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Report to the Commission for Climatology - XII session
by
the Rapporteur on Services to the Financial, Insurance and Legal Sectors,
member of the CCI Working Group on Operational Use of Climatological
Knowledge:
J.S. Hopkins (UK)

1.

Introduction

1.1
The three sectors, Financial, Insurance and Legal, might be expected to have differing
requirements for climatological advice. Although both the Legal and Insurance sectors are
concerned with specific incidents which are the subject of legal proceedings, the Insurance industry
is concerned additionally with the estimation of levels of risk associated with weather-induced
damage or loss. The Financial sector might be expected to use climatological information to support
financial decision-making, but seems to make only very limited use of climatological services.
1.2
As with all liaison between different disciplines, it is important that both climatologist and
recipient of advice should appreciate the capabilities and limitations of the other. Therefore, the
climatologist must be willing to learn about the methods of working of these sectors, so as to be
able to offer the most suitable input at the most appropriate time. The climatologist must also be
prepared to educate his client to be aware both of the benefits and the limitations of climatological
data and analyses. In the case of these three sectors, it should be appreciated that the practitioners
are normally from non-scientific backgrounds, and so the climatologist must be prepared to establish
communications at an appropriate level, to ensure that the requirement is clearly defined in terms
which can be addressed, and that the proposed solutions are fully understood.
1.3

The Legal sector

The Legal profession's requirements arise entirely from case-specific issues, either in criminal
prosecutions or civil disputes. When weather factors seem to be relevant to a case, or can provide
some explanation or mitigation, it is important that an objective and independent approach is
adopted. The handling a case is not well-served by advice that is biased, and it may be more useful
for the lawyer to know that the weather factors do not favour the client's case than to be given
an over-optimistic view, which may be challenged later. Detailed strategies and procedures will
depend on the local legal system; in countries where the adversarial system operates, the
climatologist may find him/herself subject to cross-examination in court, and so must be ready to
defend conclusions and opinions to retain credibility.
1.4

The Insurance sector

To improve the assessment of risk, the Insurance sector has continued to develop its interest in
correlating financial losses with weather events causing those losses. In particular, windstorm
events in Western Europe continue to be of interest, primarily due to the major losses suffered by
the industry in the late 1980s. There has also been considerable interest in coastal (ie surgeinduced) flooding, since this is also recognised as likely to give rise to substantial losses. The
physical processes which must coincide for overtopping of sea defences to occur are complex, and
this means that statistical methods to determine the probability of occurrence of an event (with
spatial and temporal variables also being important) are by no means as clear as for a single-variable

problem. Considerable interaction is required between the climatologist and the insurance
representatives in order to define clearly the problem to be addressed.
1.5

The Financial sector

1.5.1
The interactions between meteorology and such sectors as agriculture, manufacturing,
energy and transport are well-documented. Although the health of the Financial sector will depend,
somewhat indirectly, on the state of these and other sectors, for much of the time the link between
the Financial sector and meteorology is rather tenuous. (Of course, there are isolated instances of
more direct linkages, such as in October 1987, when the European/North American markets
suffered sudden large losses. One contributing factor to the crash may have been the inability of
the London brokers to get to work on 16 October due to major transport disruptions caused by a
severe storm across southern England.)
1.5.2
There may be occasions when meteorological knowledge may assist the assessment of
the financial markets; the forecast of a severe storm to affect a heavily-populated area could well
influence share prices, especially in the Insurance sector. For this reason, and also to alert loss
assessors for possible action, insurance and reinsurance companies increasingly monitor tropical
storm warnings from around the world.
1.5.3
In day-to-day dealings on the financial markets, where decisions to buy or sell are often
made on a very subjective basis, it is clearly possible for a particular share to be elevated or
depressed if the company's activities are affected positively or negatively by weather events.
Therefore, it could be financially advantageous for specialist knowledge of the markets and
meteorology to be brought together. Whether this happens routinely on any significant scale is not
known, since the relevant practitioners naturally wish to keep their activities unpublicised.
2.
Developments described under 'Terms of reference' headings, taken from Resolution
17(CCI-XI)
2.1

To monitor and evaluate customers ' needs for services, products and data

2.1.1 The most significant development has been a remarkable increase in interest from European
Insurance and Reinsurance companies for data relating to major storm events which have given rise
to financial loss. After the experience of major storms over Western Europe in 1987 and 1990,
the Insurance industry is clearly now attempting to work towards a sounder basis for the
assessment of storm loss risk, although it is also clear that their representatives (on the whole) have
only a vague understanding of the problem they are seeking to address. We know that there is
rather poor correlation between extreme wind speeds recorded and the losses incurred by the
Insurance industry; therefore it is necessary to include in any detailed analysis such variables as:
duration of storm
size of area covered by strongest winds
inherent * value" of property at risk in the area affected
before a better correlation can be derived. Although the third variable may be estimated by the
Insurance community, the first two are available from existing meteorological records only if some
additional extraction and presentation effort can be applied.
2.1.2 Some companies which have the capability to undertake their own data processing and
analyses have been happy to buy large datasets, but discussion with others has been hampered by
their lack of understanding of the problem. In these cases, it has been difficult for (non-scientific)
customers to define their requirements in terms which can be readily addressed.

2.2

To evaluate the present state of measurements, surveillance and climate

prediction

2.2 A With many National Met. Services under pressure to reduce operating costs, observing
networks are being rationalised in many countries, with automatic stations (capable of recording
only a limited range of variables) tending to replace conventional stations. Consequent problems
with continuity and homogeneity are likely to be of concern to climatologists. The availability of
cheap automatic stations is also encouraging larger insurance organisations to consider establishing
their o w n observing networks, concentrating on urban areas. Although usually of inadequate
quality (and with inadequate range of measured variables) to meet the needs of the NMSs, data
from these networks seem to satisfy some companies' requirements for rapid access to urban data
for verification of claims. The development of these independent commercial networks may lead
to confusion amongst some users, but may be unavoidable.
2.2.2 Clearly, most customers attempting to plan for future investment or to assess future levels
of risk would wish to have ' perfect' forecasts available on all timescales. Our understanding of
climate change is not yet sufficiently advanced to provide this; progress is being made at the major
climate change research centres using GCM results, and papers are appearing which allow some
general guidance to be provided to customers, (e.g. Hulme at al, 1993; von Storch et al, 1993;
Hall et al, 1994; Carnell et al, 1996) With our present state of knowledge, however, it is difficult
to convey to the non-specialist the degree of uncertainty which currently exists, while at the same
time endeavouring to provide advice which has some concrete value to the user. Journalistic oversimplification of the climate change issue in recent years has made it more difficult to convey
uncertainties to professional users.
References:
Carnell, R.E., Senior, C.A. and Mitchell, J.F.B. (1996) "An assessment of measures of storminess:
simulated changes in Northern Hemisphere winter due to increasing C0 2 "Climate Dynamics 12,
pp 467-476
Hall, N.M.J., Hoskins, B.J., Valdes, P.J. and Senior, C.A. (1994) "Storm tracks in a high-resolution
GCM with doubled C0 2 "Quart. J . Roy. Met. Soc. 120, pp 1209-1230
Hulme, M., Briffa, K.R., Jones, P.D. and Senior, C.A. (1993) "Validation of GCM control simulations
using indices of airflow types over the British Isles "Climate Dynamics 9, pp 95-105
von Storch, H., et al (1993) "Changing statistics of storms in the North Atlantic?" Max Planck
Inst. Hamburg, Rep. No. 116
2.3

To investigate the adequacy of present output from climate centres

2.3.1 Although much useful information on climate trends is now emerging from Climate Centres,
advice has been mainly restricted to variations in temperature and rainfall, derived from the
operation of Global Climate Models. Insurance (and reinsurance) organisations are keen to obtain
authoritative guidance on possible changes in storminess, given the major impact on their business
which would result from any such changes. Climate Centres should be encouraged to develop
further the work described in 2.2.2 above, to counteract some of the alarmist statements which
have been promulgated by journalists and others.

2.4

To help in the selection and specification of applications, methods and services

2.4.1 Insurance companies are keen to use weather information to gain a competitive advantage.
In other words, specialist advice is valuable to the companies only if their competitors do not have
access to it. Thus, there is a tendency recently for commissioned studies to be kept confidential,
and any summaries published in the open literature are unlikely to be of much value in quantifying
benefits or defining new methodologies. Clearly, this means that new techniques likely to be of
interest to other workers in the field (and especially to developing NMSs) are not being disseminated
as in the past. It is not clear how this problem can be overcome.
2.5

To study means of improving delivery of services to users

2.5.1 For some years, the UK Met. Office has provided regular monthly bulletins in booklet form
to interested insurance companies, summarising day-by-day weather conditions for selected
locations, with emphasis on those variables likely to be of concern to the industry, (e.g. heavy
rainfall, high wind speeds, low temperatures) Such data have been used primarily to check
weather-related claims, to ensure that (for example) alleged roof damage did actually occur on a
day of strong winds. With rapid developments in new technology, insurance companies wish to
be able to carry out such checks as quickly as possible, and so a demand is emerging for the
provision of this kind on information via electronic mail, on a weekly or even daily basis. Clearly,
greater flexibility of content and format is possible with such systems, to meet the client's need
for prompt information, which will in turn allow more efficient handling of claims.
2.5.2 Another impact of new technology is the comparative ease with which data can now be
presented in high-quality graphical form, using commercial spreadsheet packages on PC. With
graphical presentations now becoming common on TV and in the press, non-technical customers
realise that a graph (showing variation over time, for example) is much better at conveying
information than the equivalent numerical listing. Even members of the legal profession (who are
traditionally reliant on text) have provided enthusiastic feedback when data have been provided to
them in graphical form; expectations rise once the customer is made aware that improved formats
can be provided.
2.5.3 A further interesting development in the insurance field is the use of an intermediary to
communicate information to the user. This intermediary might bring specialist knowledge of the
market which the NMS may not possess (and thus may be able to target customers more
precisely), or may be able to add value (in the form of financial or other non- meteorological
information) to the service, and so make the total package much more attractive to the user.
Where w e are attempting to purvey information to a rather conservative profession such as the
Insurance industry, an intermediary with * inside information' may be able to promote the
advantages of meteorological information better than the NMS.
2.6

To enhance awareness amongst users

2.6.1 Every opportunity should be taken to improve liaison with professional groups representative
of users. Normally, such groups are always looking for speakers to address meetings of their
members, and these gatherings provide an excellent opportunity to make personal contacts, to
emphasise the services which the NMS can provide, and to identify new weather-related problems
which the industry faces. Similarly, submission of papers (even of a non-technical nature) to
appropriate professional publications can be a useful way of publicising services, and can stimulate
interest and enquiries which otherwise might not have been generated.

AGRICULTURE, FOOD AND CLIMATE
Report of the Rapporteur on Agriculture and Food
H.N. Bhalme
Indian Institute of Tropical Meteorology, Pune - 411008, India

1.

Introduction

In view of the rapidly increasing population, recent food problems have
intensified interest in applying Weather and Climate information as an aid to increase food
production. It is generally accepted that food production is intimately linked with Weather and
Climate. The large impact of climate variability on agriculture and hence the economy is felt
most, over the monsoonal regions. It is reported that climate induced variability of food
production is more than 10%. This variability can be as high as 50% of the normal production in
the areas situated in arid and semi-arid regions. Throughout history, many practices were
developed to adopt to the variability of weather and climate conditions. In recent years, the use
of irrigation, inputs of fertilizers, pest control and introduction of high yield variety appear to be
crucial factors for increasing food production. This report addresses agriculture and food in
relation to climate over monsoonal regions.
2.

Agriculture Scenario

Agriculture sector plays a crucial role in the country's development. Indian
economy currently sustains the livelihood of nearly 75% of our population underscoring the need
for high priority to this sector. India's present agricultural scenario is both a source of
satisfaction and one of increasing concern. It is a source of satisfaction, because in the past few
decades we have successfully emerged from a food deficit to a state of near self-sufficiency. The
scenario is of concern because the challenges of increasing food production for our increasing
population. The gains in food production have come about both as a result of cropland
expansion and enhanced yields and productivity. The expansion of area under the foodgrains has
decreased over the successive decades from 17.09 million ha in the fifties to practically none in
the eighties. Thus increased foodgrains production in the eighties was entirely due to increased
yield and productivity. The total cultivated area has remained constant at about 140 million ha
over the period two and half decades or so although the area sown more than once has
increased by about 18 million ha over the same period. In the past three decades, increased
foodgrains production has been achieved by a combination of expanded irrigation, widespread
coverage of high yielding crop cultivars, increased use of fertilizers and pest control.
3.

Population Growth and Foodgrains requirement

India's population has continued to grow at an annual growth rate of more than
2%. We are adding more than 15 million to our population annually and we will be more than 1
billion by the end of this century. The aggregate requirement of cereals and pulses will be 235
million tonnes in addition to about 26 million tonnes oilseeds by the turn of this century. If selfsufficiency in foodgrains is to be maintained even at current levels of per capita availability this
would imply raising annual foodgrains production from 1993-94 level of 182.12 million tonnes
by about 50 million tonnes over next 5 years which is a daunting task.

4.

International Developments

A number of International events and related development will have an important
influence in shaping our priorities to meet the emerging challenges. These are :
The UN framework Convention on climate Change which came into force on March 21,
1994 calls on the governments to adopt national policies and take corresponding
measures on the mitigation of Climate Change by limiting its anthropogenic emission of
green-house gases, protecting its sink and reservoirs.
The desertification convention which has come into force in 1995 will present a
framework for the management of dryland resources.
5.

The climate of arid zone and crops

The desert in south-east Asian region is a continuation of the tropical deserts of
Asia. The most important Climatic parameter is rainfall, both for crops and animals. Annual
rainfall is less than 40 cm and the major amounts of about 85% occur during southwest monsoon
period from June to September and about 10% during winter season. Rainfall is very erratic and
uncertain so that in some years there may not be any rainfall at many places where as in another
year it is torrential and even causing floods. The scanty and uncertain rainfall of arid region
makes the agriculture a risky and low paid profession. The climate of arid zone is characterized
by extremes of temperature. Winter is quite cold and at many places the minimum temperature
on many occasions, falls below the freezing point. The temperature during summer is intense
and scorching and many days may cross 50°C. Duration of sunshine hours is very high
throughout the year hence cause excessive évapotranspiration creating soil moisture stress on the
meagre crops. The shortness of rainy season, high évapotranspiration and persistent warm
condition during the possible growing season represent the main constraints of traditional rainfed
agriculture and low yield. Pearl-millet is the main crop in the arid zone occupying about 40% of
cropped areas of this region. Water harvesting and water recycling may be a great aid to
increase production especially of rainy season crops. Inspite of all these measures, crop failures
are frequent due to drought in arid and semi-arid zones.
6.

Drought

Among the climatic hazards, drought is the most disastrous because it brings
innumerable miseries to the mankind. Drought comes slowly and makes devastation over a wide
area. Drought in successive year or prolonging continuously for more than one or two years
have a devastating effect on the food production. Since our country's food-grain reserves are
only a few percent of the annual consumption, an unfavourable year of drought has immediate
consequences on the whole economy of the country and on the process of the development of
the country. Drought are of many types, e.g., meteorological, agricultural, hydrological,
economics etc. Agricultural drought can be defined as a prolonged and acute moisture
deficiency at the root zone of the crop. It occurs when available soil moisture is inadequate for
healthy crop growth and cause extreme stress and witting. However, drought is normally
defined as water shortage caused by the imbalance between water supply and demand. The
summer monsoon rainfall is the most important single factor influencing the incidence of drought
in India. The large year to year variations in monsoon rainfall which sometimes produces natural
calamities like droughts in India have a profounded impact on agricultural production and on the
economy of the country. This link is evidentfromthe following Table 1.

Table 1.

Drought
Years

Percentage Change in the index of food grains in the years following major
droughts and percentage change in the index of foodgrains prices

Foodgrains
production
change

Foodgrains
prices change

Drought
Years

Foodgrains
productions

Foodgrains
prices change

1920

-3.6

-24.1

1925

-1.0

-3.6

-7.6

1941

-32.2

4.5

36.5

-2.1

1951

6.6

1.1

1905

21.2

-4.9

1965

12.2

-19.6

1911

9.3

-4.6

1966

31.0

1.7

1913

5.5

-9.7

1972

18.0

-8.2

1918

53.9

-32.3

1877

16.4

1899

18.3

1901

2.6

1904

..

The onset, persistence and termination of a drought are usually gradual
processes. These features of drought have made monitoring drought conditions rather a difficult
task. The dominant factors which have tendency to reduce Indian summer monsoon rainfall
leading to large-scale droughts over the country are — Warming phase of the ENSO, more
equatorward position of 500 hPa April ridge position along 75°E, Eurasian snow accumulation
during Dec. - March, etc. The current stage of research in India or in the advanced countries in
the world is —
no known method exists to reliably predict the occurrence, continuation,
cessation or recurrence of drought, although experimental forecasts are being issued by some
services. Surface observations and satellite or remote sensing networks are capable to
monitoring critical elements associated with drought. The National agricultural drought
Assessment and Monitoring System (N ADAMS), developed at Department of Space/National
Remote Sensing Agency, for Department of Agriculture and Co-operation, Govt, of India,
utilizes NOAA Satellite data to issue biweekly, drought bulletins during June-December period
for the ten states of India. Such bulletins are being issued since 1989, which provide districtwise
drought assessment. The user community has encouragingly responded to NADAMS bulletin,
by projecting higher level of information requirements. Detailed drought impact assessment in
terms of smaller areal units and impact on surface and subsurface water supply and assessment of
drought impact on crop yield were identified as some of the key requirements This information
sued in combination with drought forecast can provide decision makers with information needed
for disaster management and also provide a scientific rationale for government, agricultural,
water conservancy, and other sectors to make decisions.
7.

Forecasting of Crop Yields

Pre-harvest forecasts of crops yields from meteorological data of the crop season
are of vital importance. Such forecasts help the Government to take policy decisions regarding
the pattern of internal food distribution, storage, pricing etc. The method of forecasting is
primarily statistical and involves isolating period during which meteorological parameters,
particularly rainfall and temperature, are well correlated to the final crop yield. Models have

been developed to forecast yields over almost the entire rice and wheat growing areas of the
country. The predicted yields generally agree with the actually reported yields with a ±10%
margin.
8.

Climate Change and its impact on Agriculture

Earth's climate has never been static and for the first time in history, human
activities have now reached the stage where they affect climate on regional and global scale.
There are gases which are constituent part of atmospheric air, viz. CO2, CH4 and N2O have
significant man-made sources where as CH4 are purely man-made. Agricultural and industrial
activities of human beings are causing the emission of polyatomic molecules in increasing amount
into atmosphere CO2, CH4, N2O, O3, CFC, Water vapour. All these Gases accumulate in the
atmosphere and act like glass in green-house letting in the warming rays but inhibiting the escape
of infrared rays. Because CO2 and other trace gases produced by industrial and agricultural
processes absorb thermal radiation emitted by the earth's surface, recent studies have predicted
that the increasing concentration of these gases in the atmosphere will result in significant
changes in Climate which in turn may produce substantial changes on the location of the
agricultural zones and shoreline ocean waterrisingline. It is assumed for high rate scenario that
by the year 2030 the amount of CO2 in the atmosphere may become double that of early 20th
century. The global warming rate then estimates to be 0.3°C per decade. This is based on the
assumption that there will be no concerted efforts to control green-houses gases emission.
Climate change in respect of temperature and precipitation will have great impact on agriculture
in India.
The analysis of instrumental data available for past one hundred years showed
that the mean annual surface air temperatures over the land mass of India has apparently warmed
at the rate of 0.4°c over one hundred years. Trend is more marked in the post monsoon season
and during winter. According to the scenarios generated using GCM model in UK the rise in
annual temperature range from around 0.75°C in the year 2050, in the South India and 1.5°C in
the north. The subcontinent as a whole experiences a rise in temperature of little over 1°C. This
is around four times the rate of warming that has occurred over the past hundred years.
The rise in temperature will decrease soil moisture availability irrespective of any
change in precipitation amounts, as evaporation rates increases, and this will have severe impact
on agriculture. As per GCM experiments precipitation over the subcontinent is likely to increase
as a result of global warming. The largest increase is evident over the northwest where a rise of
50% may occur by the middle of 21st century. The percentage increase is considerably lower in
the extreme north and south, In these, regions the increase in precipitation may not be able to
compensate for the reduction in soil moisture caused byrisein temperature.
Rice yield are strongly influenced by temperature. Increase in daily temperature
results in decreasing the period from transplantation to maturity. Such reduction in crop life
duration decrease crop yield. In India, the average yield of rice in coastal region is the lowest.
Average yield to the northwest region is maximum. GCM model results suggest that there could
be rise in temperature of the order of 1.5 to 2.0°C, and this may be combined with uncertainty in
precipitation and result in decrease in yield of around 0.75 t/ha in the highest yielding areas of
northwest of India, but the decrease in the coastal where in monsoon season yields are poor, will
be only 0.04 to 0.08 t/ha.
In case of wheat, temperature and day length play major role. A variety of wheat
which completes its growing phase requirement in a shorter duration yields poorly. For each
0.5°C increase in temperature, may result in reduction of crop duration of seven days which in
8

turn would reduce yield by 0.45 t/ha. Average wheat yield is of the order of 5000 kg to 1600
kg/ha from North to South, and 0.5°C increase in mean temperature means 10% reduction in
production in the North. In central India, where productivity is relatively lower, the decrease
may be still more.
According to some recent investigations for possible changes in the climate
variable over NW region of India during the next 100 years, indicate that warming is likely to be
more pronounced. In spite of the increase in temperature, due to non availability of moisture,
there could be no convective activity, leading to more extensive desertification. Due to
enhanced temperature in the region there is possibility of shift in the sowing time of crops.
Green-house gases induced little change in decline in rainfall would lower
agricultural productivity. Green-house gases induced Climate Change may have adverse
implications for agriculture in India. Increased temperature, decreasing life crop duration may
result in decrease in yield of wheat and rice in India suggesting large irrigation schemes would be
required to maintain yield. These inferences are only tentative.
9.

Climate Information and Prediction Services (CLIPS) for Agriculture

Climate information and emerging ability to predict future climatic events are
developing as powerful tools to assist planning and management for all socio-economic
activities.
9.1

Crop Weather Calender

A variety of crops are raised during the summer monsoon (June-September)
season over different parts of India. Some grow under totally rain-fed conditions and are thus
dependent on the vagaries of rains. Each crop has its own crop weather calander and needs
favourable weather conditions during various critical stages of its life cycle. The detailed
information is condensed and presented in a pictorial form in what has been called the "Crop
Weather Calendars". A crop weather calendar consists of three parts. A t the bottom is shown
diagrammatically the life history of the crop from the date of sowing to the date of harvest and
threshing. The middle of the calendar shows the normal weather requirements. The normal
monthly rainfall, as well as the number of rainy days are also indicated. The uppermost portion
of the calendar indicates the nature of the Weather Warnings to be issued during various phases
of crops. Such Crop-Weather calendars, numbering over 500 have been prepared, for important
crops grown in different districts. The forecast for sowing rains is one event for which the
weather forecasters provide critical input for the agriculture. Weather bulletins for farmers are
issued twice daily by forecasting centres of India Meteorological Departments and broadcast
over the rural radio programmes daily. The bulletins comprise districtwise forecast for 48 hours
and outlook for subsequent two days with an emphasis on those aspects of weather which are
likely to affect crops, viz. heavy rainfall, hail occurrence and frost. These forecasts provide
guidance for agricultural operations helping the farmers to niinimize loss or damage from
adverse weather and take advantage of favourable conditions. These short-range forecast up to
48 hours are based on synoptic methods and Numerical Weather Prediction Models. The use of
computer techniques has made short-range weather forecasting for agricultural operations
potentially one of the more effective meteorological services.
9.2

Medium-range forecasts

Forecasting of meteorological elements over different agroclimatic zones for
medium range period from 3-10 days is most important for agricultural operations and
management of multipurpose water management projects. The medium range forecast aims at
predicting the departures or anomalies of weather elements like rainfall, temperature etc. from

long-term averages. Such forecasts are operational in nature and in quantitative terms as well.
Methodologies used for medium range forecast are synoptic Climatology, empirical statistical
and NWP model output products. Such forecasts can be used in scheduling farm work, i.e. in
deciding whether to prepone or postpone cultivation, sowing, cultural operations, harvesting etc.
9.3

Long-range forecasts

The development of new methods and techniques for Climate prediction beyond
the range of weather prediction is a subject of intense research. The time scale of interest are
usually monthly and seasonal. Climate outlook are issued for a month or seasons ahead. These
outlooks are usually expressed in the form of expected deviation from normal conditions.
Among the various important techniques, viz. persistence, analogue, synoptic and kinematics
approach, regression and autoregressive integrated moving average (ARIMA) a few are being
used for the issuance of seasonal forecasts of rainfall, temperature etc.
Agricultural production in about 100 million ha of the country's rainfed areas
(About 70% of cultivable area)continue to depend on rainfall amount and their spatial and
temporal variability. The Indian summer monsoon (June to September) rainfall provides over
75% of the annual rainfall of the country. Major crops of the country are growing on rain-water
which becomes available in this season. Despite the regular nature of the monsoon, it exhibits
large year-to-year variability like large-scale droughts and floods. Large-scale droughts/floods
have a profound impact on the economy of the country particularly to agricultural production.
The considerable agricultural and economic implications led to a century long effort to predict
the vagaries of summer monsoon rainfall. Recent research performed in India and elsewhere
identified predictors which can be grouped into three families : (a) upper-air flow over India; (b)
heat low development over Southern Asia and establishment of meridional pressure gradient and
cross-equatorial flow over Indian Ocean, and (c) El Nino/Southern Oscillation (ENSO). The
performance of summer monsoon rainfall prediction appears to be correct in 80% of cases for
forecasts formulated in three categories. Such climatic prediction for seasonal rainfall has
considerable applications in economic and societal activities, particularly to agricultural
production, hydroelectric power generation and other processes for the development of the
country.
The meteorological service to meet forecast requirement on all the above time
scales provided by the India Meteorological department. Recently, the National Center for
Medium-Range Forecasting has also begun giving forecast on the medium-range time scale,
particularly to suit the requirements of the farmers.
9.4

Advisory Services

A new service called the Agrometeorological Advisory Service was launched in
1977. It aims at improving the effectiveness of the Weather bulletins by providing an
interpretation of the Weather in terms of its effect on crops. In other words, the farmer is given
a specific advice on what action he should take. Under this scheme, specially prepared weather
charts and crop reports are studied jointly by meteorologist and agricultural specialists. After a
discussions, they prepare detailed advisories tailored to the requirements of cultivators in the
region. There are three parts in the agrometeorlogical advisory service bulletins. The first part is
essentially a short range-weather forecast for general farm activities. The forecast period covers
two days with an outlook for another two days. These forecasts are given to acquaint the farmer
with the expected weather. The second part contains the factual information on the varieties of
crops their state and stage, ongoing agricultural operations, and pests and disease condition.
This information is provided by the agricultural department. The final part gives the
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agrometeorological advice jointly framed by agricultural scientists and agrometeorologists.
Feedback information is also collected from users which helps in preparing improved advisories.
A recent evaluation of the operation of the advisory services have proved its usefulness to
arming community.
More interactions among the meteorologists, agricultural scientists and persons
working at the end of forecast delivery systems would enhance the validity of the forecasts.
Closer operation among the meteorologists and agricultural scientist is needed to increase their
awareness about the existing data base, crop-weather models etc. to reap the full benefit of
research on specific problems. Also there is a clear need to objectively evaluate the skills of
forecasts on all scales and to develop risk-benefit economic models for the utility of forecast for
different agricultural operations by involving specialists in this field.
10.

Summary

i)

In view of the rapidly growing population, recent food problems have intensified interest
in applying weather and climate information as an aid to increase food production. The
large impact of climate variability on agriculture and hence the economy is felt most over
the monsoonal regions. It is noted that climate induced variability in food production is
more than 10%. Throughout history, many practices were developed to adopt to the
variability of whether and climate conditions. In recent years, the use of irrigation, inputs
of fertilizers, pest control and introduction of high yield variety appear to be the crucial
factors for increasing food production.

ii)

Agriculture sector plays a crucial role in the country's development. Indian economy
currently sustains the livelihood of nearly 75% of countries population. India's present
agricultural scenario is both a source of satisfaction and one of increasing concern. It is a
source of satisfaction because in the past few decades we have successfully emerged
from a food deficit to a state of near self-sufficiency. The scenario is of concern because
the challenges of increasing food production for our increasing population. The gains of
food production have come about both as a result of cropland expansion and enhance
yield and productivity. The total cultivated area has remained constant at about 140
million ha over the period two and half decades or so although the area sown more than
one (multiple cropping) has increased by about 18 million ha over the same period. In
the past three decades, increased foodgrains production has been achieved by a
combination of expand irrigation, widespread coverage of high yielding crop cultivars,
increased use of fertilizers and pest control.

iii)

India's population has continued to grow at an annual growth rate of more than 2%. We
are adding more than 15 million to our population annually and we will be more than 1
billion by the end of this century. The aggregate requirement of cereals and pulses will
be 235 million tonnes in addition to about 26 million tonnes oilseeds by the turn of this
century. If self-sufficiency in foodgrains is to be maintained even at the current level of
per capita availability this would imply raising annual foodgrains production from 199394 level of 182.12 million tonnes by bout 50 million tonnes over next 5 year which is
clearly a daunting task.

iv)

A number of International events and related development will have an important
influence in shaping our priorities to meet the emerging challenges. These are : The UN
framework Convention on Climate Change and the desertification convention will
present a framework for the management of dryland resources.
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v)

The desert in south-east Asian region is a continuation of the tropical deserts of Asia.
The scanty and uncertain rainfall of arid regions of India makes the agriculture a risky
and low paid profession. The shortness of rainy season, high évapotranspiration and
persistent warm condition during the growing season represent the main constraints of
traditional rainfed agriculture and low yield. Water harvesting and water recycling may
be great aid to increase production especially of rainy season crops.

vi)

The summer monsoon rainfall is the most important single factor influencing the drought
in India. The large year to year variations in summer monsoon rainfall are strongly
linked to agricultural production. The natural calamities like droughts in India have a
profound impact on the food production and on the economy of the country. The
drought forecast can provide decision makers with information needed for disaster
management and also provide a scientific rationale for government, agricultural, water
conservancy and other sectors to make decisions.

vii)

Pre-harvest forecasts of crop yield from meteorological data of the crop season are of
vital importance. The method of forecasting is primarily statistical and involves isolating
periods during which meteorological parameters, particularly rainfall and temperature,
are well correlated to the final crop yield. Models have been developed to forecast yields
over almost the entire rice and wheat growing areas of the country. The predicted yields
generally agree with the actually reported yields with a ±10% margin. Such forecasts
helps the Government to take policy decisions regarding the pattern of internal food
distribution, storage, pricing etc.

viii)

Green-house gases induced climate change in respect of temperature and precipitation
may have great impact on agriculture in India. The mean annual surface air temperature
over India has apparently warmed up at the rate of 0.4°C. GCM experiments suggests
that increased temperature, decreasing crop life duration may result in decrease in yield
of wheat and rice in India, large irrigation schemes would be required to maintain yield.

ix)

Climate information and emerging ability to predict future climatic events are developing
as powerful tools to assist planning and management for all economic and societal
activities particularly to agricultural production, hydroelectric power generation and
other processes for the development of the country.

x)

A recent evaluation of the Agrometeorological Advisory Services have proved its
usefulness to farming community. Closer cooperation among the meteorologists and
agricultural scientists is needed to increase their awareness about the existing data base,
crop-weather models etc. to reap the full benefit of research on specific problems.
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Would climate and weather affect the quality of tourism?
Dr. Luis B. Lecha Estela
Rapporteur on Climate, Tourism and Recreation

INTRODUCTION
The importance of climate and weather for the tourist industry is generally recognized. The
Handbook on Natural Disaster Reduction in Tourist Areas (WTO, in press) for example points out
that, "tourism development is frequently located in areas which are exposed to, or are likely to be
exposed to sudden-onset disasters, in particular in beach and coastal areas, river valleys and
mountain and alpine regions".
The definition of disaster covers the occurrence of tropical cyclones (including hurricanes
and typhoons), storm surges, flooding, avalanches and earthquakes. Most of these phenomena are
related to the climate or weather in a given region. It is thus evident that the tourist industry must
consider the negative impacts and prevention, in order to guarantee a high quality of the services
and the preservation of the tourist industry infrastructure itself.
However, climate and weather can also produce other significant effects on tourist
activities, not necessarily related to the idea of an extreme event (disaster), but potentially
dangerous too for the health and safety of the individuals. Such influences are very closely related
to the quality of the tourist services, and it is necessary to make available appropriate information
on their occurrence, prevention and preparedness.
This paper will focus on these non-extreme influences of climate and weather on tourism
especially those relate to human health, health tourism and outdoor recreation.
CLIMATE, TOURISM AND HUMAN HEALTH: THE NEW APPROACH
In January 1995 an important Meeting of Experts on Climate, Tourism and Human Health
was held in Topes de Collantes, Cuba. During the meeting it was stressed that the inter-relations
between climate, tourism and human health are emerging as a completely new scientific topic.
Therefore, this field will increase in importance and will require the attention of the World
Meteorological, Tourism and Health Organizations (WMO, 1995).
Planning for holidays is an extremely serious matter involving time and financial resources
and should therefore be carried out with care and patience. Several factors, of which climate can
be considered to be one of the most important, influence tourists or travellers in their decisionmaking. Someone who would like a sun-tan will usually choose a sunny and warm climate, while
those who feel the urge to go skiing will choose a climate with snow. Despite the fact that the
choice of venue when booking a holiday depends on the climate, it is only the weather during the
actual holiday period that matters for the tourist. Climate is considered to be an economic asset
and this has been recognized by several countries, which have developed tourism as an important
industry.
Who is the traveller? ... What are his/her motivations?
Tourism involves the movement
of human beings, either as individuals or as a group. The reasons for travelling can vary: a change
of scene, new challenges, business reasons, stimulation, relaxation and for recuperation, therapy,
cultural exchange, sight-seeing, etc. The main reason is often probably the desire to escape from
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one's native and familiar home environment and to break-away from the daily routine activities.
Hence the choice of the best reason for a given place or the best place for a given reason.
Several important factors come into play after the planning stage and during the voyage of
the tourist. One of them is human biometeorology. This deals with climate, weather and human
health. Biometeorological knowledge, procedures and data are available for application in the
climate, tourist and health fields. Biometeorology is based on epidemiological studies on the impact
of extreme atmospheric conditions on morbidity and mortality, theoretical and experimental research
and the development of physiological significant models.
The meeting agreed on the following general statements:
•

Climate motivated travel for health purposes and comfort is a legitimate medical, social and
economic field requiring increased attention by governments and private sector travel
related organizations.

•

Important detrimental public health aspects such as the need for acclimatization, due to the
contrast between the climate of the tourist's home environment and that of the destination,
are often not sufficiently considered by either the travellers, tour operators and the medical
community;

•

Appropriate recognition should be given to climatotherapy by the medical community, as
an efficient way to express the effects of climate on human health.

This clearly shows that climate and weather influence the quality of tourism. These
influences could be defined as health and comfort of the tourist/traveller through aspects of public
health in the home country - contagious diseases related to the climate of the destination as well
as the increase of climate motivated travels for health purposes (the development of health resorts
SPA etc.).
The provision of adequate climate or meteorological information and services for the tourist
industry is the responsibility of the National Meteorological Services, while the analysis on how
each climatic or meteorological factor can produce a specific response on epidemiological,
biochemical, physiological and other processes, in the human organism is also the task of medical
institutions. Through this joint research evolved an important multi-disciplinary approach that will
help sustain the quality of a healthy and safe tourist industry.

THE ROLE OF CLIMATE CONTRASTS IN TOURISM
Today, more than 500 million people travel each year from one part of the world to another,
in a relatively short space of time, without giving any consideration to the potentially negative
influence of the climate contrast between the points of departure and destination.
This apparent contradiction implies some risk for the traveller. As pointed out by Howard
el al. (1994): "Between 1988 and 1994, 254 patients were hospitalized at Straub Hospital with
deep vein thrombosis (DVT) or pulmonary embolism (PE). Of these, 4 4 patients (17%) were found
to have developed symptoms in association with recent air travel". In the same paper the authors
said: "Reviewing all the data, a few general trends may be suggested. Only a few patients
manifested these symptoms during flight. Often the symptoms occur after disembarking and may
occur days or weeks after flight".
The authors did not consider the potential influence of the climatic contrast experience by
the patients, but if we analyse the information in Table 1 , it is possible to show that the main
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response occurs during the first week after arrival, that is during the process of adaptation of the
traveller to the new climatic conditions.

Table 1
Beginning of air travel - related health crisis (after Howard et al., 1994)
Information on
Cases
Average age
4 0 years old
Sex:
Male
Female
Symptom onset:
During flight
Arrival to 6 days
7 days or more
Unknown
Risk Factors:
Yes
No
Unknown

Straub Hospital (Hawaii)

Literature References

44
63 years
93%

36
50 years
71%

24
20

22
14

2
37
5
0

2
26
6
2

37
7
0

21
11
4

The National Committee of Airliner Cabin Air Quality (CACAQ) stated that an increasing
proportion of passengers flying today are elderly, with an estimate of 9% of the passengers in the
US being over 65 years of age (CACAQ Report, 1986).
A British Airways report, based on statistics from 1984-85 estimated the risk of medical
incidents of any sort at 1 for every 13,000 passengers (Kahn, 1990). This does thus imply that
if the annual rate of air travellers is more than 500 million, there is a potential risk for more than
3 8 , 4 0 0 people every year, without taking into account the possible occurrence of
meteopathological reactions after the trips.
A study of sudden deaths at London's Heathrow airport over 3 years showed that, out of
61 deaths of passengers, 11 (18 %) were attributable to PE (Pulmonary Embolism) following DVT
(Deep Vein Thrombosis). This was second only to cardiac causes of death (Sarvesvaran, 1986).
The effects of climatic contrast on long-distance travellers can produce significant sideeffects on healthy people too. This was the case with the Cuban Olympic Volleyball Team during
the 1993 World Cup held in China, where the team had a poor and unexpected result, due to the
short period of acclimatization before the competition (Constantin, 1993).
Any climatic operational service directed at evaluating the impact of climatic contrast on
global tourism should also consider other factors, such as the time difference between the departure
and destination points, the age of the travellers, etc. These factors act on the adaptive
mechanisms of the travellers and they can delay or affect the primary adaptation of the tourists.
In this connection, the National Meteorological Services can offer specialized information
and operational suggestions to the tourist industry. This specialized support would contribute to
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minimizing the unfavourable impacts caused by climatic contrast, reducing the risk of
meteoropathologic reactions and enhance the chances of the travellers' acclimatization. This would
raise the overall quality of the tourist industry, and open new frames for the development of modern
operational climatic services.
The thermal contrast can be used to represent the climatic contrast, mainly because the air
temperature determines the basic behaviour of the thermoregulatory systems and the type of
clothes recommended. For example, the thermal contrast between high latitudes in both
hemispheres and the tropics, depends on the season of the year and can also be extreme during
certain periods.
In the northern hemisphere the thermal contrast with the tropics is maximum during the
winter months (December to February), but the contrast has a positive impact on the travellers
coming from the north, because they escape a cold stress situation to comfort conditions (winter
break). However, for travellers from the south to the north, the contrast would have a negative
impact (Fig. 1).
During the summer of the northern hemisphere (June to August), the thermal contrast is at
a minimum. In a biometeorological sense the contrast has however, a negative impact on the
health of the travellers arriving in the tropics from the north, having left the comfortable conditions
at home and instead, arriving in a hot and humid tropical climate. However, the contrast could
produce a positive biometeorological impact on those travelling the opposite direction (summer
break).
The opposite interpretation can be applied to the case of the travellers coming from the
southern hemisphere to the tropics (Fig. 2). From these arguments it is clear that the season of the
year and the geographical location of the origin and destination points are the principal elements to
be considered in any global tourist activity.
The presence of mountain areas is very important for the development of numerous tourist
activities, including the application of climatotherapeutic procedures. In the tropical latitudes, the
thermal contrast between the coastal areas and the mountainous regions is equivalent to a travel
in summer time to high latitude country and vice versa. This kind of natural contrast could be
applied successfully in order to reduce the negative impacts of the hot stress on the local population
(local summer break).
The software "Thermal Contrast (CONTER is the original Spanish name), produced by the
Bioclimatic Research Group of the Institute of Meteorology at Cienfuegos, Cuba, permits the
operational application of these ideas as a practical contribution directed to the users in different
sectors of the tourist industry. It can be made available through WMO to all the countries.

Fig. 1

Fig. 2

Thermal contrast between Cienfuegos
and ewes In the northern hemisphere.

Thermal contrast between Cienfuegos
and cities In the southern hemisphere.

SH Church»!
(Canada)
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POSSIBILITIES OF CLIMATOTHERAPY IN THE TOURIST INDUSTRY
The close relationship existing between climate or weather conditions and human reactions
is called meteorotropism of each population or individuals and the different capability of response
can be identified as the meteorolability of that population or individual. Climatotherapy is based
upon the assumption that a person can increase his or her defence against weather changes or
climatic contrasts, through a medical procedure, in which the medicines are the local climate
behaviour, the beauty and quality of the environment and the existence of other natural resources
as beaches, thermal waters, etc.
This assumption is possible, because the main functions of the human body are controlled
by the homeostasis, which is a perpetual function of the body that determines the coordination and
direction of the regulation course. This condition is the basis of t w o processes very closely related
to:
a)

An external dependence of human body on the environment, through which the main
exchanges of matter and energy occur, and

b)

An internal dependence of the human body, through which some internal organs transform
into assimilable substances the matter and energy taken from the environment.

It is therefore easy to understand that any infrequent behaviour during the external
exchange processes can produce extraordinary responses of the internal processes, and beyond
certain limits, could occur some failure or abnormal functions of the individual physiology, that
explain the development of a health crisis, including death as an extreme result. The adaptive
mechanism of the human body is activated by any significant change in the surrounding
environment. These changes act as a strong stimulus, that keeps the adaptive mechanism
working while any unbalance of the internal regulation or the action of the external factor exists.
For this reason, Weihe (1993) considered biometeorology as a science of adaptation. This
approach to the problem represents the therapeutic basis of the climatotherapy. The principals of
the climatotherapy as a method for the strengthening of human health have been widely applied
in the ex-socialist countries, in Europe, China, Japan and other Asian countries.
A t the Symposium "Climate and Human Health", held in St. Petersburg, Russia (then
Leningrad, USSR), September 1986, the important role of the climatotherapy as an effective way
of medical treatment was recognized, but until today, no practical results have been observed to
guarantee the general application of this method.
Climatotherapy can be implemented in different ways: through rehabilitation programs, as
a method directed to strengthen the body's reactivity, as part of post-surgery procedures, and even
in the form of a general prophylactic-therapeutical system. The success of the application of the
treatments depends upon the extent and intensity of the climatic influences. For this reason , an
adequate procedure for classification is necessary, taking into account the complexity and diversity
of the environmental and individual behaviour. The climatotherapy includes three types of
procedures: aerotherapy, heliotherapy and the thalasotherapy. Basically, aerotherapy is the
dossified application of air baths, through which the thermoregulatory and respiratory systems are
stimulated. Heliotherapy involves some types of "solar baths", e.g solarium, using the favourable
effects of ultraviolet radiation on the human body. Finally, the thalasotherapy, or the rational use
of beach potential on human health, is the most complete kind of procedure, because it integrates
in itself the advantages of all those mentioned before.
During the climatotherapeutic treatments it is necessary to consider that in several patients
some unexpected reactions could appear, due to the abrupt change of the climate or weather
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conditions These types of reactions are identified as meteoropathological responses of the human
physiology, based upon transitory disagreements of the adaptive mechanisms. When such
reactions occur, the temporary suspension of the treatments is necessary.
For the application of an adequate scheme of treatments during the climatotherapeutic
procedure, it is necessary to know the specific behaviour of climatic and meteorological factors
acting on human health. The provision of relevant information is the responsibility of the National
Meteorological Services, especially those involved in the development of climatic applications on
human health. Nevertheless, it is also necessary to understand how each climatic or meteorological
factor can produce a specific effect on biochemical, physiological and other processes in the human
organism. This is the task of the physicians in charge of the application of the treatments.
This joint responsibility of the medical and meterological institutions in the field of
climatotherapy is based on the existing close relationship between climate, weather and human
health through climatotherapy. The positive influence the climatotherapeutic treatments on human
health is not restricted to the favourable effects of climatic and meteorological factors, applied in
a dossified form. The rest of the natural factors existing in a given place, including the hygienicsanitary conditions, the social and economic support of the population and other important
beneficial effects on the quality of human life, could also be considered as being part of the
climatotherapeutic procedure. The presence of important natural resources, such ad beaches,
mountains, rivers, thermal waters and so on, are a significant support for the climatotherapeutic
treatments. They must be considered too, as an essential part of climatotherapy, together with the
management of the procedures based on climatological conditions.
CLIMATE & WEATHER INFORMATION AND PREDICTION SERVICES FOR TOURISM AND
RECREATION, INCLUDING HEALTH REQUIREMENTS.
The effects of climate and weather on tourism and human health cover a broad field of
complex interactions. On the one hand, it is necessary to consider the wide spectrum of climatic
and weather conditions, while on the other hand, there is a great variety of different human
behaviours and activities.
The climate and weather processes take place at different time and space scales, from the
global macro-processes to the local climate behaviour and the peculiarities of the daily weather
changes. There is also an extraordinary variety of tourist activities and locations for their
development, as well as the characteristics of the human being. It is necessary to find a common
language in order to express adequately any climate or weather information & service for tourism
and recreation, including health requirements.
On the interannual and seasonal climate variability
The possible occurrence of a global climate change, due to the impact of anthropogenic
activity on the earth's climate, is one of the most controversial items under discussion within the
scientific community today.
The potential influence of climate change on the development of the tourist sector is a
challenge for the future. Although, there are still uncertainties, the potential sea level rise, the
possible change in storm tracks, the threats from the depletion of the ozone layer, and the
consequential changes in UV-B radiation may have a significant impact on international tourism.
It is therefore necessary to establish a basis for assessing these potential threats to the tourist
industry, which is at present the basis of many national economies, especially in the developing
world (Shackleford and Olsson, 1995).
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Considering the potential impact of hurricanes on tourism, there is not a clear direct
relationship between the number of hurricanes and the amount of damages and losses reported over
the different geographical areas. The damages (including the loss of human lives) depend on the
track and intensity of the storm. There, hurricane Andrew in 1992 produced significant destruction
in the Miami city area, while the 92's hurricane season was one of the less active in the last 40
years in the Caribbean basin. On the other hand, nearly 20 named tropical cyclones were formed
in the North Atlantic and Caribbean region during 1995, but none affected Cuba, the greatest
island in the Antilles. This peculiarity is well expressed in Table 2 (Naranjo, 1996).
Gray (1984) suggested the existence of a significant correlation between the sea surface
temperature anomalies in the western Pacific and the number of formed hurricanes in the Atlantic
ocean region. This author found a reduction of the tropical cyclone activity during the ENSO years.
According to Pielke (1996), since 1984, Dr. Gray's team has been issuing forecasts of hurricane
activity for August (middle of the season). ENSO forecasts are a primary component in these
seasonal hurricane forecasts, because ENSO is one of the principal global scale environmental
factors affecting Atlantic hurricane activity. Thus, the forecast team is itself a user of ENSO
forecasts.

Table 2
Observed correlation between the ENSO index and different elements of the hurricane activity in
the Atlantic region (after Naranjo, 1996)
Variables

Correlation Coefficient

Total number of tropical cyclones
Number of hurricanes
Destructive potential
Cyclones in the Caribbean and G. of Mexico
Cyclones formed in the North Atlantic
Final date of the hurricane season

0.70
0.64
0.50
0.56
0.47
0.57

More recently, Ballester, et al. (1995) developed a statistical model to forecast several
characteristics of the hurricane season for the Caribbean basin. According to these authors, one
of the main predictors of the model was again the ENSO index. ENSO is a phenomenon with
important consequences for the global climate, because of the occurrence of significant anomalies
from the standard weather patterns. The consequences of these kinds of events could well be
significant for tourism and the health of a given population.
According to Lecha (1996a), the annual number of days with subtropical air mass influence
over Cuba increases during ENSO episodes (Fig. 3). At the same time, a reduction has been
observed in the number of days with influence of extra tropical processes, such as: cold fronts,
influence of continental air masses and extra tropical cyclones. But the severity of theses extra
tropical processes could increase, due to the increase of energy exchange between equatorial and
mid-latitudes, and the frequent formation of a subtropical Jet Stream over the gulf or Mexico of the
western tip of Cuba. The epidemiological records of acute respiratory infections (ARI) since 1980
to 1993 expresses clearly the increase of these diseases during the strong ENSO 1982-1983, and
during the long ENSO series of events after 1990. The impact on the health of the population in
Sagua la Grande city is representative of most of the municipalities of the western and central
regions of Cuba (Fig. 4). In this example, the impacts of climate and weather conditions on human
health, during ENSO years, are explained by the increase in the he variability of the winter-weather
episodes, the abnormal presence of severe weather, and the abrupt rupture of the bioclimatological
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pattern to which the native population has adapted itself. But equally tourist activities have
strongly been affected during these periods. Significant storm surges, tornadoes, heavy winds and
intense precipitation were observed in the western half of Cuba during the occurrence of strong
extra tropical cyclones on 16 February 1983, 16 March 1983 and 13 March 1993 (the Storm of
the Century).
Fig. 3

Fig. 4
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Important tourist areas in Cuba such as the Havana "malecôn", Varadero beach and other
places were severely damaged, including hotel infrastructure, roads, and maritime constructions.
It is easy to understand that any prediction or warning in advance of the occurrence of such
disasters (even if it is only preliminary) would represent important advantages to the tourist
managers, tour operators, the authorities, policy-makers, and to the tourists themselves. This
could be an effective way to improve climate and weather services for tourism and human health.
At the same time, any tourist area provided with an adequate support of climate information and
prediction services could be considered as a great attraction for tourism and recreation.
On the inter-diurnal variability of weather processes
There are significant differences between the various impacts of climate or weather processes on
human health. The climate impacts depend upon processes which occur inside the climate system
itself, generally expressed at global or regional space scales, and in terms of interannual or seasonal
climate anomalies. The weather impacts are more related with the characteristics of the synoptic
processes that occur in a short time period, and generally, they are expressed though the abrupt
inter-diurnal variation of the weather complex.
In general, the direct influence of weather on human health is explained by the rupture of
the physiological equilibrium. This process can be studied considering the characteristics of the
heat balance of the human body, especially the behaviour of the thermoregulatory system stress
index M (Aizenshtat and Lukina, 1993). According to Lécha et al (1995), the relationship between
the existing synoptic situation and the values of M results in an appropriate form to evaluate the
direct impacts of the inter-diurnal weather changes on the health of the Cuban population, e.g. the
number of cardiovascular diseases (including the high blood pressure cases), shows the important
increase during the cold stress situations (Fig. 5). The same pattern was observed with the
neurological diseases, but the cephalalgias (headaches) have the opposite behaviour. They tend
to increase during the hot stress, showing a biometeorological pattern, in which the hypoxia
conditions (reduction of the oxygen content of the air) are predominant (Fig. 6).
The crisis of bronchial asthma (in adults and children) has the best correlation with the
behaviour of the index M. Its occurrence reaches more than 100% above the mean values during
the presence of both stressful conditions (Fig. 7). From the statistical point of view, the relationship
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between the occurrence of an asthma crisis and the inter-diurnal weather changes could be
explained through the existence of the significant correlation between the breathing in of cold air
and the excitation of the respiratory system (Table 3). Lecha (1996b) reported on the development
of biometeorological forecasts for bronchial asthma and other diseases affecting the Cuban
population. The forecasts are prepared with the aid of a computer system named "Sistema de
Avisos y Alertas para la Salud", SAAS, in Spanish.

Fig. 5

Fig. 6
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Table 3
Correlation coefficients between the daily occurrence of bronchial asthma and the different
components of the heat balance equation
Components
Convective exchange P
Radiation exchange R
Conductive exchange Pr
Heat loss by respiration LEr
Heat loss by sweating LE
Index M

Asthma in adults
-0.2313
- 0.4332
- 0.5544
0.5444
- 0.4233
- 0.3846
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Asthma in children
-0.1787
-0.2817
- 0.3683
0.3950
- 0.2836
- 0.2365

The software is a real Health Watch & Warning System, and it is the operational result obtained
from a series of experiments done during the period 1991 to 1995. These investigations were
made in the framework of the Natural Sciences Problem "Effects of climate and weather conditions
on the health of the Cuban population". The authors are working at the National Climate Center
of the Institute of Meteorology (National Weather Service of Cuba) and GEOCUBA: Research and
Consulting S.A. The system has been designed to prevent the occurrence of daily peaks of
bronchial asthma, based on the knowledge of the meteorological factors which increase morbidity
in adults and children, within the Cuban population. Equally, the system can forecast the probability
of increases in five other human diseases, but with a lower level of accuracy, depending on the
season of the year, the location, and the disease itself.
The SAAS is a completely objective method, because the system uses as an input, the
operational short-range weather forecasts of surface pressure, air temperature and humidity fields.
They are necessary to calculate the oxygen content of the air and its inter-diurnal variations on a
synoptic scale. The existing version works with the information from the national Institute of
Meteorology and the extended weather forecasts from the European Centre for Medium-range
Weather Forecast (ECMWF).
The choice between a watch and a warning would depend on the expected inter-diurnal
contrasts during the forecast period. It is highlighted through a colour code in the display. The
SAAS was designed to work in operational conditions within a Weather Service. The data input
and procedures are in accordance with the "on line" characteristics of the World Weather Watch
System (WWW). The information can be accessed globally, by WMO regions, countries or selected
areas.
The present Health Watch & Warning System will be implemented in close cooperation with
the National Epidemiological Watch System and other Health authorities of Cuba, such as: The
National Unit for Health Analysis and Tendencies (UHAT). The SAAS would support different
operational services, as determined by the level of administrative coordination between the
institution which produces the service (the Institute of Meteorology) and the institute which
receives it (a health centre), as it is shown in Fig. 8.
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The SAAS counterpart is formed by a group of activities and internal services in the ministry
of Public Health. The content of any watch or warning should be disseminated very fast through
all the complex internal structure of the health system, up to the primary level (the emergency
rooms). Moreover, a coordinated set of prophylactic and therapeutical procedures should be
implemented together with a national campaign of health education, in order to increase the ability
of the population to receive the watch & warning content through the mass media. A similar
mechanism is already functioning during the hurricane season. In this case, the Civil Defence is the
counterpart institution, which applies and coordinates the national safety procedures against such
kinds of disasters. This experience has been used to organize the methodological implementation
of the SAAS. The Health Watch & Warning System carries out its own validation. One option in
the Main Menu refers to the validation of the medical information on the daily occurrence of
bronchial asthma of another disease. This information is compared to the SAAS forecasts, and the
final result is saved in an archive file for further consultation. This file is called an ASCII file.
It is easy to understand that this kind of information support from a National Meteorological
Service can provide important advice and useful data to different users, especially within the
tourist, recreation and human health fields. With the application of these climate or weather
services, the users can better organize their infrastructure capabilities, and can also minimize the
impacts of severe weather conditions and even prevent any climate anomaly to be a potential risk
for any human activity. Furthermore, in terms of health tourism, the users can reduce the
appearance of meteoropathological reactions amongst older travellers or in people having difficulties
with the acclimatization period. At the same time however, it is possible to increase the application
of climatotherapeutic treatments, and the sustainable use of important natural resources.
CONCLUSIONS
Climate and weather have significant influences on the main human activities. Tourism is not an
exception. The quality of the tourist services will depend on the implementation of new climate
and weather information and prediction services in accordance with the requirements and needs
of the different countries and geographical areas. These services could be implemented in different
time and space scales from global to local, but considering in each, the peculiarities of the
interactions among the physical environment and the human activities. This is not an easy task,
and the future development of such services will demand close cooperation between international
organizations, the governments and the private sector.
Moreover, a number of important questions remain to be solved. Each field of climate
application requires specific methodological fundaments. These are generally obtained from
research and development projects. The future will show what will be required to assess and
implement the scientific achievements in this important area.
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Report of
Meeting of Experts on Climate and Human Health
Freiburg, Germany, 28-29 January 1997

Opening
1.
The meeting was opened at 10h00 on Tuesday 28 January 1997 at the Deutscher
Wetterdienst Laboratories in Freiburg, Germany. The participants (see Annex A) were welcomed
by Dr Jendritzky on behalf of the Deutscher Wetterdienst. He presented a short resume of ongoing
activities in Germany of direct relevance to the meeting.
2.
Dr Olsson conveyed WMO's appreciation and thanks to the participants and their respective
governments for making their services available for this most important work. He thanked the
German government, through the DWD, for having invited the meeting to the pleasant and efficient
localities in friendly Freiburg. He also took this opportunity to thank Dr Jendritzky and
Prof. Kalkstein for their valuable work as Rapporteurs to the WMO CCI, especially their
contributions to the publications on Climate Change and Human Health and on Climate and Human
Health. In this context he also expressed appreciation for the good cooperation with WHO and
UNEP. Due to other commitments, UNEP had expressed regret that they were unable to attend this
meeting. Dr Olsson concluded by thanking Dr Jendritzky for having accepted to act as chairman
for the meeting.
3.
It was agreed that the meeting could be conducted in a relatively informal manner and that
the target was to formulate ideas and recommendations for further activities in the area of Climate
and Human Health, especially as it involves WMO programmes.
Major Issues in Climate and Human Health - General Discussions
4.
The discussions covered a broad spectrum of issues related to the further development of
the CHH activities, with special focus on international cooperation and various collaborative
programmes and projects.
Warning systems for Heat Waves and possibly other extreme weather events
5.
Prof. Kalkstein presented the ongoing activities in the US of relevance to the meeting. In
particular he discussed a "dry skin index" published routinely in the US today and the development
of the heatwave warning systems in some US cities. He suggested that the heatwave warning
systems should be tested in some European cities, e.g. for Ljubjana for which mortality data has
now been made available, but also for some major cities such as Madrid, Spain, Rome, Italy and
Athens, Greece. It was furthermore suggested that cities in the third world countries should also
be considered for further studies. It was agreed that it was important to get some of the "show
case projects going" and Prof. Kalkstein informed that he could foresee that several graduate
students at the University of Delaware would be interested in working on projects focusing on this
development.
6.
Dr Slooff elaborated further on the climate related mortality work and suggested a
broadening of the scope of the studies to include intervention and mitigation methodologies,
especially as these studies should include cities in developing countries. He suggested that experts
to help develop projects in developing countries could possibly be supported from funds that were
foreseen as forthcoming from the Netherlands, but noted also that EU (DG 12) could constitute a
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source for such support. Dr Slooff indicated that studies of various "predisposing factors" are of
special interest to WHO, e.g. availability to air conditioning and societal acceptability for various
mitigative measures. It was also pointed out that a replacement of mortality with Disability Adjusted
Life Years (DALY) saved may be more desirable, as this is now considered a more appropriate
parameter to use, especially as this also lends focus on mitigating possibilities. This would also help
identify the needs for intervention programmes that could be developed based on a better
knowledge of potential impacts. Examples of successful intervention programmes in place, e.g.
St. Louis, were noted and it was generally agreed that it was important to make sure that it was
feasible to implement any intervention programme if this was to be included.
7.
The question was raised if the heat stress impact in many developing country cities would
not be masked by the air pollution situation. It was pointed out that meteorologists do have a fairly
good understanding of the relationship between meteorology and air pollution. However, inclusion
of the pollution aspect may well increase the cost of development significantly. It was furthermore
noted that involving NIS would be somewhat opportune from a financial point of view, that
Prof. Padramanamurthy may have interesting experience and data for Delhi and that Dr Lecha has
a vast experience from general work in CHH.
8.
It was agreed that an important first step would be to identify "Criteria for selection of
target cities". In the discussion various aspects were considered, including "the occurrence of
irregular intense heat waves", the need to clearly define the concept of heat waves based of the
analyses of air masses, the city size, i.e. it is of special interest to include "large cities", there
should be a "large number of deaths", and "technical predictability" should exist. It is desirable that
statistics on "age/cause of death/gender" be made available and it was noted that infant mortality
is now of special interest. It was agreed that it would be valuable to test different approaches in
parallel, e.g. use methods based on airmass analyses, temperature conditions and Klima Michel.
Prof. Kalkstein pointed out that "total cloud cover, Ta, Td, Pressure, WD, and WS at least every
6 hours" would be needed for the method based on airmass analyses. It was considered desirable
that the selected cities participate in the WHO "Healthy Cities Programme" and that they have well
developed disaster preparedness plans (see Annex B).
9.
The question of how the potential impact of "cold waves" should be included was
considered, especially in the light of the fact that these impacts frequently are related in the news,
e.g. when hitting cities such as New Delhi. It was thus suggested that the Show Case Projects
could be extended to include "Extreme Weather Impact on Human Health". In this context it was
noted that good relationships were available also for "cold wave impacts". A possible definition
of "extreme weather impacts could thus be "any extreme that creates a significant health
outcome". It was questioned if it was rational to consider that "an increase in summer mortality
would most likely be compensated by warming during the winter due to climate change".
10.
It was agreed that a major target should be "to have at least one system up and running by
1999 and that an important first step involves extensive capacity building". In order to assure
success, any showcase project would benefit from the "Interagency umbrella" and it is thus
believed crucial to relate such further development to the Climate Agenda process as well as to the
further development of the Climate Information and Prediction Services (CLIPS) project.
Climate Change and Human Health
11.
The meeting agreed that the issues that will most likely be in focus in the context of Climate
and Human Health in the next few years, and maybe for the next decade, include the concern for
potential impact of climate change on health and human well being, the risks associated with severe
and extreme weather conditions, the risks of spreading of diseases as tourism is increasingly
becoming "globalized" and the risks of having climate related losses in agricultural production.

26

12.
The issue relating to the impact of climate change on human health will essentially be
considered within the context of IPCC and in its interaction with the process to implement the
intentions in the UNFCCC. It was considered important to promote the development of health
impact assessment methods at regional and national/local levels.

Interagency Network
13.
This is the need for better coordination and collaboration in the area of climate and human
health research and development as outlined in the Proposal for an Interagency Network on Climate
Change and Human Health (WHO 24 September 1996). In this connection the potential for
establishing such coordination through the Inter-Agency Committee for the Climate Agenda,
IACCA, was discussed and it was suggested that this be considered at the next session of the
IACCA, planned for April 1997.
14.
The issue of Collaborating Centers was discussed and the possibility of establishing such
a center at the University of Delaware. This will be explored further at WHO and the University
of Delaware.
15.
The issue of how to continue the work on CHH within the framework of CCI was discussed
and the possible interrelation with IBS and with the network was considered. It was suggested that
the nomination of several rapporteurs, covering various aspects of CHH related matters, possibly
with a coordinator, "Lead Rapporteur", may be the most expedient way of handling CHH matters
within CCI.
16.
The proposed interagency network between WHO, WMO and UNEP was discussed.
Dr Slooff informed of the system of Collaborating Centers used by WHO. The funding of these
centers is dependent on the situation in the host countries, e.g. in developing countries substantial
support may be required, whilst in industrialized countries the WHO support may be more symbolic
or in the form of seed money for specific activities.
17.
It was suggested that WMO review how arrangements could be made to contribute to the
interagency network and that this be brought up within the context of IACCA. The situation with
the GRDC and the GPDC should be investigated as the formula of arrangements may serve as a
model for the establishment of cooperation within the network.
18.
It was suggested that the feasibility of the University of Delaware being formally established
as a WHO Collaborating Center be investigated. Dr Slooff elaborated further on how staff from
these centers could contribute to the development of WHO objectives, i.e. by participating in
training, implementing specific studies, participating in activities requiring input from expertise
represented by the Center.

Conclusions and Recommendations
19.
Based on the discussions during the meeting, the following recommendations, for due
consideration, especially within the framework of WMO programme development, were agreed :
To promote the implementation of Show Case Projects with the focus on "Warning systems
for Heat Waves and possibly other extreme weather events". The goal for these projects
would be "To develop extreme weather watch/warning systems for three selected cities,
which permit local health officials to more efficiently implement mitigation actions". Further
developments of these proposals are detailed in Annex C.
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The impacts of present climate and climate change are intimately related and intervention
studies focusing on climate and health, such as those proposed here, are necessary to help
mitigate potential negative impacts of future climate change.
To promote the development of a special network on Climate and Human Health, within the
framework of the Climate Agenda, and investigate forms for most suitable arrangements,
e.g. through WHO Collaborating Centers.
To support the proposals made by the two CCI Rapporteurs regarding future arrangements
within the framework of CCI, especially to continue the work through a number of
rapporteurs, with a designated coordinating "Lead Rapporteur on Climate and Health
Aspects".
That WMO consider ways and means of assuring continued support to the work of Dr Lecha
in the area of climate and health as it relates to tourism.
That because of the close relationship between the CCI health rapporteurs and the ICB, the
rapporteurs develop a workshop or a primary session at ICB-99 in Sydney on the
implementation of watch/warning systems in major cities. The proposal to coordinate
ICB-99 and ICUC-99 was endorsed.
That CHH issues related to urban planning and impact assessments should be additionally
emphasized.
Closure
20.
The participants thanked Dr Jendritzky for the professional and social hospitality. The
meeting was closed at 15h35 on Wednesday, 29 January 1997.
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1

Introduction

Welcome to the Philadelphia Hot-Weather/Health Watch/Warning System
Technical Operations Guide. As you read these pages you will learn how to
run the System yourself using a PC. You will discover that operation of the
Watch/Warning System (WWS) is almost completely automated for you.
This is in your favor, for it allows the WWS to be executed very simply and
efficiently whenever you desire. Please read the guide in its entirety before
beginning the WWS operation.

2

Hardware and Software Requirements

This version of the WWS is designed for the MS-DOS/Windows-based computer. In order to run the WWS, you must have an IBM-compatible computer, with hard disk and 3.5" floppy disk drive, running Microsoft Windows.
A World-Wide Web browser, such as Netscape or MS Internet Explorer, is
also required, along with the hardware additions necessary to accomodate
Internet access. The WWS requires very little memory (< 64 kB RAM) and
disk space (about 0.1 MB). It is recommended that you be familiarized with
basic MS-DOS and Windows operations.

3

Operating the Watch/Warning System

Operation of the WWS is simple. First, you obtain from the Internet numerical forecast model output data ("numerical weather forecasts" or NWFs) to
be used as input to the WWS. Second, you run the WWS using the newly
received NWFs. Third, you examine the WWS forecast output, an easily
viewable text file. That's all there is to it.
Both numerical model input and WWS forecast output are archived on
your file space automatically. Seasonal calendars of air mass type and estimated excess mortality are also generated automatically.
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Figure 1: Selecting "Open Location"' from the Netscape File Menu.
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Figure 2: Specifying Internet Location from Within Netscape.
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The WWS can be run up to twice daily, using numerical weather forecasts
generated from meteorological data collected at 0000 and 1200 GMT, and
available at approximately midnight and noon EDT, respectively.

3.1

Obtaining the Numerical Weather Forecasts

Before the WWS can be run, it requires selected output from two NWFs put
out by the National Meteorological Center: the Model Output Statistics from
the Nested Grid Model (NGM-MOS) and the Ensemble Trajectory Analysis
(ETA). These model data are produced from meteorological observations
taken at 0000 and 1200 GMT (8:00 p.m. and 8:00 a.m. EDT, respectively),
and they arrive in computer archives nationwide at approximately midnight
and noon EDT, respectively.
Note that these NWFs are not the same weather forecasts prepared by
professional National Weather Service forecasters but are instead simply the
results of the latest run of numerical weather models. They are meant to serve
the professional weather forecaster as guidance, just as the WWS forecast
output provides the Philadelphia Department of Health with guidance.
To obtain these input data files, simply use your Internet browser. Use
of Netscape is assumed; however, actions and commands employed should
not vary appreciably among other Internet browsers, such as MS Internet
Explorer or NCSA Mosaic.
First, activate your browser (Netscape) from Windows. Next, select the
F i l e option in the browser menu bar, and then Open Location in the F i l e
menu (Figure 1). A dialogue box should appear (Figure 2), in which you
should type
f t p : / / c l i m a t e .geog .udel .edu/incoming/wws
(you may have to click on the dialogue box in order to type text within it).
Momentarily, you will be presented with a list of file names in your browser
window space (Figure 3). Look for the following four file names:
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Figure 3: Numerical Model Output Files Residing at Specified Location.

36

• phlOOz.eta
• phlOOz.ngm
• phll2z.eta
• phll2z.ngm

Each file name follows a standard convention, where phi is a code name for
Philadelphia, 00z or 12z is the time of model output, and e t a and ngm refer
to the type of NWF.
In preparation for a WWS run at a given hour, you will need to obtain
each of the NWF files required for a WWS run at that same hour, saving
them to your local hard disk in the C : \WWS directory. For a WWS run on
0000 Z data, the two phlOOz files are required. For a WWS run at 1200 Z,
all four files are required: the two phlOOz and the two p h l l 2 z NWF files.
To obtain one of the needed NWF files from the list, move the mouse
pointer so that it points to the file name, and click. The contents of that file
should soon fill the browser window. Verify that the contents are current;
the date and time should appear near the top of the file. If the contents are
not current, wait, and choose the Reload option from the graphical menu
near the top of the Netscape window. To save the file to your local hard disk
space, click on the F i l e option in the browser menu bar, and select Save As
in the F i l e menu (refer again to Figure 1). You will be presented with a
dialogue box (Figure 4), in which you enter the MS-DOS directory path and
file name under which you desire to save the information currently displayed
in the browser window. Retain the file name that appears by default in the
window (e. g., phlOOz.ngm), but make sure the path is C:\WWS. It is important
that the file names be retained.

3.2

Running the Watch/Warning System Program

Exit from Netscape and open the Watch/Warning System folder from within
Program Manager. Open the WWS Program item.
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Figure 5: An Example of WWS Forecast Output (Loaded into WordPerfect).
You will be asked to enter the desired hour of forecast model run; enter
00 or 12, for 0000 and 1200 Z, respectively. The WWS will then produce
a forecast (Figure 5), which may be viewed by opening the View Forecast
item.

4

D a t a Archival

Each run of the WWS program archives both the numerical forecast model
input data and the WWS forecast output text. Model data used to drive the
WWS are archived in the directory C : \WWS\M0DELS, and WWS text forecasts
are stored in C : \WWS\ARCHIVE. File names are coded and standardized, and
are of the form YYMMDDHH. et a or . ngm for the model data, and YYMMDDTf. phi
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for the text forecasts (T is the tens digit in the hour). In both the above
formats, YY is for year (e. g., 96 is for 1996), MM is month number, and DD is
day of the month. HH is hour number in the model data file name format.
Calendars of air mass type and estimated excess mortality are also produced and updated during each runtime. Both these files are stored under
the respective file names s_calndr.phl and xsdeaths.phl, in the C:\WWS
directory. Both files are text (ASCII) and are thus easily readable. Each
contains two columns of information: date (yymmdd) and synoptic category, or date and nonnegative estimated excess mortality. Items within the
Watch/Warning System Program Group include icons which allow you to
view these calendar files easily.
Congratulations! You are ready to run the new Watch/Warning System.
We hope that you find its operation efficient and simple.

5

If You Encounter Problems

Sometimes the WWS might not be run as smoothly as is usually the case.
Several problems might arise during a season's operation, and you should be
made aware of them and of what you can do to get around them.

5.1

Late Arrival of Numerical Weather Forecasts

The most common problem is that the NGM-MOS and ETA files sometimes
come in later than expected. ETA files usually appear earlier, at around 10
o'clock EDT, than do the NGM-MOS files, which are written about 12:30
EDT. Due to the increased volume of traffic on the Internet during the daytime, the 1200 GMT files are usually more prone to tardiness problems than
are the 0000 GMT counterparts. However, any of these files can appear late.
The file listing shows the time and date at which each model file was last
modified (Figure 3). It is recommended that you click on the file name to
bring its contents into full view, to verify that the date and time of the model
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output are current. Date and time of the numerical model run should appear
near the top of the document. If a desired file is not current, you can check
again after a wait by simply reloading the file contents page. Netscape offers
a Reload button near the top of the window. Reloading gives the browser a
chance to update itself with regard to changes to the page which may have
occurred.

5.2

Numerical Weather Forecasts Never Come In

This is a more serious problem which has happened less frequently than data
tardiness. Sometimes one or more of the ETA and NGM-MOS model files
does not appear at all.
Remember that a 0000 Z run requires both OOz files, and that a 1200 Z
run requires both OOz and both 12z files. If one of the 12z files is missing,
you cannot run a 1200 Z WWS, but if one of the OOz files is missing, you can
run neither the 0000 Z nor the 1200 Z WWS on that day. In this case, you
must wait up to 12 hours for the next numerical weather forecasts to arrive.

5.3

Miscellaneous

The WWS likely will crash if you have not yet saved the required model files
to your local C : \WWS directory. If this occurs, make sure you have saved all
model files required for a WWS run at a particular hour.
One odd problem that has occurred involves an ETA model file that
comes in on time but which is filled with strings of the "/" character. If you
should experience this difficulty, simply treat that particular file as missing.
This will then affect whether or not the system can be run at all at a given
hour (see Section 5.2). If the WWS program crashes during a run, the "/"
problem might have been the cause.
If you experience other problems not mentioned here, please contact Laurence S. Kalkstein or Daniel Y. Graybeal at the Center for Climatic Research,
Department of Geography, University of Delaware, Newark, Delaware, 19716.
Or, you may telephone at (302) 831-8269 or send facsimile to (302) 831-6654.
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6

Glossary

ASCII American Standard Code for Information Interchange
E D T Eastern Daylight Time
ETA Ensemble Trajectory Analysis
G M T Greenwich Meridian Time
M S Microsoft Corporation, e. g., MS-DOS, MS Windows
N C S A National Center for Supercomputing Applications
N G M - M O S Nested Grid Model - Model Output Statistics
N W F Numerical Weather Forecast
P C IBM-compatible personal computer
W W S Watch/Warning System
Z Zulu Time, same as GMT
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ANNEX C

Development of Show-Case Projects in the area nf "Warning systems for Heat Waves and possibly
other extreme weather
events".

PROCEDURAL STEPS
1.

Prioritise and then select cities based on criteria in document (Annex D):
first contact city health departments, met. agencies to determine data quality and
general interest from relevant authorities;
prioritise and identify up to 5 cities for site visits; and
select three target cities from this group.

The following cities may be of special interest:
Europe:
Asia:
Africa:
Americas:
Australia:
2.

Athens, Madrid, Rome, Budapest, Ljubljana, Kiev;
Delhi, Calcutta, Shanghai, Kuala Lumpur, Singapore, Dhaka, Ankara;
Cairo, Johannesburg, Harare, Pretoria, Dakar;
Mexico City, Toronto, Buenos Aires;
Melbourne, Sydney.

Acquire data and develop weather/health relationships:
Meteorological information:

- synoptic weather data;
- apparent temp, and other approaches.

Mortality information:

- causes of death;
- age;
- gender (?).

Predictability:
- mortality estimation algorithm(s);
- meteorological forecasting routines.
4.

Applicability for health agencies:
- identification of local "players";
- formulation of system best-suited for local needs;
- local coordination and "terms of reference".

5.

Implementation:
-

training, software development, etc. to render system "portability/flexibility";
test period (rehearsal);
operational mode (one full season);
feasibility for implementation by summer 1999.
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Année C, p.2
6.

Mitigation measures & evaluation:
- Guidance (training) from health officials in locales with existing systems;
- does system save lives?
- final report for each locale.

Ref : The Philadelphia Operational Guide - Annex B
BUDGET
Task 1
Administrative Expenses - (WMO, WHO)
6 months, 2 months - narrow to 5 cities
...
$ 8 K
4 month - final selection (site visits)
...
$ 15 K
Total: $ 23 K - includes a one day seminar on weather/health issues for local officials at each locale
final selection of 2 or 3 cities

BASIC RESEARCH
acquisition of data = 0
Task 2 & Task 3: f 1 year}
University of Delaware:

1 student, Larry Kalkstein, salary, secretary (2 mo) ...

$ 50 K

DWD:

student workers...

$ 20 K

Slovenia:

travel etc. ...

$ 15 K

Task 4 & Task 5: - Mainly

Implementation

University of Delaware, DWD, Slovenia - Travel ... $ 20 K
Training, Workshops, Monies to local officials.

Task 6 Mitigation - Public health officials

to be invited...

$ 20-25 K

TOTAL:
Task
Task
Task
Task
Total

1
2-4
5
6

$ 23 K
$85K
$ 20 K
$ 20 K
$148 K

,imax. pending support from the Interagency Network Proposal
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ANNEX D

Criteria for selection of cities for Showcase Studies on "Warning Systems for Heat Waves and
possibly other Extreme Weather Events"
A.

CLIMATE
the occurrence of irregular, intense heat waves and possibly other weather extremes;
6 hourly data available and accessible free of charge (total cloud cover, Ta, Td, wind speed,
wind direction, air pressure);
technical predictability of heat waves (minimum 24 hours/preferably 48 hrs).

B.

GEOGRAPHY/TOPOGRAPHY
large city size required ( > one million) - (provide large sample size of deaths);
familiarity with general physical geography of the city.

POPULATION AND PRACTICAL CONSIDERATIONS
completeness of mortality data required over a minimum of 10 yrs;
population statistics for same period;
expressed interest and cooperation of local health and meteorological authorities;
feasibility of implementation by 1999;
optional: participant in "WHO-Healthy City Programme";
optional: existence of municipal disaster preparedness plan.
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