon where intrasea sonal and
interann ual variabi lity in the rainfal l are well known.
During the last hundred years some of the years of good
monsoon are 1874, 1878, 1892, 1894, 1917, 1933, 1956 1
1961, 1975, 1983 and 1988. On the other hand the years of
drought are 1817, 1899, 1901, 1905, 1911, 1918, 1920,
1941, 1951, 1965, 1966, 1972, 1979, 1982 and 1987.
2.

DATA AND METHODOLOGY

The authors have examined the data of ·. monthly
rainfall for 35 meteoro logical sub-div isions for a period
of 30 years. The progress of monsoon rainfal l during the
first two months are crucial in determin ing the total
Investig ation by Pillai and De
rainfall of the season.
(1993) has shown that the cumulat ive area weighted
rainfall for the first two months gives a typical
signatur e during the drought years in that, the departu re
is usually more than -10% to -15% by the end of July.
earlier
the
extended
has
study
present
The
viz.
areas
smaller
to
it
investig ation by applying
monthly
the
From
ion.
subdivis
individu al meteoro logical
rainfall data followin g paramet ers were obtained for each
of the thirty five subdivis ions.
i)
ii)
iii)
iv)

Number of years when the seasona l rainfall
deficien t
Number of years when the mid season ( 1 June July) rainfall was deficien t
Number of years when the mid season deficien cy
made up during the later half of the season
Number of years when the mid season rainfall
excess or normal but deficien cy appeared during
later half of the season.

was
31
was
was
the

- 282 On the basis of this, following probabilities were
computed :
1) Probability of seasonal rainfall being deficient (PI}
Probability of mid seasonal rainfall being deficient
2}
(P2}
season rainfall
3} Probability of recovery of mid
deficiency being made up during the later part of the
season (P3)
rainfall
seasonal
in
deficiency
of
4} Probabili t.y
appearing in later part of the season (P4}
Table I shows
each subdivision.
Further,
follows :

these

Range of probability
less than 20%
20-39%
40% or more
3

the . distribution
probabilities

of

were

probability in
classified

as

Term used
Rare
Moderate
Frequent

DISCUSSION

The frequency of occurrence of the various events
listed above and the probabilities Pl to P3 show large
spatial variation as is expected because of the climatic
Figure 1,2,3 and 4
heteroginity of the sub-continent.
shows how these probabilities are spatially distributed.
Some of the salient features of these distributions are
discussed below.
The areas with moderate values of Pl are located
over Central India and Plains of North India 1 Northwest
India. The highest values of Pl occur over West Rajasthan
and Hills of West u.P.
The areas where P2 is moderate or frequent are
situated in small pockets in Northeast India and Eastern
tndia and in most parts of Central India, Northwest India,
North Indian Plains and Interior of Peninsula on Eastern
The interior parts of Peninsula
side of Western Ghats.
also shows moderate values of P3, indicating that failure
of monsoon in these parts of the sub-continent is likely
during the later half of the season.
4.

CONCLUSIONS

The study brings out clearly that the probability of
*
occurrence of deficiency in seasonal rainfall ( Pl) is
least in most parts of NE and Peninsular India and that is
moderate in the remaining parts of the sub-continent
except that in hills of west u.P. and west Rajasthan where
it is frequent. The probability of the occurrence of the
partial failure of monsoon rainfall (P2) is frequent in
about 8 subdivisions of North india. Surprisingly, in NW
India, where monsoon rainfall probabilities are highly
variable, the partial failure of mid-season rainfall is
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The probabilit y of the recovery of the
not frequent.
partial failure of the mid-season rainfall at a later
period ( P3) is mainly high to very high in NE India and
south Peninsula and is low in NW India and Gujarat and
The probabilit y of
parts of north peninsular India.
rainfall due to
seasonal
of
deficiency
occurrence of
(P4) is found
rainfall
mid-seasqn
post
of
failure
partial
four lie
which
of
ns
subdivisio
eight
over
frequent
to be
each in
one
and
India
NW
in
two
India,
Peninsular
in the
NE and Central India.

*

In majority of the subdivisio ns 1 where the partial
failure of pre-mid season rainfall recovered later, the
rainfall of August appears to be crucial.

*

Probabilit y of occurrence of deficiency in season's
rainfall .due to partial failure of post mid-season
rainfall (P4) appears to be frequent in Assam and
Meghalaya, SHWB & Sikkim and Orissa in NE India, East
M.P. in Central India, Punjab & West Rajas than in NW
India, Madhya Maharasht ra, Rayalaseem a, Coastal and NIK in
Peninsular India and In A&N Islands. It occurs rarely in
NMM&T, Gangetic West Bengal, east U.P., west M.P., Gujarat
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Study on Meteorological Modernization Benefit Evaluating ( MMBE)
Method and Application
Zhang Tairen
Institute of Strategic Development
Chinese Meteorological Administration , Beijing 100081
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In recent fifteen years, with the support of the state and the government at
different levels, the meteorological modernization construction of Chinese Meteorological
Administration has made outstanding benefit . How to evaluate the benefit is a
problem remaining to be studied.
and the form of expression of the
characteristics
basic
In the paper, the
benefit has been analysed and induced , the basic
Chinese meteorological modernization
thinking and method of the meteorological modernization benefit has been put forward . We
modernization benefit and
meteorological
the
have set up the evaluating system of
researched the basic method of the MMBE . Some initial results of analysing and
evaluating of the meteorological modernization in the short-term weather forecast have been
obtained .·
1. The Evaluating Index Regime of the Meteorological Modernization
The establishment of setting up the evaluating index regime is the key to evaluate
evaluating index regime takes
benefit . · The
modernization
meteorological
forecast , meteorological communication , climatological
atmospheric exploration· , weather
data analysis and meteorological service as the evaluating objects , and based on their
four levels , i.e. objd level,
into
is divided
interrelations , the system
subobjd level ., influence level and index level .
2. The MMBE method
Because the meteorological modernization benefit is potential, indirect and difficult
to be calculated , devectly the tradition alanalysis method of cost/benefit is no
meteorological
of
characteristics
for MMBE . According to the
longer suitable
benefit, we think that the APFP( Annalytic hierachy process ,
modernization
Pattern recognition ) is a more
Principal component analysis , Fuzzle analysis ,
effective evaluating method.
--. The fundamental principle of APFP method
of operations
Based on the Analytic Hierachy Process method (named AHP method)
research assessment methods, the author has designed the different index regime -- APFP
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method. The Principal Component Analysis method of mathematic statistics has been used to
optimum the old index regime , then we use the AHP method to get the weighting
factor
ofeach index , thus the influence of
subjective . and ob~ctive
deviations
has
beencancelled . In each index , the benefits analysis and expert evaluation method of
economy analysis have been u.Sed to get the value of each index .
In order to
quantize
the qualitative index and
cancell the subjective deviation , fuzzy analysis
method and pattern recognition method have been used . By calculating the weighted
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--.The characteristics of APFP method
ob~ctive index,
the APFP method can get
. By using the subjective and
an objective quantized assessment conclusion.
. By optimuming the index regime , the working cost of assessment is reduced and the
practicality is increased .
evaluation of
. It's universial and can be used in various kinds of benefits
meteorological modernization by modifying the index.
. The use of AHP method in index weight calculation can increase the accuracy and avoid
the error causued by assigning a value to the index directly. ·
The because of the subjective deviation using of the expert's opinion on qualitative
index can be avoided.
. The research tabel is easy and the assessment process can be finished by
computer. It's very suitable for MMBE .
3. Application analysation with the APFP method
We only take the short- term weather prediction as an example. The procedure
is as following:
Applying the APFP method then the benefit of meteorological
modernization in the short- term weather predication operation can be analysed and evaluated .
--Basic procedure
. By applying the idea of Analytic Hierachy Process , the evaluation index system is
established . The benefit in the
short-term weather predication , which is created by
meteorological modernization . ,
is
a complex system made up by
many
mutual dependent ·and restrict factors . At first , we
should set several· hierarchy to
consider and analysis problems or factors ,
and then establish evaluation index
system according to mutual relationship. The thinking of the application
of Principal
Component Analysis optimumed the index regime . In order to include all selected indexs
and to avoid the overlap each other
,
according to the results of the
experts' investigation ,
we have adopted the analysis
method of the principal
component ,
simplified the original index system , and made a series of the satistical
analyses and verifications , then we have decreased 16 item indexs of the original
influencce level to 5 item indexs , which are simplified and reformmed (Table 1) .
. Calculating the weight of each level index . We designed the weight consulting
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investigation. table, consulted some experts , grouped the data and process it with
Pattern Recognition , built up the new j.Idgement matrix , at last we calculated each
hierarch index's weight, the calculated weight is shown as Table 1.
. Comprehensive evaluation. Adopting the Fuzzle Aanalysis evaluated for the real returned
result and sort the index in each level from good to bad, we can divide the data into several
standard groups , define ·the evaluation degree and create · the investigation table
for group evaluation. After achieving evaluated value of each basic index , relying on
.. - ---o
the experts' evaluated value * re- use the Pattern Recognition method, filter the wronu
we can calculate the average of each index . Finally, We get the sum of
advices
APFP evaluation method· by use of weight . The formula is as follows:
n
Z

=

~

Wj.Aj
j= 1

Z means the comprehensive efficience result created by meteorological modernization in the
short-term weather predication.
n means index number .
Wj means the weight of contribution to the weather predication operations.
The contribution is made by the jth item of meteorological modernization (also
refer to each indexs in effect level of index system). Weight reflects each index's contribution
degree to short-term weather predication in effect level.
Aj means the evaluted score to each index in index level
--Result Analysation
From a series of calculation mentioned above , we can obtain the benefit got by
The
operations .
predication
meteorological modernization in short- term weather
and calculated benefit is 86. 8%
final evaluated
4. The .conclusion
• In this paper, The author has taken the short-term synoptic forcast as an example, and
by using APFP method, evaluated the benenits of meteorological modernization in short:The results show that the method is very scientific and feasible.
term synoptic forecast.
• By using APFP method, we can evaluate the benefits of meteorological modernization
meteorological system , and it also can be used in every province ,
in the national
method in
every city and every county. Therefore , APFP method is an efficient
evaluating the benefits of meteorological modernization . It can be not only applied to
be applied to the benefits evaluation which is
meteorological department , but also can
difficult to measure in other items or other departments.
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Table 1 The Calculating result of index weight
Weight

0.2

0.2

Conlribution
of the
modernized
atomosperic
probing
system

Conlribution
of the
mordernized
meteorological
communication
system

Weight

Index

0.1
0.15

Importance
Timeliness

0.15

Accuracy

0.15
0.15

Praticability
Improvement on operation quality
Reducing labour intensity

0.15

Economy

0.1

Importance

0.1

Economy

0.15

Timeliness

0.15

Accuracy

0.1

Praticaility
Amount of information

0.15

0.15
0.15

Improvement on operation quality
Reducing labour intensity

0.1
0.1

0.2

Conlribution
of the
computer
network
system

0.15

Importance
Utilization of resource

0.1

Friendship

0.15
0.1

Technological advance
Proliferation of technology

0.1

Leadership

0.1

Share

0.1

Amount of information
Improvement on labour's quality

0.1
0.15

0.2

Conlribution
of. the
numerical
predication
system

Guidance on forecast
Utilization of resouce

0.15
0,.15
0.1

Improvement on operation quality
Technological advance

0.1

Economy

0.1

Proliferation of technology

0.1

Leadership

0.15

Practicability
Utilization of resource

0.15

0.2

----------~·~

Conlribution
of the
modernized
forecast
tools and
method
------

-

0.1
0.1

Importance
Economy

0.15

Practicability

0.15

Guidance on forecast
Reducing labour intensity

0.1
0.12
0.13
---

Leadership
Improvement on labour's quality
--

--

'
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METEOROLOGICAL
"MARINE
BENEFITS .. "

SERVICES

IN

FUNCTION

OF

ECONOMIC

Mario Carnesoltas
Lazara Diaz
Institute de Meteorologia
Republica de Cuba
as in any other
Meteorological activities in Cuba,
that new
challenges
the
from
exempt
not
are
country,
developing
arisen.
for information have
technology and · new demands
Therefore, the Meteorological Service should play an important
role in the development and promotion of its services, following
in a practical way that have been already stated by WMO.
The department of Marine meteorology was developed within
the Cuban
head of
of Meteorology,
Cuban Institute
the
of
has the task
This department
Meteorological Service.
long
to
fulfilling the growing needs for marine transportation
fishing activities at high seas as well as in the
distances,
long and
island platform and other activities generated around a
C:uba.
like
keys,
thousand
a
nearly
narrow island with
Among the services offered by this department are:
advisories on weather systems that
optimum ship weather routing,
are dangerous for navigation and coastal interests, as well as
specialized or
transportation of
for the
recommendations
dangerous cargo.
The present work intends to make, with the aid of a few
examples, a contribution toward a better comprehension of the
economic benefits that a meteorological service could got when
the resources at its disposal are properly organized and used.

Optimum Ship Weather Routing Service.
An optimum ship routing service is offered by the
department of Marine Meteorology since 1987, when a Joint
Resolution between the Cuban Ministry of Transport and the Cuban
Academy of Sciences was signed.
over the world
Only few countries all
long
do it,
because to
specialized service,
reliable
organization,
specialists, an appropriate

offer this
experienced
inter-ocean
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telecommunic ations, and financial support are needed.
794
to
already done
been
has
service
Routing
voyages/ship s and other 739 voyages/ship s have been provided with
meteorologic al information during the last seven years.
Savings up to 4934 hours have been obtained en route,
which represents a saving of 4488 tons of fuel oil and 577 tons
of diesel oil, as well as $996 000 Cuban Pesos of total savings
by shipping and fishing companies, have been reported.
mentioned above saving indicators were obtained
As
through an analysis of each voyage/ship, in which the actual
velocity of the vessel was calculated, according to its speed in
as well as swells,
calm and the angle of wind and waves,
course.
its
in
vessel
the
by
encountered
This work was done in close coordination with shipping
and fishing companies, and this fact permitted the training of
officers on board and the recruiting of ships for making
volunteer weather observations at sea.

Citric Transportatio n in un-refrigera ted ships.
Production and export of citric represent an important
economic item for Cuba. Still, earnings are greatly influence by
the long distance of a North Atlantic crossing and its cost for
transportatio n, the exigencies for this kind of cargo and the
volumes to be transported.
Refrigerated ships are used in the transportatio n of
fresh fruits, but then the possibility of fruit storage by forced
ventilation was analyzed, routing the ship through a track with
temperatures very near to those actually observed, with greater
security for the cargo and a more rapid transportatio n.
The task was done by a group of specialists in marine
meteorology as part of a project of the Ministry of Transport.
Between December 1979 and April 1980 four experimental
shipments, around 500 tons each, were made in Ro-Ro type ships
belonging to the former USSR fleet with routes between the ports
of Havana and Leningrad.
These routes were chosen so that there were at first a
fast latitudinal movement of the vessel to get the required air
sistematic
were
possible. There
when
temperature values
vessels.
the
aboard
variables
al
measurements of main meteorologic
type of
this
of
possibility
the
results confirmed
The
in a
were
losses
the
expected,
Still, as was
transportatio n.
ships.
refrigerated
of
small amount greater than those
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After this experimental work a "methodology for Shipment"
was issued, followed a little later by the "Rules for the
Transportation of Citric" using this system.

Sea Surface Temperature Forecast in the Atlantic Ocean during the
Tuna Fishing Season.
The Tuna fishing, and also fishing activities of similar
species, are made by the Cuban Tuna Fishing Fleet (Flota Atunera
de Cuba) based on sea surface temperature between 26.5 C and
27.5 C. Temperature was directly measured from a ship, that made
several tracks along the fishing zone at the expense of consuming
more fuel and time.
The department of Marine Meteorology makes daily charts
of Sea Surface Temperature (SST). The Cuban Tuna Fishing Fleet
asked for a SST forecast for the fishing zone. To ensure its tuna
fishing activities, a statistical forecasting procedure was
developed for SST and an algorithm for the calculation of the
currents. Once solved the aspect of telecommunication with the
fleet, the service was given out beginning in the fishing season
1988 - 1989.
However, the values calculated for the currents were not
always in full agreement to those actually observed. Yet, there
was a clear increase in the volume of tuna fish captured, with an
average of 220 tons, and that fully justifies the expenditures
made by the service on this item.

Coastal Flood Prediction.
Early advice made by the Meteorological Service in view
of a dangerous meteorological event is the main action for taking
adequate measures to protect human lives and diminish the
destructive effects of dangerous meteorological phenomena, in
direct interaction with the Civil Defense and the population
through the media, so that everybody knows what is predicted to
occur. One of these dangerous events for Cuba is coastal
flooding.
An extratropical low moved through Southeastern United
Stated from March 1 to 4, 1994. Westerly to Northwesterly winds
35 to 45 kilometer per hour blowed for more than 24 hours over
the Gulf of Mexico and Western Cuba. These winds generated waves
up to 5 meters high over the Gulf, which arrived to Cuban coast
on the early morning hours of March 3rd as Northwesterly swells
that caused severe coastal flooding in the lowlands, including
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the Malecon (coastal wall) that
City of Havana.

protects the

shoreline of

the

Based on prognosti c charts and the results of research
made in Cuba on coastal flooding in Havana, a forecast was made
on March 1st, stating "the possibili ty of a coastal flooding
event in the Northwest ern cost of Cuba." From that moment on,
coordinat ion with Civil Defense authoritie s were done, which in
hours organized all plans and rneasur·es to ue
,__

~

.L -- ,_ .-. ..-.
~..oo.n.e11.

On the morning of March 2nd, with all evidences that the
meteorolo gical situation was those already forecasted by the
models and, therefore , a greater probabili ty that the coastal
flooding was going to happen, a special statement was issued for
the population through radio and television , and those statement s
were issued repeatedly every six hours with current informatio n.
All measures were taken to completio n. The population in
the area of danger was evacuated to safe places. Food and fresh
water supplies, as well as medical assistanc e, were properly
organized . Measures of control were taken for transit and access
to the coastal zone.
As a result, there were no casualtie s and material losses,
usually caused by this meteorolo gical event in recent years, were
greatly diminishe d.
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ECONOMIC BENEFITS OF ARTIFICIAL RAIN ENHANCEMENT IN CUBA
Daniel Martinez, Mario Valdes, Ricardo Manso, Carlos Fornes, Guillermo Puente

been run in Cuba
for t.=.m
-An ooerative
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-~-
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rainfall in regions most affected by droughts.
The economic purposes of this program prevent from applying a randomized design, so
that the evaluation have been based

~m

raingauge information applying simple methods

so as the comparison of rainfall in work and control days and in work and control
regions.
The total rainfall increment is estimated in more than 1200 millions of cubic meters of
water in ten years. The expected economic benefits depend on several factors, as rain
regime, type of culture, type of soil and damming possibilities.
The main factors influencing operational costs were aircraft chartering and equipment
and seeding reagents. Other factors influencing economic efficiency were the place and
size of the operative site and the available support and control systems.
The approximate cost was estimated as 0,002 - 0,01 Cuban Peso per cubic meter of
additional water.

The total benefits obtained in the ten year operative period was

estimated in more than 50 millions USD, mainly from increments in sugar cane crop
yields.
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BENEFITS OF THE PROVISION OF CLIMATIC CHANGE
INFORMATION FOR DEVELOPMENT OF PUBLIC
POLICY:
AUSTRALIAN ADAPTATION POLICY DEVELOPMENT
Rochelle Braaf and Roslyn Taplin
Climatic Impacts Centre
Macquarie University
Sydney, Australia
ADAPTATION POLICY RESPONSE FOR AUSTRALIA
The World Meteorological Organization (WMO) and United Nations Environment
Program (UNEP) have been intimately involved in research concerning a humaninduced climatic change, since the first World Climate Conference in 1979. The
subsequent Second World Climate Conference in 1986 and establishment of the
Intergovernmental Panel on Climate Change (IPCC) by WMO and UNEP have been
instrumental in placing the enhanced greenhouse effect and associated impacts on the
political agenda. Attempts to deal with this issue through policy are complicated by the
practicalities in targeting a long-term, transnational and multi-faceted issue. In addition,
scientific uncertainty surrounds much of the political and scientific debate. In spite of
the difficulties these factors pose, decision-makers are engaged in deliberate action in
anticipation of, and in response to, climatic change. Strategies devised to target the
issue fall into categories of mitigation, adaptation or combinations of both (IPCC
Working Group Ill 1991).
As an outcome of its national and international commitments (Commonwealth
Government 1992a; Framework Convention on Climate Change 1992), the Australian
Government has initiated a policy study to determine a strategic direction for adaptation
policy responses for Australia to accommodate climatic change and its impacts. This
research, conducted by the Climatic Impacts Centre in Sydney, seeks to identify areas
across the range of natural and human systems that could be targeted for adaptation
responses. Specifically, the study aims to:
Aim 1 Identify areas across the range of natural and human systems that could be
targeted for adaptation responses.
Aim 2 Examine and analyse three case study areas that could be targeted for
adaptation policy.
Aim 3 Establish the criteria by which vulnerability to climatic change impacts can be
established for these three case study areas.
Aim 4 Identify criteria (in terms of climatic change science, economic costs, etc.) by
which adaptation policy can be ordered on a priority basis, in general and for
these case studies.
Aim 5 Establish a proposed ordering of possible adaptation response measures
concentrating on the present and the decade ahead, that could form the basis of
an adaptation policy.

MIDGATION AND ADAPTATION POLICY APPROACHES
Mitigation and adaptation strategies present quite different approaches to climatic
change. Mitigation policy approach in essence attempts to forestall the advent of
climatic change through the prevention, or reduction, of greenhouse gas emissions and
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by pursuing options that counteract emissions, such as removing greenhouse gases
from the atmosphere (e.g. by planting forests to act as carbon sinks) (IPCC Working
Group Ill 1991; Panel on Policy Implications of Greenhouse Warming 1992). To date
a great deal of the national and international response to climatic change has focussed
on mitigation strategies (Burton 1994). Adaptation policy approach in contrast, is
based on the assumption that climatic change as a result of the enhanced greenhouse
effect will take place. Adaptation policies aim to help human and ecological systems
adjust or adapt to new climatic conditions and events, to accommodate changes that
eventuate. Given that climatic change impacts will have an uneven distribution of
positive and negative effects across society and systems, adaptive responses include
those which seek to minimise the negative impacts and capitalise on the positive impacts
that may evolve (IPCC Working Group Ill 1991; Panel on Policy Implications of
Greenhouse Warming i992).
While mitigating efforts targeting the enhanced greenhouse effect are necessary,
the exploration of adaptive responses is also important, notwithstanding the fact that
little policy development has been carried out on adaptation to date. Adaptation options
provide some alternatives to limitation options and vice versa (IPCC Working Group
Ill 1991). It is unlikely that greenhouse gas emissions will be reduced by such an
extent as to avoid global warming altogether. In addition, due to the long lag times in
the response of the atmosphere and oceans to the accumulation of greenhouse gases to
date, the impacts of climatic change may still be felt for a long time even if substantial
reductions in the build-up of greenhouse gases are achieved. Hence, adaptive measures
will still be required even if mitigation policy is successful (Burton 1994). Whether or
not climatic change takes place, human and natural systems will need to account for
climate's natural variability and weather extremes, issues of particular concern for
Australia. The development of appropriate weather monitoring systems, disaster plans
and emergency service responses is prudent therefore, enabling systems to cope better
with existing climatic variability and extremes.

FOCUSSING ON CASE STUDIES FOR POLICY DEVELOPMENT
This poster focuses on aspects of the socio-economic and environmental benefits
of the provision of climatic change information for adaptation policy development in
Australia. Three climatic change adaptation case study areas have been chosen to
investigate some of the more detailed issues of Australian adaptation policy. Human
health, water resource planning and responses to aspects of severe weather have been
selected. Within the three case study areas an adaptation approach to climatic change
offers more opportunities for responding to an enhanced greenhouse effect and climatic
change than the application of mitigation strategies. The areas selected provide sharply
different scenarios for climate impacts, the state of scientific knowledge, existing
impacts studies and existing adaptation strategies. They also represent distinctly
different policy environments, in terms of agencies and levels of government involved,
and feasible strategies that could be employed.
The case study areas will not only provide examples of adaptation policy
fonnulation but also establish a focus for the study, to set up actual investigations into
speciflc circumstances of climatic impact and policy response. The research approach
aims to explore the sensitivity of the case study areas to climate and potential climatic
change impacts, determine measures and actions currently in place to accommodate
existing climate influences and the identify possible adaptation responses to climatic
change scenarios. The research seeks to identify criteria (in terms of climatic change
science, economic costs, etc.) to guide the ordering of adaptive measures on a priority
basis, in general and for these case studies specifically. Through the use of the case
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studies, potential problems in current policy frameworks, processes and development
will be identified. Collectively the case study areas will be drawn on to formulate a
process or generalised approach by which adaptation policy can be developed and
applied for different sectors.

METEOROLOGICAL RESEARCH, CLIMATE SCIENCE AND POLICY-MAKING
Fundamentally, policy-makers rely on the scientific knowledge base provided by
the global climatic modelling community; that is, General Circulation Models (GCMs the results of which are used to develoo scenarios) orovide information on which plans
for adaptation to climatic change are based (see IPCC Working Group Ill f991;
Henderson Sellers 1993). Meteorological services in several countries form a sector of
the GCM research community and are contributing substantially to information about
climatic change through their GCM research and the World Climate Research Program;
the Bureau of Meteorology Research Centre is an Australian contributor. GCMs
currently produce the best information available regarding climate and its interactions
with, and impacts on, human and natural systems. The IPCC I Scientific Assessment
(1990) was the result of work conducted by 170 scientists world-wide. The report
estimated that equilibrium climate changes for a doubling of C02 would result in
temperature increase of between 1.soc and 4.5oc, with a best estimate of 2.5oc
(IPCC Working Group I 1990). The best guess for global warming rates predicted an
increase of 0.30C per decade, with an uncertainty range from o.zoc to o.soc (IPCC
Working Group I 1990). Global precipitation increases associated with the
intensification of the hydrological cycle were reported to lie been +3% and +15%
(IPCC Working Group I 1990).
All the world's major climate modelling centres are now in close agreement
concerning future climate scenarios. However, even at the global level the range
amongst climate models participating in the IPCC is of import (Henderson-Sellers
1993). At the regional level GCMs tend to differ significantly between each other in
their projections of single variables (e.g. future temperature). As impacts assessment
research draws on data from GCMs, the choice of scenarios used in the research will
largely dictate the outcome. Current methods of impact assessment are also hampered
by the disparity between the temporal and spatial scales of available climate forecasts
and the data required for impact assessment (de Freitas & Fowler 1991). As the
development of policy responses relies on information provided by climate projections
and the resulting impacts assessments, the uncertainties associated with them present
some problems. However, Henderson-Sellers (1993) points out that other factors will
also contribute significantly to the process of policy development (e.g. economic
factors, government policy, power of lobby groups and development issues). The
weight governments attribute to the significance of scientific uncertainty will be of
considerable importance in the formulation of policy (Henderson-Sellers 1993).
The Australian Government initiated this adaptation policy research, despite
existing scientific uncertainties regarding regional climate scenarios and impacts. This
research is justified given Australia's commitments under the National Greenhouse
Response Strategy (Commonwealth Government 1992a) and Framework Convention
on Climate Change (FCCC). Australia's commitments to regrets measures means it
will pursue those measures which have net benefits (or at least no net cost), in addition
to addressing climatic change. Within this context, this study will endeavour to pursue
ecologically sustainable development; that is, development aimed at improving the total
quality of life and maintaining the biological systems which support life, for the present
and the future (Commonwealth Government 1992b). Various adaptation responses
will have social, economic and environmental consequences other than targeting
climatic change. Some responses will provide opportunities to engage in better

- 298 -

resource management and the more equitable distribution of and access to services.
The development of adaptive responses to climatic change in this study will also look to
providing for equity within and between generations, through the formulation of
strategies which pursue greater well-being for this as well as future generations.
These factors lend support to the development of policy responses, despite the
lack of certainty regarding scientific information on regional climate scenarios and
impacts research. Yet, the relatively slow response of governments to implement
strong mitigation and adaptation strategies suggests that more reliable scientific
arguments for response measures would have a positive influence. Hence, it is
important that weather monitoring and climate modelling research is pursued with
vi_gour. Throu_gh this process a better understandin_g of climate functions and
interactions with ecological, human and other systems may be gained and future
situations planned for. It is of critical importance that strong research links are
established and maintained between meteorological service providers, climate
modellers, impacts researchers and policy developers, to provide a more robust body of
research regarding the greenhouse effect and climatic change, and to encourage
concerted action to minimise the impacts.
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ECONOMIC EVALUATION OF TERMINAL AERODROME FORECASTS
FOR SYDNEY AIRPORT, AUSTRALIA
R.J.Leigh
Graduate School of the Environment and Climatic Impacts Centre
Macquarie University
Sydney, Australia

METEOROLOGICAL SERVICES FOR AVIATION
lt is generally recognised that, in simplest terms, increased Terminal Aerodrome Forecast
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extra payload (Fahey 1993). Carrying less fuel leads to savings in the "cost to carry" (up to 30% for
international flights). Reducing diversions leads to savings in costs such as wages, maintenance,
fuel burnt, and passenger time. The simple act of lessening an aircraft's exposure to the
atmosphere and reducing fuel consumption is valuable from an environmental point of view.
The value of aviation weather forecasts lies in their potential to reduce weather related
costs. White (1987) estimated that European airlines were saving about 50 million pounds per year
through reduced fuel consumption directly related to improved forecasts from the Meteorological
Office. Robinson (1989) "tentatively suggested" that improvements in the forecasting service at
Atlanta Hartsfield International Airport benefited one airline by US$1 million per year. In 1993
Lunnon and Ahmed examined the impact of upper-air wind forecasts and estimated fuel savings on
the North Atlantic route of 20 million pounds per year. Fahey (1993) has estimated that North West
Airline's own terminal forecasting system accrued benefits of US$1.1 million in 1992.
The "cost-loss ratio situation" decision model provides a framework for assessing the value
of forecasts. Although it is a simple normative model, it appears to provide a realistic description of
decisions faced by forecast sensitive decision makers (Murphy 1977); and has been used to model
real decision making situations (e.g. Lave 1964; Glahn 1964; Nelson and Winter 1964; Kernan
1975; Howe and Cochrane 1976; Katz, Murphy and Winkler 1982). The situation involves a decision
maker who must decide whether to take protective action in the face of uncertainty about adverse
conditions. A pilot who must decide whether to carry additional fuel as protection against the
possibility of adverse weather at the destination is the specific example of this study.
This study comprises one subcomponent of a 3-year project being undertaken jointly with
the Bureau of Meteorology in which the social and economic benefits and costs of meteorological
services provision are being evaluated. lt employs the decision framework to estimate expected
benefits from improved TAF accuracy, and the value of accurate TAFs to airlines. it is based on the
operational impact of TAFs on fuel load and the decision to divert. The salient features of the study
are the use of a valid framework, and the incorporation of historical forecast information and actual
airline costs.

TERMINAL AERODROME FORECASTS AND AIRLINE OPERATIONS
TAFs are issued for Sydney Airport every six hours and are valid for twenty four hours.
They contain forecasts of wind speed, visibility, cloud height and type, and events such· as rain
thunderstorms and fog (freezing conditions are not experienced in this part of Australia). Each six
hour unit of forecast is classified into one of four categories based on "alternate fuel" criteria set by
the Civil Aviation Authority (CAA). (Weather conditions better than the criteria are referred to as "noalternate fuel" conditions and those worse than the criteria as "alternate fuel" conditions.)
a)
b)
c)
d)

alternate fuel conditions expected
no alternate fuel conditions expected
intermittent alternate fuel conditions expected
temporary alternate fuel conditions expected
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Verification is by comparing the TAF as classified with observed weather reports for
coincident six hour periods. Thus the relevant data consists of approximately 240 (monthly) four by
four contingency tables. Fractional entries are made if part of a forecast is wrong and part correct.
TAF amendments and probabiiity forecasts are excluded. The verification procedure is performed by
the Bureau of Meteorology (BoM 1972). Operational relevance of the forecasts is such that monthly
verification data may be simplified to two by two contingency tables similar to Figure 1.
The critical aspect of TAFs examined in this paper is the impact on aircraft fuel load and
hence on an aircraft's ability to proceed to its destination or divert to an alternate aerodrome. If
weather conditions at Sydney Airport are worse than criteria set by the CAA, then an aircraft must
be carrying sufficient fuel to reach an alternate airport (usually Brisbane) before it can attempt an
approach to Sydney Airport. Airlines adopt their own fuel policies to comply with CAA regulations.
Some airlines require that additional (alternate) fuel only be uplifted if the TAF predicts arrival
weather conditions below alternate fuel criteria. If conditions are forecast to be better than alternate
criteria it is assumed the pilot will not carry alternate fuel. This study is only relevant to airlines with
such a fuel policy and the examples of the poster presentation are based on information provided
by Qantas Airways Limited.
As an aircraft operating under a fuel policy similar to that described above approaches
Sydney Airport the pilot must decide whether to proceed or to divert to an alternate airport. If the
aircraft is not carrying alternate fuel, and the conditions at Sydney Airport are below the alternate
criteria the pilot must divert. If the conditions are better than alternate criteria the aircraft may
proceed and land as normal. If the aircraft is carrying alternate fuel and conditions are below
alternate criteria, the aircraft may legally proceed past the "decision point" and attempt an approach.
Airline experience is that about 90% of aircraft which are allowed to proceed past the decision point
will in fact land successfully, the other 10% divert at the last moment. This is because conditions at
landing are often better than the short-term forecast consulted at the decision point and because
aircraft landing minima are less than alternate fuel criteria. If the conditions are better than alternate
criteria the aircraft may proceed and land.

USING CONTINGENCY TABLES
Forecast verification data is recorded in the form of contingency tables such as Figure 1.
indicates weather conditions categorised as above or below the alternate fuel criteria.
1
Figure
Where f 11 , f 12 , f 21 , f22 are relative frequencies.
FORECAST
OBSERVATION
I

ALTERNATE FUEL
NO ALTERNATE FUEL

I
I

ALTERNATE FUEL

I NO ALTERNATE FUEL I

f11

f21

f12

I

f22

I

Figure 1 -Contingency Table
In the simplest two event two action decision making situation the costs associated with
each event-action combination may be summarised in a cost (or utility loss) matrix such as Figure
2. For example in this case the cost of alternate fuel being required but not carried is L dollars
(assuming a linear relationship between utility and cost (dollars)).
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ACTION
OBSERVATION
ALTERNATE FUEL
NO ALTERNATE FUEL

I
I

ALTERNATE FUEL

TNO ALTERNATE FUEL
L

C1
C2

I

0

I

Figure 2 - Cost Matrix
Assuming the optimal policy of taking protective action in the case of adverse weather when
the probability of adverse weather is greater than the cost-loss ratio, and doing nothing otherwise;
the minimum expected cost (EC) is:
EC = f 11 C1 + f 12C2 + f21 L + f 220

(1)

where the terms are defined in Figures 1 and 2
The economic value of a forecast (VF) is usually defined as the difference in minimum
expected cost between a decision based on forecast information (ECF; expected cost, forecast) and
one based on climatological information (ECC; expected cost, climatology), (e.g. Winkler and
Murphy 1985).
VF = ECC- ECF

(2)

lt is realistic in this study to assume that in the absence of forecast information (whether
climatological information is available or not) the airline will always take protective action. The
expected cost in the absence of forecast information is then simply:
ECC = f0 P1 + f 02C2
where f01 = relative frequency of alternate fuel weather conditions and f02 = relative frequency of no
alternate fuel weather conditions.
So,
VF = (f01 C1 + f02C2) - (f11 C1 + f12C2 + f21 L)
= f21 C1 + f 22C2 - f 21 L
= f 21 (C1 - L) + f22C2

(3)

Imperfect information cannot have negative value (Hilton 1981), so VF > 0 is a condition of
Equation (3).
The costs in Figure 1 are provided by the airline:
L = Losses incurred because no protective action taken. Comprises direct costs of diversion to
Brisbane (assumed 2 hour stop).
C2 = Cost of unjustified protection. Comprises incremental cost of purchasing fuel in foreign port
plus cost to carry it to Sydney.
C1 =Average cost of justified protection
= 0.9C2 + 0.1(C2 + L)

-
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For a particular route, Equations (1) and (3) permit the calculation of the expected cost and
value of a forecast; where the forecast is characterised by the verification data for a particular
month, and is assumed to be representative of forecasts for that month. Expected cost and value
may be determined in A$(1994) for each month from 1972 to 1992. Similarly representative monthly
accuracy characteristics may be calculated, i.e. P11 , P22 and FC. Where the first two are conditional
probabilities of i) observing alternate conditions given an alternate forecast, and ii) observing no
alternate conditions given a no alternate forecast, respectively; and FC (fraction correct) is the sum
of the diagonal relative frequencies in Figure 1.

DETERMINING THE VALUE OF ACCURATE FORECASTS
The dependent variables EC and VF are plotted against accuracy allowing relationships to
be determined using regression techniques. Time series for all variables are also plotted and
indicate a slight increase in accuracy over the period. Plotting FC as the independent variable yields
graphs which are characterised by envelopes of values for VF and EC, consistent with Murphy and
Ehrendorfer's (1987) discussions. P22 generally displays a strong linear relationship with EC and VF.
This is understandable as P22 is a measure of "surprise" alternate fuel weather which corresponds
with the largest cost in the cost matrix (for routes examined to date, L tends to be about eight times
the value of C1 and about thirty times the value of C2). The benefits of improved TAF accuracy to
the airline, in terms in expected cost savings, are determined from the graphs of EC. The threshold
accuracy at which a forecast has value, and the value of perfect forecasts are determined from
graphs of VF. The poster presentation will illustrate this for a number of routes into Sydney Airport,
Australia.

ACKNOWLEDGMENTS
The author acknowledges funding from the Australian Research Council under the Collaborative
Research Grants Scheme. Information from Qantas Airways Limited is gratefully acknowledged. The
staff of the Bureau of Meteorology, especially Geoffrey Smith and Bernard Shanahan, are thanked
for input and support.

REFERENCES
Bureau of Meteorology 1973, Technical Report 2 - Verification of Terminal Aerodrome Forecasts, Department of Science,
AGPS, Canberra, 9pp.
Fahey T.H. 1993, Northwest Airlines' atmospheric hazards advisory and avoidance system, Preprints of 5th International
Conference on Aviation Weather Systems, Vienna, Virginia, American Meteorological Society.
Glahn H.R. 1964, The use of decision theory in meteorology, with an application to aviation weather, Monthly Weather
Review, 92(9):383-388.
Hilton R.W. 1981, The determinants of information value: synthesising some general results, Management Science, 27(1):5764.
Howe C.W. and Cochrane H.C. 1974, A decision model for adjusting to natural hazard events with applications to urban
snowstorms, The Review of Economics and Statistics, 58:50-58.
Katz R.W., Murphy A.H. and Winkler R.L. 1982, Assessing the value of frost forecasts to orchardists: A dynamic decision
making approach, Journal of Applied Meteorology, 21:518-531.
Keman G.L. 1975, The cost-loss decision model and air pollution forecasting, Journal of Applied Meteorology, 14:8-16.
Lava LB. 1964, The value of better weather information to the raisin industry, Econometrica, 31:151-164.
Murphy A.H. 1977, The value of climatological, categorical and probabilistic forecasts in the cost-loss ratio situation, Monthly
Weather Review, 105:803-816.
Murphy A.H. and Ehrendorfer M. 1987, On the relationship between accuracy and value of forecasts in the cost-loss ratio
situation, Weather and Forecasting, 2:243-251.
Nelson R.R. and Winter S.G. 1964, A case study in the economics of information and coordination: the weather forecasting
system, Quarterly Journal of Economics, 78:420-441.
Robinson P.J. 1989, The influence of weather on the flight operations at the Atlanta Hartsfield International Airport, Weather
and Forecasting, 4:461-468.
White P.W. 1987, Impact of weather forecasts on aviation fuel consumption, Meteorological Magazine, 116:29-30.

-

303 -

CONJ'KRQCK ABOUT BCONaiiC BDmri!IS or mll NATIONAL
MBftOROLOOIC.'\L AND HYDROLOGICAL SDVICU
!CIIIR R&SULTS O"i" li'RB :&CONOKI:C llQmr.t!fO FU.Q. l:'lllli

RATIONAL KCON<I«, ftQC TD AC'fiVI!I&S 0!' DE
NM'IOlCAL IIYDilOLOGICAL SUY.IC&S.
:&n90. VImCI'OS POZ.a:IRA DR

Engo. CliW

sA

E BlllGVIDB8

LoUR~.::u:w IWt;u&

'&ngo. 'I'OBRR'fO W>RRil\A CODIUA

THT!l PAPER PRESENTS SOME POINTS OF VIEW ABOUT "l'HE IMPORTANCE

OF

THE

HIDROLOGIC

INFORMATION

RELATED

TO

OF

THE

ECONOMICS,

SOCIOECONOMICS AND ENVIRONMENTAL ASPECTS OF THE COUNTRY.
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- 304 OPTIMAL USE AND POTENTIAL VALUE
OF CLIMATOLOGICA L INFORMATION AND FORECASTS
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ABSTRACT

A development of theory and methods for an economically optimal application and
assessment of the potential efficiency of various types of climate information is given. General
principles of making meteorologic-econ omic models and these models analysis are described on
the basis of probabilistic ideas and statistic decision theory. The research results are given which
make it possible to optimize the user's strategy on the basis of climate data on the nature of
continuous distribution (by the scale of probable values) of a meteorological factor affecting the
user's activity.

Basic ratios have been obtained for the cases of Gaussian and log-normal

distributions. Analytical model and numerical experiments for agricultural practices show that the
transition from planning based on mean long-term conditions to climatically optimal decisions is
of a particular importance from the viewpoint of minimizing the risk of large economic losses,
because the risk factor is in majority of cases more sensitive to the non-optimality of the user's
strategy, if compared with average losses or average benefit. A methodology is proposed for the
assessment of the management utility of information obtained from climate regionalization; a
problem on the account of such climatic information for a differentiated planning on the area
heterogeneous by a frequency of some economically important meteorological event is taken as
an example.
The research results on the economic efficiency of probabilistic climate forecasts specified
for the developed decision-making model relative to "cost/loss" ratio are given. Some ideas are
presented on the management value and possible application of update forecasts of climate
changes in the form of relevant climate scenarios.
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ECONOMIC BENEFITS OF METEOROLOGICAL INFORMATION
TO AIR NAVIGATION, HYDRO-ELECTRICAL ENERGY
AND CROP PRODUCTION.
By, MBASSA MOUKOKO Maurice
Engeneer meteorologis t
Master of Sciences in Environment
Assistant Director,
National Meteorology cameroon
P.O Box 186 Douala

As is the case all over the world, meteorologic al assistance
in cameroon comprises of information given to users in form of
primary data, processed data or advises for many various
activities. In many cases, this information appears to play a
primordial role , quite like negetive entropy in a system, thus
helping to a better restructuring of activities. In order ways,
meteorologic al information is often used as basic material in
many processes.
As we try to point out in sectors of air navigation, hydroelectrical energy production and crop production, advantages of
using this information are quite important.
1- CASE OF AIR NAVIGATION
It is well known that the contribution of meteorologic al
services to air navigation is quite important. Security of flies
depends on it, whether in take-off and landing or in cruising
phases. It is thesame for the respect of time tables and duration
of flights, deviation, monitoring of climatic effects on the
equipments.
Trying to assess advantages of meteorologic al services to
air navigation in Cameroon, we dealed with statistical materials
available in three national services. These are :

* the "Bureau
(DIApt)
* the National

de piste"

in Douala Internationa l Airport

I

*

Meteorologic al Center (NMC) in Douala,
the Department of Finance of cameroon Airlines (Camair) .

First of all, one can see that in spite of relative decrease
of air traffic in DIApt, due globally to a very hard economic
crises, requirements for meterologoca l services, especially
flight protection still remain noticeable. In fact, in 1991, 4313
meteorologic al protections were done by the NMC, while 4027 in
1992 and 3985 in 1993.
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Besides, statistics reveal that a discerning choice of the
route using route forecast, is of substancial help to cut down
flight duration.For the "Bureau de piste" of DIApt, such
reduction can reach 5-10 mn for a four engine jet air craft, like
the Boeing 747's flight Douala-Paris. From january to june 1994,
this performance was realised for more than half of the 84
flights that took place in this direction. The cost of an hour's
flying (cost of exploitation only) being estimated at 5.600.000
Fcfa (about 9.400 $ U.S) for this particular aircraft, the profit
resulting would seem to amount 36.800.000 Fcfa (62.000 $ U.S)
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Meteorological services available in the Douala NMC also are
of important consideration in the reduction of diversions in
flight, especially when landing in Douala where visibility is
often low in the early mornings. In fact, 10 diversions in mean
over 168 flights per year are recorded.
In short, it can be seen that almost each decision for air
exploitation refers to meteorological information.
II- CASE OF HYDRO-ELECTRICAL ENERGY PRODUCTION
Hydro-electrical energy in cameroon is produced by "Societe
Nationale d'Electricite" (SONEL) provided by the dams on the
river Sanaga at localities of Edea and Songlulu. To produce
energy of 264.6 and 384 MW respectively, the rate of flow must
be preserved at levels of ·-~-. · m3 Is for Edea and · · · m3 Is for
Songlulu. Hence, the main preocupation of Sonel is to maintain
these rate of flow being aware of important fluctuations. For
this purpose, Sonel uses three (3) other dams for water storage
and a system of dikes. Since 1987, these were reinforced by
the
especially
services,
meteorological
of
utilisation
forecasting of position and fluctuation of the ITCZ added to
statistics on the rate of flow, normalised for a 30 year period.
In cases of water shortage, stand by generators installed in 3
main cities are switched on, in order to make up for the shortage
in electrical ::~nergy. The compensation is determined by formulae
E

=.

--~~

(P(t) - Ph)dt, where,

P(t): function of daily loads
t1-t2: time duration of deficit
Ph= D X (0.206 + 0.37)
D: effective rate of flow
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In figure 1, we try to indicate the rate of implication of ITCZ
in the regulation of the flows:
Forecasts of

ITC!

Decision
level
Yes

Necessity of------ No

~egulation

Dikes
Execution

Dams of
storage

stand by
regulator

Exit of
surplus

(thermic centers)

Expenses

Compensations

Figure·1: Implication of ITCZ
in flow regulation.

As seen, this implication lies especially in the decision-making
process and allow:
1- whether to open or close dike and/or dams, or to switch on
the stand by generator in the dry season, having in mind that the
cost of using one dam of storage for regulation, amounts 32.120.000
fcfa in a year (53.534 $ u.s).
2- to determine the required energy for compensation ;
3- whether to evacuate excessive water in order to avoid the
risk of damage to constructions.
Forecasts of ITCZ are given to SONEL every day from december to
june, i.e. in dry season. The global cost of these data, as taxed by
the Meteorological headquarter amount 300.000 FCFA (500 $ U.S).
Approximately, relationship given by the cost of meteorological
information and the cost needed to operate the stand by generators
or a dam, can be considered for determining the ratio cost/benefits
for the use of meteorological services in hydroelectrical energy
production. If we compare with the use of one dam, this ratio is
about 1/100.

-
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Besides these preoccupations, security of equipments facing
frequent thunderstorms seems also important. In fact, in a letter of
19 of june 1994, SONEL expressed a loss of hundred millions of FCFA
due to damage on equipments by thunderstorms, and requested
meteorological assistance to take urgent measures of safety.
These information are available for a cost of 246.000 FCFA (410
$ U.S) most often lower, as seen , than the estimated losses.
III -

CASE OF CROP-PRODUCTION.

The delay in the implementation of national advisory system
(SNAR) in Cameroon has made statistics unavoible, in view to assess
the benefits of using meteorological information. Nevertheless,
analys a priori, should be,indicative. As a matter of fact, the cost
of meteorological assistance to SNAR agricultural venture is
estimated to 1.000.000 FCFA. (1700 $ U.S) per year. This being the
10 days
cost of climatological information and that of a
agrometeorological bulletin.
We estimated a recent desease in North Camerooh due to drought,
at about 1 billion FCFA (1.700.000 $ U.S). This corresponds to the
amount made available by the Government of Cameroon in april 1994 to
fight the desease, while it is important to note that from experts
point of view, this amount is quit insufficient and must be raised
to 2 or 3 times more. The implementation of the SNAR, with help of
meteorological information is expected to reduce the effects of such
desease by 50% at least, i.e an effective economy of 500.000.000 FCFA
(850.000 $ U.S) having in mind that forecasting of crops means hight
probability of desease and, consequently mobilisation of ressources
to face a desease that should be effective only 1 or 2 months
later.

CONCLUSION.

It seems an evidence that meteorological assistance assure
substancial benefits to many activities, while essential for security
of men and goods and for the monitoring of environment.
Unfortunately, it seems an evidence too, that many important
sectors of our economy dont use this information and several exemples
of losses can be brought due to inadequacy of an activity and
environmental constrainsts. Of course, such situation requires more
dynamism from meteorological services but also, more implication of
administrative power, in order to encourage and, when necessary, to
impose the use of it.;_
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