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FOREWORD
World Meteorological Day is celebrated each year on 23 March to commemorate the coming into force on 23 March 1950 ofthe WMO Convention. The
Day marks the transformation of the former non-governmental
International Meteorological Organization (IMO) into the
intergovernmental World Meteorological Organization (WMO), as a
specialized agency of the United Nations.
Each year, the Members of the Organization celebrate the Day marking the occasion by focusing on a theme highlighting one specific aspect of
meteorology as a scientific endeavour and an applied science. The theme
selected for the year 1993 is "Meteorology and the Transfer of Technology".
The choice of the theme represents a tribute to the meteorological community whose scientific, technical and operational activities are founded on
international co-operation which is based on the transfer of technology
among all WMO Member States.
This booklet has been compiled from the contributions ofMr. F.M.G. Baker,
former Executive Director of the International Council of Scientific Unions
(ICSU) and Dr. P.K. Das, former Director-General of Meteorology, India
Meteorological Department. Each of them brought their valuable contribution
and perspective to a subject which is of global interest.
In order to slow or even reverse the trend in environmental degradation in the atmosphere, biosphere or geosphere, the international
meteorological community continues to develop ways and mechanisms to
promote the transfer of appropriate technologies to developing countries
under conditions that are fair and affordable. Technical transfer assists
countries to make effective use of the technologies, whether transferred or
self-generated, support activities that contribute to bridging the gap in
scientific knowledge and technical know-how between the suppliers and the
recipients of technology.
The World Meteorological Day provides a welcome opportunity to the
meteorological community and national authorities to reflect on the issue of
transfer of technology and plan for the future in a most effective manner.
The Day also provides a special occasion to draw increased public attention
to the benefits that meteorology and technology transfer can bring to the
socio-economic development of nations around the world.

~--

G. 0. P. Obasi
Secretary-General

INTRODUCTION
;:;;~:

:;::y

""''"'

:t

::::

::::':::
~':':::

:::·"0

}

' ' :'::

Since the dawn of history, technological developments have shaped the
course ofhuman progress through the creation of innovative approaches to
solve old and new problems. The science of meteorology has been one of the
greatest beneficiaries of technological progress. Radio communication led
to the exchange of meteorological information on a real-time basis and
hence to the introduction of operational weather forecasting. This has continued to develop with the availability of more sensitive sensors, weather
radars, satellites for remote sensing and telecommunication, and computers
for the fast processing of information on various time and space scales.
The support that national Meteorological Services are able to provide
for socio-economic development is based on an inherently global partnership in the long-standing and time-honoured tradition of free and
unrestricted exchange of information and technology among all countries.
The co-ordination for such co-operation started off with the International
Meteorological Organization and continued through the World
Meteorological Organization since 1951. The United Nations Conference on
Environment and Development (Rio de Janeiro, June 1992) reinforced the
concept of a strongly interdependent world environment, a tenet which has
been the basis of meteorological activities for years. In fact, WMO has
developed a unique system of technology transfer stemming from the
nature of the science and necessity for standardization in observation, data
exchange and processing that the meteorological communities have defined
for themselves.
This booklet examines issues relating to the transfer of technology in
the field of meteorology and operational hydrology. Considering the current
technological gap, it describes the ways in which this problem can be tackled
in the context ofWMO's scientific and technical programmes. The booklet
reviews the mechanisms established for the transfer of technology in the
meteorological context and finall explores lessons learned so far and opportunities for the future.

CHAPTER 1

Issues relating to technology
transfer
Throughout history, technological innovations and developments have been
key elements in the competitiveness of nations, in the fields of economics,
defence or politics. The desire to maximize national benefits has greatly
restricted the flow of information on new developments and limited their
accessibility to potential users. Commercial and legal considerations are
often put forward as restrictive factors in the transfer of technology.
Nevertheless, scientists have long recognized the need for reciprocal
exchange of data, information and products to carry out regional and international activities in meteorology, hydrology and environmental
management. They also consider that all scientific and technological developments should be shared among the community of nations. This attitude
has greatly contributed towards achieving the successful introduction of
modern technologies in these fields. Furthermore, the requirement for
international standardization in the observation, collection and processing
of meteorological and hydrological data and information, which are
exchanged in real-time world-wide has been a compelling factor in the
search for and the sharing of improved technologies. The co-operative and
collaborative mechanisms which started off with the International
Meteorological Organization and have been pursued actively within the
framework of the World Meteorological Organization have considerably fostered the development and transfer of know-how and technologies among
Member countries, without many of the usual restrictions.

Definitions and principles governing the transfer of technology
One way to define "Technology" is as the sum of knowledge, experience and
skills necessary for performing a task, manufacturing a product and establishing an enterprise for this purpose. Technology is usually associated
with patented processes and manufactured products often referred to as
hardware, but an essential part of technology is the knowledge of how and
why its works, which is referred to as the soft part of the technology, involving human resources and management processes.
Transfer of technology has many facets and should be considered as
the export of technologies from one country to another in various forms,
including the provision of equipment, software, expertise and the training
oflocal personnel. Transfer of technology can also refer to transfer from one
group of countries to another.
As a basic principle, it is essential to ensure that there is a need for
the technology before the transfer is envisaged. The requirements should

be fully examined and the motivation of the recipient assessed. The suitability and adaptability of the technology and its capability of being
absorbed should also be determined by the parties concerned. Along with
the technology, information should be provided on the standards, regulations, legal requirements and on the development and operations of the
technology. Appropriate facilities for the repair, maintenance and development of the technology should be available or accessible to the recipient.
The transfer of technology should also be accompanied by the relevant
training programmes of all those involved -from the operators to the top
managers of the systems - with emphasis on the training of trainers,
training of professional and technical staff responsible for the design and
eventually for those manufacturing the equipment or software. The use of
locally available material and tools is to be encouraged. These considerations guide WMO in the formulation and and implementation of its
programmes.

Cost-benefits of technology transfer
The transfer of technology is certainly cost effective but it is difficult to
quantify this aspect with respect to meteorology and hydrology.
In fact, national Meteorological and Hydrological Services are basically concerned with providing service to diverse areas of activities. The
services they render in each area are based on the use of different technologies and as such the estimation of costs and resultant benefits becomes
complex. A WMO Conference on the Economic and Social Benefits of
Meteorological and Hydrological Services was held in Geneva during
March, 1990. The Conference proceedings indicate that benefits usually
exceeded costs by a factor ranging from 5 to 30. The large variation in the
benefit-to-cost ratio is an indication of the difficulty in defining costs and
benefits in what is essentially a service. Accordingly, the emphasis here
will be to describe the types of services that are provided by meteorology
and hydrology in nation-building activities. In particular, the types of
demand that exist in developing countries, which are the greatest beneficiaries of transfer of technology, will be presented.
The supply of information, such as data and forecasts, varies from
country to country. In some countries there is a single service dealing with
meteorology and hydrology. In others, separate organizations exist for the
engineering aspects of hydrology. But invariably a close liaison exists between
the two. In earlier times no charges were levied for operational weather
forecasts or other meteorological and hydrological information, but more
recently charges are being made for some of the services rendered. The cost
of supplying climatological data or information is also being passed on to the
user to recover the cost of data retrieval from national archives.
In the succeeding sections the benefits to national economies from the
applications of expertise in meteorology and hydrology to certain aspects of
the major sectors of national economies are considered. The Programmes
2

of WMO are particularly geared to assist the national Meteorological and
Hydrological Services through appropriate transfer of know-how, methodologies and co-operative efforts in the following priority areas:
•
•
•
•
•

Transport including commercial aviation,
Early warnings against natural disasters,
Agriculture and long range forecasts of seasonal rains,
Management of water resources, and
Environmental monitoring and pollution control.

Transport and commercial aviation
Commercial aviation is one area where the benefits arising from meteorological information have been quantified. The numerous weather forecasts
that are provided daily from different airports ensure the safety of aircraft
operation. Estimates suggest that reductions in flight times on the basis of
forecast winds and temperatures could lead to savings in the order of US
$15,000 per year for a large jet aircraft. The service could be made more
cost-effective with transfer of modern technology. One such example is the
use of the Aircraft to Satellite Data Relay system (ASDAR), to relay in realtime meteorological data at flight level and thereby contribute in the
improvement of forecasts and an increase in the safety of air travel with a
corresponding reduction in operating costs.
Weather forecasts for aviation need reliable upper air data. Radar and
radiosondes are important in this area. Doppler radars, for example, provide
information on the wind shear likely to be encountered during the landing
phase of an aircraft. This is valuable information for averting disasters.
Radiosondes with automatic data recording facilities help to improve the
reliability of forecasts of upper air winds and temperatures. But upper air
data are still deficient in many parts of the tropics. There is also the need
to improve their reliability for better forecasts. WMO arranges intercomparisons of national radiosondes in order to ensure consistency of data
from radiosondes despite the introduction of modified and improved models
at a fast pace. The assistance provided by the Finnish International
Development Agency (FINNIDA) to the Voluntary Co-operation Programme
(VCP) ofWMO has been particularly useful in expanding radiosonde usage.
With this assistance 30 radiosonde/wind stations have been either established
or improved in 20 countries. This assistance also includes training of
technicians for operating the equipment.
Several figures were cited by way of examples during the Conference
on Economic and Social Benefits ofMeteorological and Hydrological Services.
A cost benefit study in Canada CAber, 1990) for example, suggests that the
value of short-range weather forecasts in Canada was $1,5billion in 1985.
Considering the annual budget for all weather services, the benefit-to-cost
ratio was estimated to be 10 to 1 but, as mentioned earlier, these figures are
tentative because many indirect benefits are difficult to quantify.
3

Early warnings against natural disasters
Early warnings against natural disasters, particularly tropical cyclones, is
another area where weather forecasts can be cost-effective if precautionary
measures are initiated in time. Weather forecasts, especially of the wind
and the sea level, are invaluable for preventing the destruction of harbour
installations and the property of coastal populations. The damage caused
by the cyclone which struck Bangladesh in April1991 has been well documented. There were 138,000 fatal casualties and the estimated damage
was $2,400 million. Hurricane Andrew caused damages estimated at $20
billion. But, over the years there has been a decline in the loss oflives and
property. This is due in part to the better accuracy offorecasts and in part
to greater public awareness. Advances in technology by way of better wind
measuring equipment, better radar coverage and satellite data have certainly helped to improve forecasts and provide more lead time for
evacuation. It is an area where experts in meteorology and hydrology work
in close collaboration because in many deltaic regions, such as Bangladesh,
there is a close link between the wind velocity, the precipitation and the
river discharge. All of them may in certain cases add to the severity of
coastal inundation.

Agriculture and long range forecasts of seasonal rains
Agricultural operations depend on the anticipated pattern of rainfall over
different time and space scales. Many Meteorological and Hydrological
services maintain crop-weather calendars which are used to advise farmers and other agricultural interests of the best period for a specific
operation, such as sowing. One experiment in Mali is a good example for
the benefits of meteorological information. This project demonstrated
that the proper application of agrometeorological techniques can help
increase crop yields: each one of the group of farmers in Mali divided his
plot of land into two; half was cultivated in the traditional way and the
other half was cultivated on the basis of agrometeorological advice broadcast by local radio. Over the five years' duration of the project, the plots
cultivated using technical advice yielded, on average, 20 per cent more
than those cultivated in the traditional manner. The net gain in financial terms was substantial, with increased output ranging up to 140%
over the investment (Konare, 1990).
A problem of some interest to the developing countries is a choice
between food and cash crops. Fertilizers, for example, are too costly for the
average farmer in Mali. Consequently, farmers take loans and grow
tobacco and cotton instead of cereals because they are more remunerative
and enable farmers to pay off their loans earlier. This dilemma is also
faced in other countries. In some regions, the cost of fertilizers is partly
subsidized by the national government. But, figures from the Mali
experiment tend to show that even if fertilizers contribute to higher yields,
4

a good part of the net profit was due to better farming techniques with the
help of agrometeorological advice.
The importance of rainfall forecasts for agriculture cannot be over
stressed. As most of the agriculture in the tropics is rainfed, good rainfall
forecasts assume greater importance. In countries which depend on
seasonal rains, such as the summer and winter monsoons of Asia or East
Africa there is a need for forecasts on probable dates of the onset and
cessation of long and short rains. An error in the predicted date of onset
could lead to much wastage of seeds and other agricultural resources. A
forecast for the total quantum of rainfall over a large country is not so
effective, because rainfall and agricultural operations are region specific.

The importance of rainfall forecasts to agriculture can not be overstressed. Increased crop yields and
other socio-economic benefits are assured through proper farming techniques and good
agrometeorological advice. (Credit: WHO).
5

Long-range prediction techniques need improvement, but this again
requires data on a global scale. Satellites and radars provide information
on rainfall. Hence, the need for such technologies in the developing
countries is higher because their economies depend so heavily on rain.

Management of water resources- hydrological forecasting
Hydrological forecasts are valuable for activities such as controlling river
discharges and planning irrigation. This is another area which leans
heavily on quantitative precipitation forecasts. The latter, in turn, need a
good network of weather observations. The volume and complexity of data
so collected makes it imperative to use computers for data processing in
hydrology. Improvements in computer software, and storage through
optical discs, are assisting hydrologists to hasten data processing. The
benefits derived from the use of such technologies far exceed the
investment costs because of the impact of hydrological forecasting in
controlling river discharges and anticipating situations that lead to floods.
Flood forecasting requires data, especially on rainfall often in mountainous terrain and on water levels of the upstream tributaries of a river.
Data from difficult terrain are often obtained by data collection platforms
(DCP) through satellite interrogation.
Flash floods cause considerable damage, but the data requirements
are different from those needed to anticipate slow response floods. They are
caused by very heavy precipitation of short duration so that the drainage
system is unable to remove the excess water. Forecasting flash floods is
extremely difficult, but success has been achieved recently by a high resolution radar network coupled to a satellite receiver. The main features of
this technology are (i) the ability to recognize intense rainbearing clouds,
and (ii) the ability to convert this information into a forecast for flash floods.
Software for this purpose is being developed. Realizing the importance of
flood prediction, considerable financial assistance has been provided by
WMO since 1980 to set up flood forecasting services in different parts of
Asia. The table opposite provides an idea of the assistance involve.
It illustrates the costs involved in terms of assistance provided by
WMO. Once again, it is difficult to express the benefits in terms offunds
but considering the distress caused by floods the benefits far outweigh the
cost of transferring technology.
Environmental monitoring and pollution control
In many parts of the world, pollution control is still in the early stages of
development, although legislation for punitive measures is being imposed
in some areas to control new industries whose waste products are likely to
endanger the atmosphere and the human environment. A quantitative
estimate of the spread of pollution from multiple stacks is now made by
modelling. Model inputs generally require precision equipment of sampling
the air near the earth's surface, but models to predict long-range transport
6

Table 1-Financial assistance to flood forecasting services (Asia)

Country

Phase

Duration

11

1980-86
1988-93

11

1979-84
1986-89

lrrawaddy (upper)
lrrawaddy (lower)

300,000
1,056,000

11

1981-85
1983-86

Yellow (lower)
Yangtze (middle)

700,000
900,000

11

1980-85
1985-88

Yam una
Yam una

Bangladesh
Burma
China
India

River

Assistance (US$)
3,040,000
2,206,000

1,255,000
261,000

Indonesia

1987-90

998,000

Nepal

1982-87

1,031,000

Pakistan

11

1985-92

Indus

595,000

(From: "Flooding- the hazard, our perception of it and our response to it" by A.J.Askew and N.S.Sehmi,
Proc. lnt. Symp. Torrential Rain & Floods, Huangshan, China, October 5-9, 1992).

of pollutants is still in the early stages of development. The transfer of
technology in this sector will assist many countries concerned with this
problem. The uncertainties related to the dispersal of smoke from the
Kuwait oil fires is an example of how a methodology must be carefully
assessed before it is transferred for operational use.
Although firm figures of a benefit-to-cost ratio are not readily available, demand for information and techniques outweigh the supply. An
added advantage of transfer of technology is that an increasing number of
experts with a higher level of education in most developing countries are
available to help build up and implement plans for sustainable development
at an affordable cost.

"Bridging the gap" through technology transfer
The principal aim of transferring technology from one part of the world to
another is to reduce the existing disparities in levels of development. In
meteorology and hydrology, the main objective is to ensure that comparable
levels of services are provided to the national economy in developing countries
as in developed areas, with the overall goal of improving the scientific knowledge
of atmospheric and environmental factors influencing human activities.
One of the potential contributions of technology transfer within the
framework of international activities is the improvement of the level of
7

Meteorological and Hydrological Services of the developing countries with
a view to providing better and effective inputs towards economic development. This could be achieved through collective efforts for more
cost-effective results. In this context, the WMO Long-term Plan provides a
basis for organizing relevant technical co-operation activities to meet the
increasing needs of Meteorological and Hydrological Services from the
developing countries. This is further substantiated by the new roles that
national Services are called upon to play within the framework of the
UNCED follow-up activities. In fact, special attention should be paid to
capacity-building to facilitate and enhance the efficiency of technology
transfer.
There is also a need to focus on promoting and facilitating the access
and the transfer of environmentally sound technologies and related knowhow to developing countries and to promote locally developed technologies.
In this respect, endogenous capacity-building should be fostered in developing countries through:
(a)
(b)
(c)

8

Human resources development;
Strengthening institutional capacities for research and development
and programme implementation; and
Promoting long-term technological partnerships between concerned
parties.

CHAPTER 2

Transfer of technology in the context of WMO Programmes
Over the years, international programmes have made invaluable contributions to the developing world through capacity building in scientific and
technical know-how. Various factors linked to the exigencies of development, food security and ready availability of adequate energy and fresh
water have resulted in a rather complex system of transfer oftechnological
capabilities between the developers and the receivers. During the negotiations on the Framework Convention on Climate Change, issues related to
the modalities of technology transfer came to the forefront of the deliberations. Chapter 9 of UNCED's Agenda 21 on the Protection of the
Atmosphere lays down the foundation for improving the scientific basis for
decision-making by addressing current uncertainties in our knowledge of
climate change and its variability, air pollution and ozone depletion. The
objectives and guidelines for corresponding activities to be undertaken by
every country to effect the transfer of environmentally sound technology, cooperation and capacity building are given in Chapter 34 of Agenda 21.
Meteorology and operational hydrology relevant to all aspects of
human activities and are overwhelmingly international in their character
and approach. A truly global partnership has evolved over the years and
Agenda 21 has come along to reinforce this basic tenet of international cooperation.
The Third Long-term Plan ofWMO for the coming decade of1992- 2001
has seven major scientific and technical programmes. These programmes are
contributing effectively to world-wide co-operation in various scientific and
technical fields and to an accelerated pace in technology transfer.
Understandably the process oftechnology transfer and capacity building has
to proceed in a phased manner, but its progress can often be accelerated by
developing imaginative mechanisms and combining the resources of several
programmes towards a common objective. The major WMO Programmes
were designed to strengthen the base for transferring technology to meet
national and international needs for understanding and forecasting weather
and climate. The programmes are shown schematically in figure 1.
The purpose of this chapter is to review briefly the programmes of
WMO so as to bring out their role and contribution in transferring knowhow and appropriate technologies while encouraging endogenous technical
capabilities. Certain activities like the CLICOM, HOMS and satellitebased telecommunications capabilities will be highlighted.
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Figure 1 - WMO programme structure

World Weather Watch (WWW)
WWW was launched by WMO in 1963. Its aim is to integrate the activities
of National Meteorological Centres (NMCs) towards a global plan for data
collection and the exchange of processed information for short-range
weather prediction. The WWW system is made up of three World
Meteorological Centres (WMCs) which have been set up in Washington,
Moscow and Melbourne and 29 Regional Meteorological Centres (RMCs) in
different parts of the world. These are in turn linked to every one of the
national Meteorological Services.
The three components of the WWW are the Global Observing System
(GOS), the Global Telecommunication System (GTS) and the Global Data
Processing System (GDPS).
During the last few decades there has been a considerable development in sensitive sensors, remote sensing and telecommunications
capabilities of satellites and in data handling and processing capabilities of
computers of different sizes. These have been most beneficial to the various
components of the WWW system. Satellites are invariably coupled with
computers to provide for speed and accuracy in making and processing the
data and disseminating the products.
Within the GOS, some data are generated by weather satellites.
Currently, there are four geostationary satellites and a number of polar
orbiting satellites. A fifth geostationary satellite, the Indian INSAT, is in
an operational mode with limited dissemination facilities. Pictures of cloud
distributions are received from satellites through Primary and Secondary
Data Users Systems (PDUS, SDUS). These satellite observations help to
minimize the loss of lives and the damage to property by providing advance
information for initiating disaster prevention measures against severe
weather conditions like cyclones, storms and floods.
10

Several new systems have been put in place recently to enhance availability of information over data sparse areas. The doppler radar is capable
of measuring the detailed circulation within individual storms. Automatic
weather stations are being increasingly used over larger uninhabited areas.
Fixed or drifting buoys provide data over vast expanses of the ocean surface. The Aircraft-to-Satellite Data Relay (ASDAR) system and the
Automated Ship-board Aerological Programme (ASAP) whereby ship observations are collected via satellite systems are excepted to contribute
significantly to the availability of increased information especially from
areas where there is a dearth of meteorological data.
The Global Telecommunication System (GTS) has benefited greatly
from advances in satellite telecommunications. The use of data collection
platforms (DCP) has proved valuable in ameliorating the collection of
weather data from areas where communication had been otherwise difficult. This was amply demonstrated by the Operational World Weather
Systems Evaluation conducted in Africa (OWSE-AF) over the last three
years. The second phase ofOWSE-AF will evaluate the use of the Meteosat
Data Distribution (MDD) system for the dissemination of data and products
in a real-time basis to national weather services.
The availability of computers with varying capabilities has led to the
enhancement of the national Meteorological Services to process data on a
real-time basis. WMO took the lead in making the necessary arrangements
so that appropriate software like the Message Switching System-I (MSS-1)
could be made available at a reasonable cost to the Services.
It is worthwhile to note that the entire WWW Programme is built upon
the voluntary co-operation among the Members of WMO and their national
Meteorological Services. They agree to the processing and exchange of data
far beyond the confines of their own country for the success of the global plan.
Every Service has a genuine interest that the overall system remains viable
so that good quality data in adequate quantity are available on a real-time basis.
This need for each other's data has led to a healthy and unique mode of cooperation among the national Meteorological Services of the world. Naturally
this mutually beneficial co-operation is translated into corresponding
effectiveness in the transfer of know-how and technology among them.

World Climate Programme (WCP)
This programme is concerned with different facets of climate.
The four major components of the WCP are:
• World Climate Data and Monitoring Programme (WCDMP),
• World Climate Applications and Services Programme (WCASP),
• World Climate Impact Assessment and Response Strategies
Programme (WCIRP), and
• World Climate Research Programme (WCRP).
11

These programmes are designed to assist national Meteorological and
Hydrological Services in contributing to all areas of economic development
where climatic factors are involved. They assist the national Services to
improve their level of service not only to the national economy, but also to
endeavours on regional and global scales.
Under the World Climate Programme there are, in particular, two
major projects on data and applications where the transfer of technology
stands out, namely the CLICOM (Climate Computations) system and the
DARE (Data Rescue) project.

CLICOM system
The CLICOM system was developed to provide appropriate software for use
on inexpensive and easily accessible personal computers for processing climate data. The system provides for standard formatting of the data
thereby facilitating ready exchange, ease of processing and archiving. Data
in appropriate format may be made available to different users at a much
faster pace. Approximately 100 countries now use CLICOM software to
process climate data. They assist their national governments, industrial
firms and other users in a more effective and timely manner. On the basis
of experience gained, the CLICOM system is being continually reviewed. A
new CLICOM 3.0 version is being evaluated.
The next phase of CLICOM will develop software modules on a wider variety
of climate applications. This is intended to help activities related to agriculture,
water resources, energy, transportation and urban development. A Tropical
Urban Climate Experiment (TRUCE) is being designed which will study the
impact of climate on urban areas. A CLICOM compatible statistics software
package, INSTAT, especially adapted for climate work, and special software for
solar - and wind-energy applications are in use in several projects. The
CLICOM system will also benefit the Climate Applications Referral System
(CARS) which is being continuously updated in new areas of applications.
WMO has actively pursued its support to the system which is being continuously updated. About 40 CLICOM systems have been provided through
VCP, UNDP or Trust Funds. Extensive training on the hardware and the
software has been organized. The introduction ofthe CLICOM system has
enhanced the capability of the Meteorological Services to respond to some
of the national requirements for climate data for sound economic planning.
Data Rescue (DARE) Project
Facilities for data storage and retrieval are inadequate in many countries.
Most countries still have weather data on hard copy which dates back often
to the turn of the century or before. Retrieving information from old records
is often time consuming. Plans have been drawn up to rescue climate
records in Africa, and to transfer them onto durable microfilms and
microfiche with funds being provided by Belgium and UNEP. So far data
from some 30 countries in Africa have been filmed. It is proposed to extend
12

this activity to other parts of the world. A basic aim of this project is to provide microfilming equipment to each Service and train the staff to ensure
continuity of operation. As a follow-up, it is proposed to digitize all available data for ease of processing.

Other projects
In the context of the World Climate Programme, WMO has developed several other projects which contribute in an effective manner to the transfer
ofknow-how and technology.
WMO has recently built a computerized data-base management system to make more efficient use of a global climate referral system known as
INFOCLIMA. It is now used as a reference guide for climate research.
Under its World Climate Applications and Services Programme
(WCASP), WMO is encouraging the use of climate information for food production, water resource management and energy. Planning for the use of
energy resources, especially wind and solar energy, is becoming crucial in
light ofthe growing need for environmentally sound energy sources. WMO
has organized many seminars on these subjects so that available knowledge
is placed at the disposal of all its Members.
The impacts of climate change have been the subject of great concern
among decision-makers and the population at large. In order to assess their
impact and to develop adequate response strategies to climate change,
WMO has been collaborating closely with UNEP and other national and
international organizations. Expert group meetings and seminars that
focused attention on the interactions between climate and a number of
other phenomena, such as, the El Nifio-Southern Oscillation (ENSO),
droughts and desertification have been organized.
Climate research on a global scale
The research component of the WCP, namely, the World Climate Research
Programme (WCRP) is currently co-ordinating the work of a number of UN
agencies. Of particular interest are the WCRP sub-programmes on Tropical
Oceans and the Global Atmosphere (TOGA), a Global Energy and Water
Experiment (GEWEX) and a Joint Global Ocean Flux Study (JAGOFS).
TOGA is currently producing interesting results on the physical causes of
the ENSO. This provides background to the study of atmospheric signals
under a new WCRP co-ordinated Project on Climate Variability and
Predictability (CLIVAR). It is intended to determine how much of the tropical atmosphere's natural variability is explained by an ENSO event. This
information will be useful for predicting monsoon rains and the incidence of
drought over the Sahel. GEWEX and JAGOFS are experiments to study
the water balance of the atmosphere. In particular, GEWEX is looking into
the dynamics of cloud formation. This study is relevant because clouds
modulate the radiative balance of the atmosphere affecting the climate in
a way which is still an undergoing research.
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The activities under this programme percolate down to other climate
programmes ofWMO and contribute to an improvement in the understanding of the various atmospheric processes that produce the climate we know.

Atmospheric Research and Environment Programme (AREP)
The Atmospheric Research and Environment Programme (AREP) provides
for the establishment of an observation network, for the monitoring of the
composition of the atmosphere and its physical processes, and for research
in weather prediction, tropical meteorology and weather modification. The
Programme enables Member countries to monitor their own environment,
exchange relevant data with others as well as participate in global research
efforts and benefit from the application of the results.
Each of the four components of the Programme is discussed briefly in
the context of contribution to the transfer of know-how and appropriate
technology.

Global Atmosphere Watch (GAW)
The purpose ofGAW is to provide a data set for studying atmospheric structure, especially the profiles of greenhouse gases. A network of observing
stations is being set up for this study. GAW is an enhancement ofthe WMO
programmes on monitoring atmospheric ozone (G0 3 0S) and Background
Air Pollution (BAPMoN). The GAW network will assist countries to assess
the risk of ozone depletion, the level of pollution due to emissions from
industry and to monitor greenhouse gases.
Considerable concern exists on the destructive potential of chlorofluorocarbons (CFCs) and other gases on the ozone layer of the atmosphere. A
reduction in stratospheric ozone will have adverse repercussions on community health and welfare, so attempts are being made to phase out the
manufacture of these gases by industries. A Global Environment Facility
(GEF) under the joint management ofUNDP, the World Bank and UNEP
is to provide funds for establishing seven new GAW stations in developing
countries. A project on Global Monitoring of Greenhouse Gases has provisions for equipment and training for this purpose.
Weather prediction research
Weather prediction by numerical methods has made rapid strides in recent
years. Several developed countries are now able to predict the movement
of different weather systems, especially rain bearing systems, several days
ahead. To assist other services in acquiring this capability WMO organizes
regularly seminars and conferences. Scientists from developing countries
have the possibility of undergoing training at advanced centres. For example, the British Meteorological Office have established a desk for the
Mrican Centre of Meteorological Applications for Development (ACMAD) to
enable scientists from the Centre to work with the modellers and forecasters at Bracknell. Many others, including the French Meteorological
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Service, collaborate with ACMAD. In turn, the Centre provides forecasters
of national Meteorological Services the opportunity for further training.
Similar opportunities are provided by the United States Meteorological
Service in Washington for the countries of Central and Southern America.
The ASEAN regional centre based in Singapore will provide similar facilities to participating countries.

Tropical meteorology research
Most of the developing countries are located within the tropics, so tropical
meteorology is a subject of much interest to them. The research activities
under this programme include tropical cyclone and other rain bearing systems. Scientists from many parts of the developing world develop , organize
and conduct field experiments on many tropical systems. WMO collaborated with the Economic and Social Commission for Asia and the Pacific
(ESCAP) to organize experiments on tropical cyclone forecasting over the
Pacific North-west . Earlier, the West African Monsoon Experiment
(WAMEX) was successfully carried out and a data set in the form of a
WAMEX Atlas has been published by WMO. The failure of the monsoon
rains in West Africa had led to severe famine in the Sahel in the 1970s, and
the severe droughts in Southern Africa in 1992 resulted in the decimation
of cattle and severe hardship to the people in that part of the world.
The importance of monsoonal rains for agriculture and hydrology in
Asia is well recognized. To strengthen research on seasonal rains WMO has
set up Activity Centres in different countries within the region influenced
by monsoons. These are examples where the national Services are intimately involved in and participate in all topics related to tropical
meteorology research ranging from conception of such experiments to analysis and application of the findings to socio-economic activities.
Physics and chemistry of clouds
WMO is encouraging research in this area in view of the possibility of
increasing rainfall by weather modification. A "Register of National
Weather Modification Experiments" is prepared regularly. Many countries
are known to undertake precipitation enhancement activities. However,
the involvement of the national Services varies considerably from one country to another.

Applications of Meteorology Programme (AMP)
The major activities of this Programme are grouped under the following:
• Agricultural meteorology,
• Aeronautical meteorology,
• Marine meteorology and oceanographic activities, and
• Public weather services.
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Agricultural meteorology
As in other areas of activity, WMO arranges a number of workshops and
seminars in which participants from the developing countries are able to
interact with experts from the developed world. The subject areas covered
include training on CLICOM and INSTAT software, soil-water balance,
meteorological information in forest fire management, and on the planning
and management of water for sustainable irrigated crop production.
Practical training is also provided at seminars by WMO experts on different
aspects of water resource management.
WMO collaborates with other agencies in organizing training events
in order to draw on multidisciplinary expertise. The workshops and seminars contribute significantly to transfer of technology through discussions
with experts and sharing of knowledge.
Further assistance is being provided by WMO to developing countries
by technical publications. In this context, a "Glossary of Agrometeorological
Terms" in three languages gives practical advice on how to combat locusts
and other pests. A guide for the INSTAT software package has been published in English, French and Spanish. Similar publications as well as
didactic materials in other areas of agricultural meteorology have also been
developed.

Aeronautical meteorology
Two important developments have had an impact on transfer of technology.
In earlier times pilots used to inform the meteorologist about the actual
winds and weather encountered by them through the nearest air traffic control or by reporting to the nearest meteorological office after landing. These
reports known as AIREPS are not readily available. The Aircraft-toSatellite Data Relay (ASDAR) system gets round this difficulty by providing
daily reports. At the end of 1991 four ASDAR units were in service, each
unit providing about 100 reports daily, including landing and take-off profiles of winds and temperatures.
Apart from ASDAR, VHF links are now used to automate transmission of data to aircraft. The International Civil Aviation Organization
(ICAO) plans to use Automated Dependent Surveillance (ADS) of aircraft
by satellites. ADS messages will contain data on upper winds and temperatures. By 1995 nearly 350 ADS-equipped aircraft are expected to become
operational.
These developments are supported by training courses in such areas as
aeronautical forecasting techniques, and weather hazardous to air navigation.

Marine meteorology and oceanographic activities
Apart from its own programme, WMO is collaborating with the Intergovernmental Oceanographic Commission (IOC) in this area. The
important developments are:
16

Although Hurricane Andrew caused over US$20 billion in damages in the United States and parts of the
Caribbean, relatively few lives were lost due to improved forecasts, early warnings and increased public
awareness. Satellite photo shows Hurricane Andrew, 1455 UTC on August 24, 1992, entering the Gulf
of Mexico after striking the Bahamas and southern Florida (ESAIEUMETSAT).
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Left: On top of Mount Everest in the Himalayas,
hydrologists weigh snow to determine its water
content. (Credit: Dept. of Hydrology and
Meteorology, Nepa~.
Below: Modern flood-mapping equipment are
used to determine which areas are the most
likely to be flooded during rain storms in
Jamaica. (Credit: Medardo Molina).
Top right: Traditional technologies are still widely
used. In the Central African Republic, local
technicians are trained by a United Nations
Volunteer-specialist under a WMO/UNDP
agrometeorological project. (Credit: Victor
Ratovoharison).
Bottom right: Modern technologies are essential
to the meteorological and hydrological services
of developing countries. To ensure their continued performance, technicians are being trained
in their operation and maintenance. (Credit: UK
Meteorological Office, Bracknel~ .
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• An Integrated Global Ocean Services System (IGOSS). The first
"IGOSS Products Bulletin" was produced recently.
• A new Global Ocean Observing System (GOOS). This system will
have close links with the WCP. It will also develop plans related to
marine pollution and biology.
• Distribution of meteorological forecasts and warning under the
Global Maritime Distress and Safety System (GMDSS) of the
International Maritime Organization (IMO). This uses system
designed by the International Maritime Satellite Organization
(INMARSAT).
Steps are being taken to compile ships meteorological reports for
studying climate. Data banks are being created for global digital data on
sea-ice and new quality control measures are being initiated for drifting
buoy data. The Member countries benefit primarily from the services provided by the systems which are put in place. However, efforts are under
way to introduce training courses at Regional Meteorological Training
Centres and in encouraging participation in these activities.

Public weather services
As from 1992, public weather services is being added to this programme as
a new component. This will relate to:
• Formulating the format and content of forecasts and warnings,
• Techniques for presentation and dissemination of information, and
increasing education and public awareness,
• Exchange and co-ordination of hazardous weather information
between neighbouring countries.
The Applications of Meteorology Programme provides considerable
opportunity for transferring know-how in traditional fields like aviation or
in rapidly evolving ones like public weather services.

Hydrology and Water Resources Programme (HWRP)
The overall objective of the Programme is to ensure the assessment and
forecasting of the quantity and quality of water resources both for different
sectoral uses and for hazard mitigation. In order to achieve this objective,
the Programme comprises three mutually supporting components which
also provide support to hydrological elements embedded in several other
WMO Programmes such as those related to tropical cyclones and climate.
Over the years, the Programme has not only encouraged the development of scientific, technological and technical know-how, but also devoted a
considerable part of its efforts toward devising ways and means of transferring them to developing countries either through direct transfer in the form
of software and training or through encouragements and advice through the
large number of international bodies and regional commissions dealing
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with water. In reviewing the components of the Programme the relevant
parts related to transfer of technologies are highlighted.

Operational Hydrology Programme
The Programme provides the basis and framework for all scientific and
technical aspects ofWMO's activities in operational hydrology. It supports
the Hydrological Services in their activities related to observation and
instrumentation, collection and processing of data (including data on quality
and quantity ofboth surface and groundwater), hydrological forecasting and
the development and improvement of relevant methods, procedures and
techniques. An important element of this component that relates to transfer
of technology is the Hydrology Operational Multipurpose System (HOMS)
Hydrological Operational Multipurpose System (HOMS)
The capacity-building of Hydrological Services in the developing countries
remains a major objective of the Hydrology and Water Resources
Programme. The referral system known as the Hydrology and Operational
Multipurpose System (HOMS) developed by WMO has been highly successful in the transfer of information on operational hydrological techniques
and the assessment of water resources.

Growth of Transfers of HOMS Components
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A HOMS component was used to make a slope-area discharge gauging on this steep wadi on the
Tihama Plain in Yemen. (Credit: Chris Green)
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The components of HOMS consist of tried and tested techniques for
hydrological operations and water resource management. They help
hydrologists in national hydrological or water resource institutions for practical operations in their countries. HOMS provides a library of techniques
from which a selection can be made. A wide range of topics in operational
hydrology ranging from the design of networks to modelling, forecasting
and water-resource systems are covered by HOMS.
The System is organized in the form of a network of over 100 HOMS
National Reference Centres. They are established by Member countries of
WMO in their water management institutions. Copies ofthe HOMS reference manual are available to them and they can select the techniques best
suited to their problem. This manual is now widely used by developing
countries. A few examples where the manual has provided guidance and
help are cited:
(a) A request was received from India for a guide to slope-area discharge gauging in mountain rivers. A technique developed in the
United Kingdom (UK) was identified and made available. This
technique was later supplied to several other countries such as
Yemen, Poland, Yugoslavia, Lesotho, Indonesia and Mauritius.
(b) Cuba requested a method for determining the daily mean discharges using the rate of change in stage which was supplied by
Hungary. Another request on determining the mean area precipitation by triangular grids was supplied by India.
These examples illustrate how useful HOMS has turned out to be for
the transfer oftechnology to developing countries. These countries are saved
the trouble and expense of devising computer programs for problems which
have been solved already by others. Mutual exchange of expertise in this way
has been beneficial to both developed and the developing countries. Some
idea of the number of transfers from HOMS is provided by the adjoining
figure. The increasing trend in the number of transfers is noticeable.
Transfer of hydrological forecasting techniques is an essential component of efforts related to:
• Food and energy production,
• Water resources management,
• Protection of water sources and the environment,
• Forecasting and mitigation of natural hazards (droughts, floods and
heavy precipitation caused by tropical cyclones), and
• Impact of hydrology on different components of the climate system.
The HOMS provides components related to hydrological modelling for
the optimization of the use of water resources and the intercomparison of
models for selecting the best one for a specific problem.
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Programme applications and services to water resources
The objective of the programme is to ensure the effective application of
hydrological and related data to hydrological projects and for the protection
of the environment. Apart from training, the transfer of know-how and
technology in the context of the programme is provided through HOMS.

Co-operation with water-related programmes of other international organizations
WMO takes the lead jointly with UNESCO in international activities
related to water resources assessment. However, a large number of other
international organizations, regional water Commissions and non-governmental regional and international organizations deal with various aspects
of water. Co-operation with these bodies is essential in order to ensure the
use of internationally agreed terminology and standardization in the practice of observation, processing and interpretation of hydrological
information. In this regard the programme ensures that appropriate knowhow and technologies are available to all concerned with the use and
preservation of fresh water.

Summary
Each ofWMO's Programmes rely on standardized practices the world over.
This reinforces the spirit of international co-operation and the consequent
acceptance of the transfer of technology as an essential component of the
programmes through:
• Seminars and meetings which provide exposure to modern techniques,
• Provision of referral systems such as HOMS,
• Data-related projects such as CLICOM, DARE and INFOCLIMA,
• Distribution of data and information within the regional and global
networks, e.g., WWW, GAW,
• Introduction of new techniques and technologies ASDAR.
Clearly, much has been achieved, but this progress needs to be merged
with a new strategy for sustainable development.
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CHAPTER 3

MECHANISMS FOR THE TRANSFER OF TECHNOLOGY
WMO, within its mandate, has a primary role to play in the transfer oftechnology in its area of responsibility through appropriate institutional
mechanisms as well as its regular programmes especially the Technical Cooperation and Education and Training Programmes.

Technical commissions
The constituent bodies ofWMO which are responsible for defining the policies and the programmes to be implemented within the framework of the
Organization play a leading role in ensuring that the technologies developed by Members are publicized and made available to other Members
using various approaches. In particular, the terms of reference of technical
commissions include matters related to transfer of technology and as such
they constitute the most appropriate fora for reviewing technological progresses and proposing ways and means for their development, and
dissemination to Member countries. This is particularly valid for the basic
Commissions on Instruments and Methods of Observations (CIMO), on
Basic Systems (CBS), for Atmospheric Sciences (CAS) and for Hydrology
(CHy) and the applications Commissions namely those for Climatology
(CCl), Aeronautical Meteorology (CAeM), Agricultural Meteorology (CAgM)
and Marine Meteorology (CMM).

Regional specialized centres
The establishment and operations of world and regional meteorological centres contribute fully in fostering the transfer of technology related to
meteorological innovations and products. The recent establishment of
regional specialized meteorological centres dealing with particular areas
such as Tropical Cyclones, Drought Monitoring and Meteorological
Applications to Agriculture has also led to improved services for economic
development sectors in the relevant sub-regions. Examples of this kind are
the African Centre of Meteorological Applications for Development
(ACMAD) established by the United Nations Economic Commission for
Africa (UNECA) in Niamey, Niger, the Association of Southeast Asian
Nations- ASEAN Centre, and the Drought Monitoring Centres in Nairobi
and Harare for the Eastern and Southern African countries.

Technical Co-operation Programme
The WMO Technical Co-operation Programme has fostered all along the
transfer of technology from developed to developing Members of the
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Organization essentially through the Voluntary Co-operation Programme
(VCP), projects funded by the United Nations Development Programme
(UNDP), Trust Funds Projects as well as regular budget supported activities mainly in the area of training. The assistance provided has been
geared towards :
(a) The improvement of the observation, telecommunications and dataprocessing facilities through the implementation of the World
Weather Watch Programme, using the most recent technologies
(satellite picture receiving stations and telecommunication facilities, weather radars, message-switching systems, upper-air
sounding facilities, data processing hardware and software);
(b) The improvement of meteorological and hydrological applications
software for climatology, agriculture and other user sectors (CLICOM, INSTAT, HOMS);
(c) The beneficial use of results from experimental programmes in various areas (Mali pilot project within the framework of the
AGRHYMET Programme);
(d) The development oftraining capabilities in the regions through the
strengthening of Regional Meteorological Training Centres
(RMTCs) and universities and the sharing of didactic material.

TCDC and regional economic organizations
WMO has also fostered Technical Co-operation among Developing
Countries (TCDC) and encouraged the various economic groupings to
develop and implement joint meteorological and hydrological programmes
with a view to maximizing the human and financial resources available in
the regions. In this connection, several sub-regional organizations in Mrica
like the Southern African Development Community (SADC) and the
Economic Community of West Mrican States (ECOWAS) as well as those in
Asia and Central and Latin America have included meteorology and hydrology as areas of co-operation in their activities. This has encouraged the
development oflocal facilities including those related to the manufacturing
and maintenance of technical meteorological equipment.
The six regional associations in Africa, Asia, South America, North
and Central America, South-West Pacific and Europe all help to bridge the
gap between nations through co-operative efforts, meetings, workshops,
sharing of experiences and expertise as well as technologies.

Facing page:
Meteorological forecasting in developed countries depends on highly advanced technology. The hydro·
logical and Meteorological Services in developing countries have similar requirements, making these
disciplines particularly dependent on effective technology transfer (Credit: Crown)
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Education and training in capacity building
The and Training Programme ofWMO assists Member countries in capacity-building. The Programme supports the education and training activities
of Members. In particular, it provides for:
•
•
•
•

Fellowships,
Regional Meteorological Training Centres,
Training courses, seminars and workshops, and
Training manuals and publications.

Fellowships
Fellowships are an effective means ofbuilding a cadre of trained manpower
in the developing world. A little over 400 fellowships were awarded in 1991.
The bulk of the fellowships were of short duration (less than 12 months), but
about 20% of them were oflong duration (exceeding 12 months).
The WMO Fellowships are supported by funds received from the following sources:
•
•
•
•

United Nations Development Programme (UNDP),
Voluntary Co-operation Programme (VCP),
Trust Funds (TF), and
The Regular Budget (RB).

Most of the fellowships are provided by UNDP and the Voluntary Cooperation Programme of WMO. The total expenditure on fellowships in
1990 was a little over US $4.2 million. The contributions to the Voluntary
Co-operation Fund (VCP-F) from 13 donor countries was about
US $390,000. The total sum available at present is US $8.48 million- an
inadequate amount given the growing demand for training in a large number of areas of specialization.
It is interesting to see how the trained manpower under Fellowships
is utilized after the return of the Fellows from training. Statistics for the
five year period (1985- 1990) show that nearly 80% of all trained personnel
are employed by the national Meteorological and Hydrological Services. Of
this number about 40% were employed at a higher level than what their
positions were before training. About 12% of the remainder found employment in organizations closely related to meteorology and hydrology. The
evidence does suggest effective utilization of manpower trained by WMO
Fellowships. Most of the fellowships are awarded to young scientists and
technicians from Africa and Asia. The WMO support was pronounced satisfactory by a great majority of the countries.

Regional meteorological training centres
Regional meteorological training centres (RMTCs) represent another
facility for spreading education and public awareness. There are at present
17 Regional Meteorological Training Centres. WMO support was made
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available to these centres by way of training material and publications.
Financial assistance is provided to some centres to enable instructors to
attend seminars and workshops related to training activities. Some support is also provided by different Member countries on an ad-hoc basis. The
regional meteorological training centre (RMTC) at Costa Rica, for example,
was assisted by the Government of Finland through the Finnish
International Development Agency (FINNIDA) Project for the rehabilitation and improvement of Meteorological and Hydrological Services of the
Central American Isthmus.
The RMTC at Costa Rica took part in the research and observational
programme on a total solar eclipse on July 11, 1991. It is also doing valuable work on the El Nifio - Southern Oscillation (ENSO). The interest
generated by this phenomenon in scientific circles was communicated to the
public by popular articles and a meeting with experts from the University
of Costa Rica. In collaboration with the Central Institute for Geophysical
Research at the University, the Centre also manages a Satellite Image
Receiver. These activities help to spread public awareness of the environment apart from providing formal training in meteorology and hydrology.
During 1991, 14 ofthe 17 WMO regional meteorological training centres
(RMTCs) continued to impart training to personnel not only from their Region,
but also to staff from other Regions. Anew 4-month course on data processing
was introduced at the RMTC in Nairobi, for example. The course was
attended by students from Southeast Asia and the Middle East in addition
to students from Africa. The computing facilities at this Centre were recently
upgraded to provide better exposure to new data processing techniques.
The RMTC in Nairobi introduced a new Diploma Course in Hydrology
in September 1991. This course was developed by WMO with assistance
from Belgium, Germany, Ireland, Italy, UK, USA., UNESCO and UNDP,
along with support from the Government of Kenya.

Training courses, seminars and workshops
These training courses have been well received especially in the developing
world. During 1991, a little over 700 persons took part in 26 training
courses organized by WMO in 23 different countries. WMO has jointly supported 26 training courses, seminars and workshops organized by member
countries and national institutions.
Training manuals and publications
The training manuals prepared by WMO have been most useful in imparting
scientific and technical know-how. They contain lecture notes for different
categories of personnel that have been prepared by experts. A feature of the
training material is to set questions that will enable the students to make a
scientific appraisal of different scenarios. The importance of observations and
their analysis is stressed, since many educational institutions tend to overlook
the overriding role of observations in meteorology and hydrology.
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Training manuals are periodically revised and translated to the other
working languages of WMO. More than 30 publications have been produced and are supplemented by more than 200 video films and over 5000
slides. They are available from the WMO Training Library to Member
countries and training institutions up on request.
Of the different subjects in which training was provided, there is a large
demand for training in computer oriented projects. This augurs well for the
future because some developing countries are beginning to invest in super
computers and other advanced forms of information technology. Graphics in
colour add to the attraction of computers. But, investment in computers must
be compatible with the requirements of the task to be performed.

Raising public awareness and improving communication
"The only way we can work for the common cause, for the common interest to improve our conditions is through communication."
Gro Harlem Brundtland
Prime Minister of Norway.
Effective action towards changing the behaviour of people in safeguarding and protecting our environment depends largely on a sound
communication and public awareness strategy. Within this context, a better understanding of the role of technology transfer and information
exchange is essential. Potential "catalysts for change" include not only
those who influence key decisions about sustainable development priorities
such as political leaders, legislators, economic and social planners, international and non-governmental organizations and the mass media but also
those practitioners within the scientific community itself.
In the field of meteorology and operational hydrology, meteorologists,
climatologists, hydrologists, environmental engineers and other scientists have
a pivotal role to play in helping to set the public agenda and in influencing
environment and development priorities at national and international levels.

Improving communication
Communication encourages dialogue and active participation among those
involved in this process. Constant feedback among all sectors of society
from grassroots groups to the highest levels of government must be a guiding principle of any public awareness effort. During the 1990s and possibly
beyond, with ever-increasing demands on scarce human and financial
resources, all development sectors, including the scientific establishment
will have to improve their capacities to strengthen information exchange
among the producers and end-users of information, as well as the transfer
of appropriate and relevant technologies for sustainable development.
UNCED's Agenda 21, the Rio Declaration on Environment and
Development, the Framework Convention on Climate Change and other
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major instruments signed during the Rio Earth Summit in 1992 all conveyed
the same underlying messages: that science-based information is crucial to
policy formulation, and that public awareness efforts must be focused towards
special user groups such as politicians and other key decision-makers, nongovernmental organizations, the mass media, children and youth.
Despite signal evidence to the contrary, the availability of reliable data
and authoritative scientific information on which sustainable development
is based is often taken for granted.

Alerting the public on emergency preparedness
As politicians, key decision-makers and the general public increasingly
depend on scientific and technical experts to act as catalysts for change,
there is a need to respond with urgency to help solve current and potential
environmental problems. The issuance of timely information through the
mass media and by means of effective communication tools will serve as
alarm bells that can alert the world to problems before crisis situations
develop. The role of Meteorological and Hydrological Services is crucial in
environmental emergencies, in alerting populations of impending natural
and man-made disasters. Lessons have been learned from a number of
tragic national or international environmental accidents in recent history
which could have been avoided or minimized had early warnings and forecasts been issued and had effective communications tools been utilized.
Following the Chernobyl nuclear incident, for example, the United Nations
family of organizations moved quickly to establish a more reliable warning
system than the one that had been in place before the disaster struck.
Using appropriate communication technology
To improve public awareness, it is important to use a variety of adaptable and
appropriate communication technologies that are within reach of as wide an
audience as possible Information has to be properly packaged to make it
comprehensibel to those who may not have the required level of education
and sophistication to absorb and use the technical materials on which it is
derived. Environmental education, training and capacity-building projects
should take advantage of communication media and tools to inform, motivate
and train target audiences. However, special care must be given to take into
account the literacy level, social and cultural practices, available facilities and
resources of the specific users to which they are addressed. In some cases,
a blackboard or person-to-person dialogue is the most appropriate method of
communication. Various technologies can be used to effectively convey
messages and information, including audio-visuals, videofilms, radio and
television programmes and multi-media presentations.
Colourful and dramatic slide and filmstrip projections, posters and
billboards help to bring alive the technologies and issues affecting the environment. Inter-active multi-media technologies now exist which combine
the vivid imagery oftelevision with the power of personal computers, allow31

ing the viewer to be "transported" to project sites and locations, thus
enabling choices to be made and showing the possible consequences for the
environment.
Successful case studies or country experiences involving technology
transfer in the fields of meteorology and water resources abound and should
be shared among developed and developing countries and between various
user groups. The case study of Mali, which has been referred to earlier, is
a successful application of technology transfer using radio to communicate
agrometeorological information to groups of farmers. This illustrates how
a simple communications tool can be used to improve public awareness and
to involve farmers in project implementation while at the same time
resulting in increased crop yields and agricultural production.

Co-operating with media and academic institutions
Co-operative relationships with the communication media, with the formal
and non-formal education sector, with non-governmental organizations,
with women's and youth groups which are active in the environmental
movement could contribute to the success of public awareness efforts.
Information and communication campaigns on specific topics such as the
use of technologies, including hydrology, meteorology and technology transfer are effective channels for generating public interest and help to create
the necessary political will. The hydrometeorological community could
improve their contacts with local science and environmental correspondents
through the organization of media seminars and journalists' roundtables
held around specific themes and during special celebrations to mark important events such as World Meteorological Day, World International Decade
for Natural Disaster Reduction Day and the World Day for Water. Articles
on new-found technologies and significant research findings in meteorology
and operational hydrology should be written in a non-technical language for
placement in newspapers, periodicals and popular journals, as well as for
use in radio and television broadcasts.
Preparing tomorrow's scientists
The environmental movement has caught the imagination of schoolchildren
and youth in many countries. The concepts of technology transfer, of sharing experiences and exchange of information on meteorology and
operational hydrology must be taught early. However, existing educational
curricula in most primary and secondary schools have not yet paid enough
attention to the geosciences nor have environment and sustainable development concepts been introduced properly in the classrooms. There is a need
for increased collaboration between the scientific community and professionals in educational institutions to ensure that the meteorologists,
climatologists, hydrologists, engineers and other scientists oftomorrow will
be better equipped to deal with our changing world and the environmental
stresses of the future.
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CHAPTER4
Transfer of Technology: Options for
the future
"In the middle of the twentieth century, we saw our planet from space for
the first time. Historians may eventually find that this vision had a
greater impact on thought than did the Copernican revolution of the sixteenth century, which upset humans' self-image by revealing that the
Earth is not the centre ofthe Universe. From space, we see a small and
fragile ball dominated not by human activity and edifice but by a pattern
of clouds, oceans, greenery and soils."
[From "Our common Future" by the World
Commission on Environment, 1987].
Looking back over the years, the achievements in meteorology and hydrology using satellites seem incredible, and there is good reason to believe that
further improvements will take place in the years to come. Space-based
observing platforms are considered an unparalleled option for the future.
Currently, many developing countries are not directly involved with the
space-based segment of satellite technology, but in the future, more of this
technology will be passed on to the developing world.
Both meteorology and hydrology lean heavily on innovations in information technology. Thus, large main-frame computers could become a
necessity on a regional scale. Developing countries have sought a larger
flow oftechnology for many years. However, there is a need for countries to
generate endogenous technologies and adapt available technologies to suit
their national and regional interests. WMO is doing all that it can to help
the developing countries acquire the necessary know-how for the benefit of
humanity. Capacity-building has an important role to play in this area, and
the services oflarge referral systems, such as HOMS and INFOCLIMA are
examples of what could be achieved on a larger scale in the future.
It is being increasingly realized that the achievement of sustainable
development would require the effective support of Meteorological and
Hydrological Services of the world which provide vital information on the status of the environment and offer possible options for amelioration on changes
that might be irreversible. The co-operation among the meteorological community provides a model for such global co-operation in the area of environment.
Technology transfer will be closely linked to the energy options for the
future. As we can see, this depends on increasing the production ofbiomass
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and increasing the efficiency ofbiomass combustion. To reduce carbon dioxide emissions, a sustainable plan for biomass production will be needed.
This, in turn, implies more careful management of forest resources and
non-renewable fossil fuels. Other energy options by way of solar and wind
energy, and more efficient use of renewable fuels will become necessary.
Some of these measures may need legislative action by Member countries ofWMO. Nevertheless, the programmes ofWMO will undoubtedly
continue to encourage and support development plans that are sustainable.
Co-ordination between the U.N. agencies and national governments will
assist in achieving this objective.
In the future, techniques for detecting changes in the environment will
be necessary to ensure that proper corrective measures are taken at an early
stage. As new technologies develop, it is likely that other problems will
appear. The capacity to watch and monitor the environment from space, as
well as from the ground, must be improved to ensure that human-induced
disasters are reduced. Innovative digital communications and advanced
information technology could help to provide a better global coverage in future.
Finally, plans for sustainable development will need a stronger scientific base. This can come about by more resource mobilization, education
and human resource development. Coupled with accountability, scientists in
the developing countries will need more freedom to innovate and seek solutions to the problems of the environment. Scientists in both the developing
and the developed countries should work together to meet the challenges of
the future.

Technology transfer and sustainable development
There are many different aspects of long-term planning for sustainable
development which require an increase in the pace of technology transfer
from the developed to the developing countries. In broad terms, the
requirements are for:
• Better exchange of knowledge on the environment,
• Environmental data collection,
• Research programmes in relevant scientific disciplines, and
• Training and education.
WMO collaborates with different agencies of the U.N. system to
achieve these objectives. However, of special relevance to WMO are activities related to:
• Protecting the atmosphere,
• Natural disasters mitigation,
• Management of fragile ecosystems : combating desertification and
drought,
• Sustainable agriculture and rural development,
• Protection the marine environment; oceans and coastal regions, and
• Protection of fresh water resources.
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In addressing these issues a number of scientific problems are likely
to be encountered. Their satisfactory solution would require increasing
commitment from all Member states and the corresponding transfer of
know-how and appropriate technologies.

Protecting the atmosphere
The major thrust for WMO in this area includes:
• Addressing uncertainties for improving the scientific basis for decision-making,
• Promotion of sustainable development in energy,
• Monitoring of stratospheric ozone depletion and assisting in policy
making, and
• Monitoring oftransboundary air pollution and assisting in control.
A few examples in each area will be considered.

Addressing the scientific uncertainties
There are certain factors in the climate system which are not yet well
understood. The impact of clouds on the earth-atmosphere radiation budget is such an example. Clouds absorb infrared radiation emitted by the
earth, but they also cutoff short-wave solar radiation because of their high
reflective power. It is not clear whether the impact of clouds is one of warming by absorption oflong wave radiation, or cooling by reflection short wave
solar radiation. To help to resolve this dilemma, WMO has recently brought
out an Atlas of International Cloud Satellite Pictures. A U.S satellite is
conducting an Earth Radiation Budget Experiment (ERBE) and it is hoped
that this would be a further step forward. An interesting result that has
already emerged suggests that in the tropics the warming and cooling components balance each other. This will have an important bearing on climate
models of the future. Better ways and means of observing and assessing
these elements should therefore be developed.
Energy deveiDpment
Current estimates suggest that the stabilization ofthe concentrations of the
major greenhouse gases at the present level will require the reduction of
about 50% of current carbon dioxide, nitrous oxide and CFC emissions and
15 to 20% of methane emission. The major problem is how to reduce these
emissions and still maintain a reasonable pace of economic growth which
demands more energy. Moreover, the reduction of carbon dioxide emissions
is an expensive process.
Increased use of biomass fuels such as forest residues, agricultural
wastes, by-products from paper and pulp and sugar industries as alternatives to fossil fuels is being seriously considered in several countries.
In many situations it is possible to contain the emission of other
greenhouse gases, if the C02 emission could be reduced. Liquid biofuels, such
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as, ethanol, are derived from sugar cane in Brazil and Zimbabwe and from
corn in the United States. If we consider the energy needed to produce sugar
cane or corn, and the subsequent conversion to ethanol, then the carbon
dioxide emissions are estimated to be 37% less than emissions from diesel
engines.
There are other areas where energy could be developed with a reduction in emissions. Switching from coal to high efficiency natural gas fired
power plants reduces emissions and provides larger profits. A wide variety
of technologies exist which provide the same service but use much less
energy (Mills et al., 1991, Riedacker, 1992). These include efficient light
bulbs, refrigerators and fuel efficient vehicles.

Stratospheric ozone depletion
There is increasing recognition of the dangers posed by stratospheric ozone
depletion, especially over the Antarctic and adjoining land masses.
Monitoring the ozone content of the atmosphere is thus a basic requirement. For the past two years, WMO has arranged the distribution of
information on the state of the ozone layer on the GTS telecommunication
links of the WWW. This was done for the period August to November. The
ozone hole was found to be the deepest in October of 1992. Special warning
messages were sent to Member countries in the neighbourhood of the ozone
hole about the current dangers of ozone depletion. Realizing the importance of this problem, WMO arranged an intercomparison of ozone sondes
in Canada during May 1992. This enabled scientists to assess the precision
of their measurements on a sound scientific basis, but to understand the
factors that cause the Antarctic ozone hole we need more modelling effort to
simulate the Antarctic stratosphere.
Transboundary transport of air pollution
On the question oftransboundary air pollution, the most important challenge
in 1991 was the Gulf war and the Kuwait oil fires. The release of pollutants
was on an unprecedented scales from more than 600 oil wells which were
ablaze in Kuwait. It was feared at one time that many rainbearing winds
such as the summer monsoon rains over Asia might be affected but,
fortunately, this did not happen. In the context of this catastrophe, WMO
accepted responsibility for a UN Inter-Agency Action Plan to assess the
environmental impact of the Kuwait oil fires. A meeting was convened with
54 experts from 14 countries in April1991 to initiate action towards repairing
the damage. As a generous response to their effort, the network of observing
stations and the telecommunications system of the Kuwait Meteorological
Service was quickly restored. The subsequent data were transmitted by a
data-collection platform (loaned by a commercial firm) and the METEOSAT
geostationary satellite. The data were fed into the Global Telecommunication
System (GTS) for global exchange. Short term forecasts of the wind profiles
were provided by the Air Resources Laboratory of the USA, the Royal
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Netherlands Meteorological Institute and the Lawrence Livermore National
Laboratory of the United States. In addition, four research aircrafts made
systematic measurements ofthe smoke plumes.
These investigations provided valuable data to show how the plume
height varied with meteorological conditions. Its base varied from 300 m to
a height of 2 to 3 km. The optical depth of the smoke particles turned out
to be not as large as was initially feared. But the smoke absorbed about
80% ofthe incident solar radiation and reflected about 10%, thereby reducing surface temperatures near the oil fires.
The Kuwait oil fires and the earlier accidental release of hazardous
gases at Chernobyl focus attention on the need to model long range transport of pollutants. This needs data on meteorological conditions and other
features such as the gravitational settling of minute particles. The deflection of particles by mountain barriers is another problem.

Mitigation of natural disasters
Natural disasters cause considerable loss of lives and property every year.
Tropical cyclones are the most disastrous although other types of disasters,
such as, intense storms and volcanic eruptions are major threats. The violent cyclone that struck Bangladesh in April 1991 and the volcanic
eruptions of Mount Pinatubo in the Phillipines and Mount Hudson in Chile
have received wide attention. The extensive damage caused by these disasters have been well documented, so they will not be repeated here. The
type of decisions that are needed to minimize the loss of property and lives
will be considered instead.
Some disasters provide a lead time, albeit small, for initiating disaster
prevention, while others provide little or no lead time. Recent advances in
satellite technology usually provide us with a lead time of 3 to 5 days for
alerting the coastal population, but little or no time is generally available
for evacuation against a volcanic eruption or an earthquake. The WMO
Plan of Action for the implementation of the International Decade for
Natural Disaster Reduction (IDNDR) offers an appropriate framework for
enhancing the capabilities ofthe national Meteorological and Hydrological
Services in disaster preparedness and mitigation. WMO has also instituted
an Emergency Fund to assist Members in the event that their observing
networks have been destroyed by a natural disaster.

Fragile ecosystems: desertification and drought
While drought is a natural phenomenon, several factors lead to desertification. In general, most cases of desertification can be traced to lack of
suitable techniques in land management.
There are regions, such as northwest India and Pakistan where the
summer monsoon winds bring in considerable amounts of moisture which
is not converted to rain because an upper anticyclonic circulation inhibits
the ascent of air. Experiments seem to suggest that it should be possible to
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increase rainfall if the land was covered with vegetation so that its reflective power (albedo) is reduced.
The International Centre for Research in the Semi-Arid Tropics
(ICRISAT) is one of the lead agencies in this area and it has helped to focus
attention on this problem worldwide. In view of the alarming increase in
world population, any additional land that could be reclaimed by anti-desertification measures will be of benefit to mankind.
Long-range prediction of drought has some elements of uncertainty
but the search for meteorological teleconnections is being vigorously pursued. Some relief can be provided by better irrigation and land
management. Salination may also cause aridity. Parts of Mozambique, for
example, were once a major farming area, but today the land is arid
because of soil salination.

Sustainable agriculture and rural development
Desertification and droughts are closely linked to agricultural practices and
possible climatic changes. Climatic variability leading to persistent rainfall
deficiency need careful monitoring of possible cycles in rainfall. Thus, there
have been postulates of a 30 - 40 day rainfall oscillation in some parts of the
world, but it is difficult to demonstrate that these cycles contain a signal
which is larger than the natural variability of climate.
Of more immediate concern are improvements in agricultural
management and strategy for sustainable development. Many meteorological
centres in the developing countries maintain a crop-weather calendar which
tells the farmer the meteorological conditions best suited for an agricultural
operation. Probability forecasts of rainfall are also prepared and
disseminated. For rural development a national Meteorological and
Hydrological Service must use the best available means of dissemination
within the country. Radio broadcasts and transmissions on national television
channels are known to be the most effective means of bringing awareness to
villagers.
Evidence also suggests that lack of technical advice makes farmers
use more water than is necessary for agricultural activities such as rice cultivation. A large amount of precious water is thus lost through seepage and
percolation.

Protection of the marine environment: oceans and coastal regions
Following the accident at Chernobyl nuclear power station, WMO has
brought out a publication on the Hydrological aspects of accidental pollution of water bodies (WMO No. 754). This provides guidelines on the need
to protect the marine environment for sustainable development.
The Kuwait oil fires of 1991 provide another example of human intervention with the marine environment. The devastating oil spills were
reported to have destroyed a good part of the birds, fish and other living
organisms off the coast of Kuwait. The lateral spread of oil spills depend on
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meteorological conditions and the geometry of the coast. There were apprehensions at one stage that the oil spills may enter the Red Sea through the
straits of Hormuz. Fortunately, this did not happen. However, oil spills
pose a serious threat to the marine environment and every effort must be
deployed to minimize the effects.
As the heat capacity of the oceans is much larger than that of the
atmosphere, their response to movements in the atmosphere is much
slower. Thus, short term variabilities of atmospheric motion are largely
damped out, except in the upper layers of the ocean. The impact of global
warming of the atmosphere by the emission of greenhouse gases will thus
be much slower in the ocean.
There has been considerable speculation about a possible rise in sea
level by the thermal expansion of sea water and by the melting of glaciers.
Unfortunately, there are conflicting views because part of the observed
changes in sea level could be due to other causes. Tectonic movements near
the sea bed and the coast or changes in coastal geometry could be also
responsible for a change in sea level.
It has been suggested by Bakun (1990) that global warming could
strengthen alongshore winds. This could lead to upwelling near coastal
regions. As the surface waters are driven away by the alongshore winds, they
are replaced by cooler waters from the bottom. The effects of enhanced
upwelling on marine ecosystems is as yet uncertain (Kawasaki, 1991), but
this could intensify photosynthesis. The impact of this on the carbon
balance of the ocean-atmosphere system is not yet clearly understood, but this
could have an impact on fisheries and other living marine organisms. Clearly,
there is need for more frequent monitoring of the marine environment.
The International Geosphere and Biosphere Programme (IGBP) of
ICSU is intended to study the interactions between the biosphere and the
atmosphere. A network of monitoring stations is now envisaged under this
programme.

Protection of water resources
We cannot achieve sustainable development unless the world's water
resources are carefully preserved. This was repeatedly stressed at the
International Conference on Water and the Environment (Dublin, January
1992). Some of the features brought out by the Conference are:
• Less than 1 part in 100,000 of the Earth's water is available for
human use,
• Polluted water affects the health of some 1.2 billion people and contributes to the death of somel.5 million children under 5 years
every year,
• The availability and quality offresh water is closely linked to environmental changes, especially urbanization and deforestation.
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Fresh water resources are likely to be further depleted by the rapid
growth of population. The global population which was 2.5 billion in 1950
is expected to rise to 6.3 billion by 2000 AD, with a large percentage living
in the developing countries.
A plan for sustainable development must ensure that decisions on water
resources do not impoverish future generations. This implies not only
preserving the present resources of fresh water, but also careful planning to
avoid future stress. Two methods are used to evaluate development
alternatives. They are based on matrices or simulation models. Matrix
methods are designed to consider all possible interactions and impacts and
then decide on their relative importance in terms of specified criteria.
Simulation models are also used to assess the impact of a specified plan for
water management. A well known Stanford watershed model can be used
to simulate the transport of sediments and evaluate the impact ofland use
changes. There are other models which compute the quality of water in a
stretch of river under different hydrological and meteorological conditions.
As in problems of the atmosphere, conflicts of interest also arise in hydrology
between sustainability and development. The following facts are relevant:
• Nearly 83% of the world's arable land is rainfed. The productivity
of rainfed agriculture could be increased by better retention of soil
moisture and the development of drought resistant varieties of
crops. Fish production in individual catchments could be useful.
• The potential for irrigation must be fully utilized by avoiding
adverse uses of land.
• Water resources for irrigation come mainly from surface water
resources. Water reservoirs and tube wells are used. These sources
should not be degraded by saltation.
• Wastage of water available for irrigation should be avoided. In
many areas more water than is necessary is used for growing a
crop. In re-rainfed agriculture steps should be taken to prevent
waterlogging and excessive salinity by proper drainage.

A plea for technology transfer in these key areas
Solving each of the above problem areas requires the use oftransfer of both
the hard and soft technology. It is necessary to train engineers and experts
for decision-making. They have to be conversant with the correct technology
for solving problems of national and regional plans for sustainable development.
Sustainable development implies not only making the optimum use of
the resources that are available, but to plan in a sensible way for future
generation's growth of population. The choice of strategies which will
match resources with an increasing demand on water and food from a growing population is one of the major challenges before us. International
co-operation in sharing resources such as water for sustainable development will be necessary.
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Looking to the future it is clear that in order for the international
meteorological community to meet the challenges of the year 2000 and to
contribute efficiently to the implementation of the recent decisions of world
leaders concerning the environment, in particular with regard to relevant
parts of Agenda 21 and the Framework Convention on Climate Change and
the proposed convention on Desertification, important efforts should be
undertaken to use efficiently the available technologies for the overall monitoring and forecasting of climate change and its impacts on the world
economy. WMO will continue to play a leading role in ensuring that the
resources to be made available to the international community for the
UNCED follow-up actions are properly used to enhance technology transfer
in meteorological and hydrological activities. The national services of the
developing countries should in turn ensure that they receive sufficient
attention from their respective governments by providing needed products
in the development activities of the countries.
Technology transfer is a must for the improvement of the meteorological and hydrological services in the world. Therefore, efforts should be
made to bridge the gap between developed and developing countries and all
partners have a role to play in this respect.
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Conclusion
Technology transfer turned out to be a major issue during the negotiations
on environment-related matters as was the case during the negotiations on
a Framework Convention on Climate Change. The recommendations of the
Rio conference on Environment and Development on this issue are embodied in Chapter 34 of Agenda 21 dealing with "Transfer of environmentally
sound technology, co-operation and capacity-building". The meteorological
and hydrological communities have over the years dealt with the problem
in their own unique fashion since global and regional partnerships remain
the basis of their operational activities. While the issue of patented processes and manufactured meteorological instruments and equipment has
been addressed to a certain extent by the World Meteorological
Organization, it has, nevertheless, developed the most elaborate and successful mechanisms for the transfer of "soft" technology which involves
capacity-building and equipment maintenance amongst others.
The constituent bodies of the Organization especially its technical
commissions, are mandated to review advances in science and technology
and to promote training and develop suitable mechanisms for the transfer
of knowledge and methodologies so that national Meteorological and
Hydrological Services could use them for the benefit of their national
economies. Other effective mechanisms within WMO include the scientific
and technical programmes which contribute in various ways to the transfer
of know-how and appropriate techniques and technologies. In this regard,
the Technical Co-operation and the Education and Training Programmes
play major roles. WMO also promotes technical co-operation among developing countries and assists regional economic bodies in incorporating
meteorology and operational hydrology within their regional development
programmes.
The options for the future rest with tackling issues related to sustainable development such as protecting the atmosphere, freshwater resources
and the marine environment, mitigation of natural disasters, combating
drought and desertification and contributing to sustainable agriculture.
The existing structures of WMO should enable its Members to make
effective contributions to their socio-economic development and benefit from
resources made available to combat environmental degradation. The symbiotic co-operation between WMO and national Meteorological and
Hydrological Services is vital in addressing issues related to transfer of
technology in meteorology and operational hydrology. The challenges provide unparalled opportunities for the reinforcement of the mechanisms for
the transfer of know-how and technologies within the context ofthe global
partnership which is the hallmark of the WMO.

42

References
Aber, P.G

1990

Social and economic benefits of weather
services: Assessment Methods, Results
and Applications, Proc. Conf. "Economic
and Social Benefits Meteorological and
Hydrological Services, WMO- No. 733,
Geneva,48-56 pp

Bakun,A

1990

Global Climate Change and Intensification of Coastal Ocean Upwelling, Science,
198-201 pp

Brundtland,G.H.

1991

Our Common Future.,_ The World
Commission on Environment and Development, Oxford University Press, 400 pp

Goldemberg, J.,
Johansson, .T. B,
Reddy, A.K.N. and
Williams R.H

1990

Energy for a sustainable world: An update
with emphasis on developing countries,
Bellagio seminar on energy efficiency for
a sustainable world, Ambio, 190 - 200 pp

Hare, F.K

1985

Climate variations, drought and desertification, WMO - N o.653, Geneva, 35pp

Kawasaki, T

1991

Effects of Global Climate Change on
Marine Ecosystems and Fisheries, Proc.
Second World Climate Conference,
Cambridge University Press, 291 - 299pp

Konare, K.

1990

Meteorological Assistance in the Sahelian
region: Requirements and Benefits, Proc.
Tech. Conf., on " Economic and Social
Benefits
of
Meteorological
and
Hydrological Services", WMO- No 733,
Geneva, 144 - 155pp

Mills, E, D. Wilson
and T. J ohannsson

1991

Beginning to reduce greenhouse gas emissions need not be expensive: Examples
from energy sector, Proc Second World
Climate
Conference,
Cambridge
University Press, 311 - 328pp

Riedacker, A

1992

Biomass, bioenergy and limitation of
greenhouse gas emissions (Personal
Communication)

43

Technical Reports
1.
Climate Change : The IPCC Scientific Assessment, Ed. J. T. Houghton,
G.J. Jenkins and J.J. Ephraums, Cambridge University Pres, 364pp 1990.
Climate Change: Science, Impacts and Policy, Ed. J. Jager and H.L.
2.
Ferguson, Cambridge University Press, 578pp, 1991.
3.
Clivar: A study of climate Variability and Predictability, World
Climate Research Programme., (In collaboration with IOC, and ICSU), WMO,
Geneva, 1992.
4.
Global Climate Change and the rising challenge of the sea, IPCC,
Response Strategies Working Group, IPCC Secretariat, Geneva, 1992, 35 pp.
5.
World Meteorological Organization (WMO), Third Long Term Plan:
1992- 2001, Summary of objectives, policies and strategy, WMO- No.776,
Geneva, 1992,20pp.

44

WORLD METEOROLOGICAL ORGANIZATION

The atmosphere
of the
living planet
Earth
by

J. P. Bruce

WMO-No. 735
Secretariat ofthe World Meteorological Organization- Geneva- Switzerland

1990

Cover: Earthrise seen from the Moon (Photo: NASA)

© 1990, World Meteorological Organization

ISBN 92-63-10735-1

The designations employed and the presentation of material in this publication do not imply the
expression of any opinion whatsoever on the part of the Secretariat of the World Meteorological
Organization concerning the legal status of any country, territory, city or area, or of its authorities,
or concerning the delimitation of its frontiers or boundaries.

Contents
Foreword .................................................................................................... v
Introduction ..... .. ... ... ....... .. .. ....... .. ... .... .. ........ ... ......... ... .. .. .. ... .. .. ...... .. .. .... .. . 1
The evolution of the Earth's atmosphere ... ..... ......... ... ........ .. ... ...... ....... ... 2
Human intervention ........ ...... ..... ... .. ........ .. .. ....... ....... ... ......... ..... .. .. ....... ... 5
The changing atmosphere of the 20th century .. ....... ....... ..... ...... ..... .. .. . ... 7
Greenhouse gases ........... .............. ............................. ........................ ... 7
Sources of increased greenhouse gases .............................................. 10
Taxies .................................................................................................... 13
Acid rain .............................................................................................. 15
Human intervention in the hydrological cycle .................................. 16
Conclusion ........................................................................................... 17
Consequences and impacts ......................................................................
Global warming ...................................................................................
Ozone layer depletion ..........................................................................
Contamination of seas, lakes and land ..............................................
Damage from acid deposition and low-level ozone ............................
Radioactivity ........................................................................................

18
18
22
24
25
26

How do we know about the atmosphere and climate? ...........................
Global monitoring and research .........................................................
World Weather Watch .....................................................................
Global Atmosphere Watch ..............................................................
World Climate Programme ............................................................

27
27
27
29
30

International policy options and responses ............................................
Existing international agreements ....................................................
ECE Convention on Long-range Transboundary Air Pollution .....
Law of the Sea Convention ............................................................
Convention for the Protection of the Ozone Layer .......................
International agreements under development ..................................
Framework Convention on Climate Change .................................
Limiting greenhouse gases .................................................................
Adaptation to global warming ............................................................

34
35
35
36
36
36
36
37
40

Conclusion ................................................................................................ 41
Further reading ........................................................................................ 42

Foreword
World Meteorological Day is celebrated each year on 23 March. It commemorates the coming into force on that date in 1950 of the WMO Convention
which transformed the former International Meteorological
Organization-a non-governmental body which had existed since
1873-into the intergovernmental World Meteorological Organization
(WMO) of today.
A specific World Meteorological Day topic is selected each year to
highlight one important aspect of the work of the Organization. By the
nature of their activities, WMO and its Members, the national
Meteorological Services all over the world, play a leading role in the provision of scientific information and advice on the state of the atmosphere and
the factors that affect it. With this in mind and in view of the growing
world-wide concern about climate change and protection of the environment, it was decided that the theme for 1991 would be "The atmosphere of
the living planet Earth".
This booklet on the above theme has been written by Mr J. P. Bruce,
former acting Deputy Secretary-General ofWMO. His extensive knowledge
and vast experience of matters relating to the composition of the atmosphere and global warming issues are used to the full in his treatment of
the subject. He paints a graphic picture of the evolution of the Earth's
atmosphere and of the inexorable changes to it that are being brought
about by human activities. Monitoring and research activities are presented along with various options that might reduce the damage to the
environment and limit the effects of climate change. I should like to express
my deep gratitude to Mr Bruce for his work and for his contribution to the
success of the Day.
In 1991, it is expected that the nations ofthe world will pursue negotiations on the elements of a framework convention on climate change.
Decisions of global consequence will be based, in large measure, on the data
and information that has been provided through the World Meteorological
Organization by national Meteorological and Hydrological Services. It is
opportune then to also focus on this important aspect of their work. World
Meteorological Day 1991 provides us with such an opportunity.

G. 0. P. Obasi
Secretary-General

Introduction
The uniqueness of our living planet Earth only became widely perceived
from the photographs taken by the NASA Apollo Mission and other voyages
of astronauts (see cover). The image of earthrise from the dead surface of
the moon brought home to everyone how beautiful and alive, yet how finite
is Earth, in this part of the cosmos where all else is lifeless. The atmosphere, wreathing the world with white clouds, has gradually evolved with
the blue seas and lakes, the green vegetation and brown soils of the land.
The surface of the Earth is teeming with life, which would be impossible
without the atmosphere, and the atmosphere would not be the same without life on Earth.
The restless motions of the global atmosphere and its finite size have
long been recognized. Storms and weather systems are observed to hurtle
around the globe in a week or so transforming and modifying themselves as
they go. The atmosphere's vertical dimension is very shallow when compared to the size ofthe planet, in fact, "as thin as the skin on an apple" [1].
In comparing the Earth, the third planet from the Sun, with other
planets, it has been said that "the atmosphere is the face of the planet, and
it tells, just as do our faces, its state of health and even if it is alive or dead.
The nearest dead planets (Mars and Venus) are visually as well as chemically a neutral background against which the living planet Earth shines
like a dappled sapphire" [2].
This booklet explains how the atmosphere evolved since the beginning
of planet Earth. The rapid changes in the composition of the atmosphere,
now being caused by human actions, are reviewed, and some ofthe serious
consequences of those changes are discussed such as global warming,
depletion of the ozone layer, contamination of food webs and acid deposition. A description is given ofthe international scientific programmes that
have led to our present understanding of the changing atmosphere. Finally,
the steps that could be taken to lessen the effects of change are considered
so that man "treads more lightly" on the Earth.

The evolution of the Earth's
atmosphere
There has always been an atmosphere around our planet, but today it is
very different from in the past. Our present atmosphere, all 56 000 million
Gt* of it, is held to Earth by the force of gravity-with 98 per cent by
weight of the gases and particles within 30 km of the surface, and more
than half in the lowest 5.5 km. The top of the atmosphere gradually thins
into space, and is generally taken as being some 50 km from the surface of
the Earth. The gases are well mixed especially in the troposphere (the lowest 8 km) and are mainly nitrogen (78 per cent of the dry atmosphere),
oxygen (21 per cent) required by all breathing animals, argon (0.94 per
cent) and carbon dioxide (0.03 per cent) which is essential for plant growth.
Other trace gases present include methane, hydrogen, ozone, neon, helium
and xenon. Water vapour, an extremely important gas in regulating the
system and producing precipitation, is present in highly varying amounts.
The atmosphere also transports many airborne particles.
But the atmosphere was not always like this. Some 4 500 million
years ago when Earth was formed and before primitive forms of life
appeared, the atmosphere was without oxygen. In fact the Earth had a
huge capacity to remove oxygen through reducing agents, such as iron and
sulphur, in the oceans. Being radioactive, so heated internally as well as by
the Sun, the gases poured from fissures, cracks and volcanoes creating an
early atmospheric blanket of methane, ammonia, water vapour and carbon
dioxide-the now familiar greenhouse gases. The resulting early greenhouse effect ensured mean temperatures at the Earth's surface of 15-30°C,
suitable for the development of primitive life forms.
Geological evidence suggests that the first forms of life began some
600 to 1 000 million years after the Earth was formed. These were bacteria
and have been called "our ultimate grandparents" [2]. As the bacteria
evolved into cyano-bacteria forms, blue-green in colour, they began to use
light energy from the Sun to produce oxygen and organic materials. While
they colonized the planet, they also influenced the composition of the atmosphere which had first nourished them. With the passing of another
1 500 million years, or about 2 000 million years ago, the evolution of green
plants and photosynthesis, in interaction with the atmosphere, set the
stage for the development of animal forms that breathed in oxygen and
breathed out carbon dioxide. By this time carbon dioxide, along with water
vapour, had become the main heat-regulating gas, but in concentrations
much reduced from the early days of Earth.

*Gt = a gigatonne, a billion metric tons.
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Throughout these ages, atmospheric winds transported heat poleward
from the Equator, creating a climate in which some form oflife was possible
almost everywhere.
The energy from the Sun has not remained constant over the
4 500 million years of Earth's existence. Being a typical star, the Sun is
growing slowly hotter, and over the millennia has emitted more and more
energy. It now radiates to Earth perhaps as much as 30 per cent more heat
than it did when Earth was first formed. Yet the temperatures at the
Earth's surface appear to have remained remarkably stable the whole time,
mediated by the atmosphere in its interactions with plants and animals,
and by changes in the heat-absorbing capacity ofthe Earth's surface-the
extent of its waters, lands, vegetation and ice.
The fluctuations in composition of the atmosphere, and changes in
temperature over the past 200 000 years can be determined by analysis of
tiny air bubbles trapped in ice that has accreted year by year in the
Antarctic and Arctic. From cores drilled into these ice caps, a record of
changes can be measured and deduced. From one of the most famous, the
Vostok core, taken at the USSR Antarctic station Vostok, carbon dioxide
concentration and temperature estimates for the past 160 000 years have
been determined. The analysis shows that during this period, short in the
history of Earth, but very long in human terms, carbon dioxide fluctuated
from about 180 to 290 parts per million (ppm) in the atmosphere, and the
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Figure 1-C02 concentrations (upper curve) and atmospheric temperature change (lower
curve-derived from the deuterium isotopic profile) plotted against age in the
Vostok ice core record (Source: Barno/a (1987))
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temperature rose and fell over a range of nine or 10°C, in almost perfect
rhythm with the rise and fall of carbon dioxide concentrations. Carbon dioxide is the main, though not the sole, greenhouse or heat-regulating gas of
the modern atmosphere.
Only in the past century, have the activities of the human species
become a dominant force in changing the composition of the atmosphere.
How profound these changes have been is illustrated in Figure 1 that shows
the Vostok ice core data, with current (1990) carbon dioxide levels of 354
ppm, demonstrating the rapid increase in carbon dioxide concentrations
due to human activities.
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Human intervention
World industrial activity has increased twentyfold since 1900 and is now
profoundly affecting the atmospheric environment. The human
experiment that began in Central Africa some three to five million years
ago grew initially, in human numbers and activities, very gradually. But
over the past two centuries, the pace has quickened enormously. The
global population had reached 1 billion by about 1800. By 1950 there were
2.5 billion of us, and today just 40 years later there are more than 5 billion
people in the world and there will be as many as 8 billion in 30 more years
(see Figure 2).

10

9

8

7

Figure 2World population from
1700 to date with future
projection, based on the
following growth rates:
1960: 3 billion
1974: 4 billion
1987: 5 billion
1999: 6 billion
2010: 7 billion
2020: 8 billion
(Source: United Nations)
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It is not only the number of humans that makes the major impacts on
the atmosphere, but also industrialization and the rapid increase of
resource use that has marked the 19th and 20th centuries (see box on following page) [3].
The growth in the burning offossil fuels is very worrying, since this
is the main reason for the profound changes affecting the atmosphere.
Industrialized society is digging or drilling deeply into the Earth, to
extract carbon from levels where as a result of the Earth-atmosphere-biological system it was buried ages ago. We then proceed to burn these
ancient deposits, these "fossil fuels", oil or coal or natural gas, so emitting
carbon as carbon dioxide into the atmosphere. And the amounts used are
not trivial. It is estimated that, at present rates, the annual consumption
5

of fossil fuels represents about a million years of nature's efforts long ago
to bury the carbonaceous material. It is no wonder that atmospheric stress
is evident.

Some facts about resource use

•

•
•
•

Global industrial production currently increases each year by an
amount equal to the total production of Europe in the 1930s;
More land has been cleared for cultivation in the last 100 years
than in all preceding human history;
Global water use doubled between 1940 and 1980 and is expected
to double again by the year 2000;
Our current consumption offossil fuels is 30 times greater than in
1900, most of this increase has taken place since 1950.

The burning of fossil fuels in our motor vehicles, trucks, furnaces, factories and electricity-producing plants, not only increases carbon dioxide
concentrations, but is also the main source of other air pollutants. Much of
the sulphuric acid in acid rain originates as sulphur dioxide emissions from
coal- and oil-burning factories and power plants. Airborne toxic chemicals,
such as mercury, originate in large measure from the same processes. Oildriven transportation emits large quantities of toxic airborne lead, and also
the nitrogen oxides that result in high ozone concentrations in the photochemical smogs now spreading from cities to the countryside.
The clearing afforested lands for agriculture and other purposes has
had major effects, first by reducing the amount of carbon absorbed by the
great forests and contributing to atmospheric carbon dioxide increases, but
also by increasing methane emissions from soil and agricultural activities.
Agriculture also releases long-lived toxic pesticides into the air.
In short, the human race has so multiplied, and so arranged its activities
that, in the blink of an eye when measured against the history of the Earth,
we have begun to seriously disturb long-established balances by causing sudden chemical changes in the global atmosphere. The following chapters deal
with these changes and the observed and possible consequences.
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The changing atmosphere of
the 20th century
Greenhouse gases
Since the beginning of the industrial revolution we have witnessed an increasingly rapid rise in the concentration of greenhouse gases. It is this
augmentation of the natural greenhouse effect that is our concern.
Nitrogen and oxygen-which make up 97 per cent of the atmosphere
by volume-have little effect on the Earth's energy balance. Radiation from
the Sun and back from the Earth can pass through these gases without much
hindrance. If they were the only constituents, the Earth's climate would be
far harsher, and on the average, the air temperature near the surface would
be 33"C colder than at present.
"Certain minor gases change all this. They have a vital property in common: they allow the sun's rays to penetrate to Earth's surface, but retard the
return flow of the infra-red radiation. The active greenhouse gases-so-called
because their role is in some ways like that of a glass roof-include water
vapour, carbon dioxide and various less abundant substances notably nitrous
oxide, ozone and methane ... they warm the Earth's surface." [4]
As noted previously, water vapour is also a greenhouse gas, but very
different from the others. It comes from evaporation from the seas, lakes and
vegetation in the global water cycle. It condenses to form clouds, some of
which are even more effective traps for the long-wave energy from the Earth,
but which also reflect back some of the incoming energy from the Sun. Water
vapour has highly variable concentrations and while there has been an apparent upward trend, particularly in the tropics, it is not certain whether this
is related to climate warming or to evolving observational techniques.
Concentrations of the five other important greenhouse gases, carbon
dioxide (C0 2 ); ozone (0 3 ) near the tropopause and in the lower stratosphere;
methane (CH 4 ); nitrous oxide (N2 0) and chlorofluorocarbons (CFCs), are all
definitely on the rise.
The atmospheric lifetime of these gases varies from a few hours or weeks
for low-level ozone to more than 100 years for CFC-12. Carbon dioxide can
have a combined lifetime in the atmosphere, the biosphere and the upper
ocean, of about 200 years after release. When estimates of atmospheric lifetime are combined with the relative strength of each molecule of the gas in
absorbing infra-red radiation from the Earth, it is possible to estimate the
contribution to the greenhouse effect of each gas relative to that of C0 2 • This
and other information on the main greenhouse gases are given in Table 1 and
Figure 3. In sum, greenhouse gases have increased since the mid-eighteenth
century by an amount radiatively equivalent to a 53 per cent increase in carbon dioxide, although the gas itself has increased by only 26 per cent.
7

Table 1-Greenhouse gases
Carbon
dioxide
C02

Methane
CH4

Nitrous
Oxide
N20

Chlorofluorocarbons
CFCs

Tropospheric
ozone
03

Lifetime in atmosphere
(except for eo, in atmosphere-ocean-biota system)

50-200 years

7-10 years

150 years

75 yearsCFC-11
110 yearsCFC-12

hours or days

Percentage contribution to
greenhouse effect,
1950-1985

53

13

6 to 7

20

variable,
about 8

Pre-industrial concentralions

275 ppmv*

0.7 ppmv

228 ppbvt

zero

15 ppbv

1990 concentrations
(estimated)

354 ppmv

1.7 ppmv

310 ppbv

.26 ppbv
CFC 11
.44 ppbv
CFC 12

35 ppbv

Annual rate of growth in
concentration in 1980s

0.5%

0.9%

0.25%

4-5%

1%

Relative cumulative affect of
1990 man-made emissions
over the next 100 years

61%

15%

4%

11.5%

8.5%

Major sources

Fossil fuel
burning, deforestation
and land-use
changes

Swamps, rice
paddies, ruminants, fossilfuel extraction

Fossil fuels
and biomass
burning, fertilizers, landuse changes

Man-made
chemicals
used as solvents, spray
can propellants, making
of foam and
refrigeration

Formed from
vehicle exhausts and
other industrial pollutants
in sunshine

* ppmv = parts per million by volume; t ppbv = parts per billion by volume

Sources:

Climate Change: Meeting the Challenge- Commonwealth Secretariat, 1989 and Report of IPCC
Working Group /, 1990

Facing page:
Figure 4-Annual carbon fluxes are shown in units of one Gt (one billion metric tons).
Photosynthesis on land removes about 100 Gt of carbon from the atmosphere
annually in the form of carbon dioxide. Plant and soil respiration each return
about 50 Gt. Fossil-fuel burning and deforestation release into the atmosphere
respectively about five and two Gt. Physicochemical processes at the sea surface release about 100 Gt into the atmosphere and absorb about 104. The net
atmospheric gain is about three Gt annually. The table (inset) lists the world's
major carbon reservoirs (Source: after Houghton and Woodwe/1}
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Figure 3Changes in radiative
forcing (Wm-2) due to
increases in greenhouse
gas concentrations
between 1765 and
1990. Values are
changes in forcing from
1765 concentrations
(Source: /PCC, WG /)
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These greenhouse gases, except the CFCs, cycle naturally through the
atmosphere-biosphere-Earth system, with sources and sinks adding to or
subtracting from the atmospheric concentrations. What man has managed to
achieve is to both add to the sources, and to reduce the sinks. The main
sources are identified in Table 1.
The most studied, and most important of these cycles is the carbon
cycle. This is best understood through Figure 4. The natural annual fluxes
are large, of the order of 100 Gt in both directions to and from the land and
the sea. Photosynthesis fixes 120 to 160 Gt of carbon each year, 90 to 120 Gt
through vegetation on land and 30 to 40 Gt in the oceans. Although much
damage has been done to the environment, human interventions are still
small: about 5-6 Gt per year from fossil-fuel emissions and another 1-2 Gt
from land-use changes and deforestation. Nevertheless human activities, by
depleting the reservoirs in the Earth's crust and biota, through fossil-fuel
burning, from deforestation and other land-use changes, are gradually but
inexorably increasing the carbon dioxide concentrations in the atmosphere.
The human effects are relatively small but measureable disturbances of a
large annual balance which, if continued for centuries, would gradually create a new global balance. This in turn would trigger responses that would
involve a new climatic and temperature regime on Earth. Similar disturbances of the natural fluxes and balances of the other greenhouse gases are
also taking place.
It might be thought that, since the source of much of the human disturbances are concentrated in the industrialized countries mostly in the
northern hemisphere, atmospheric concentrations of greenhouse gases would
be higher near the main sources. However, observations initiated by a number of countries and co-ordinated through WMO's Global Atmosphere Watch
show that for average annual values, this isn't so and that the winds, or
rather the circulation system of the whole atmosphere, ensure that the pollutants are well mixed over all the world. For example, in Figures 5 and 6 the
mean annual values of concentrations of carbon dioxide are seen to be in
effect the same in the Pacific Ocean (Mauna Loa), in the Atlantic (Sable
Island), in the Arctic (Resolute and Barrow) and in the Antarctic (South
Pole). Seasonal variations due to uptake of carbon dioxide by vegetation during each hemisphere's growing season and its release in the autumn and
winter, are clearly visible as far north as Barrow, Alaska, but are not evident
at the South Pole, as its observing site is remote from significant vegetation.

Sources of increased greenhouse gases
Of the human activities contributing to increased greenhouse gases, the most
dominant is energy production and use, including that oftransportation. The
energy sector accounts for more than two-thirds of man-made carbon dioxide
emissions, about a third of methane emissions and as much as 85 per cent of
nitrous oxide emissions. The major contributors to the increase in low-level
ozone are vehicle exhaust gases from the combustion of gasoline.
10

Figure 5C02 annual mean
concentrations (Data from
WMO Background Air
Pollution Monitoring
(BAPMoN-GAW)
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Figure 6Monthly averaged C0 2
concentrations at various
latitudes (adapted from data
provided by AES-Canada,
NOAA-GMCC, CSIRO and the
Australian Bureau
Meteorology)
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Over the past 8 000 years the forest reservoir of carbon dioxide a major
sink, has been steadily reduced by human actions. The original six billion
hectares of forested land on the globe is now at four billion hectares and,
particularly over the last two centuries, shrinking rapidly. Losses are as
great in boreal as in tropical forests. Other biological carbon sinks such as
grasslands also continue to be rapidly replaced by agricultural ecosystems.
If carbon dioxide concentrations alone continue to increase at 0.5 per
cent per year, pre-industriallevels will be doubled by 2080. It also appears
that over the next half century greenhouse gases other than carbon dioxide
will contribute almost as much to global warming, and the combined equivalent carbon dioxide concentration will be doubled by about 2030 unless
major adjustments are made in the areas of energy production and use,
industry, transportation, agriculture and forestry-basic economic activities
of the countries of the world.
However, the rate of increase could be profoundly influenced by energy
policies. If energy conservation, and fuel-switching to non-hydrocarbon
forms of energy were practised world-wide, the rate of increase of greenhouse gases could be significantly reduced. On the other hand, a "businessas-usual" approach by the industrial nations, and rapid high-energy development in the developing countries, could readily result in accelerated
increases, especially of carbon dioxide (see Figure 7). As for methane and
nitrous oxide, the growth of agriculture to meet the needs of the rapidly
increasing world population will make reduction of their emissions difficult,
although those portions of the emissions related to energy could be positively affected.
CFCs represent the most tractable problem and under the 1987
Montreal Protocol to the Vienna Convention on the Protection ofthe Ozone
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Figure 7Projected
atmospheric
concentration of
carbon dioxide
using a businessas-usual scenario
(IPCC WG 1,
1990)

Layer, a complete phase-out by the year 2000 has been agreed upon.
However, because of their long life, atmospheric concentrations ofCFCs will
continue to increase, though at a slower rate, for a number of decades, even
if complete adherence to the CFC control were implemented.

Toxics
Not only greenhouse gases are increasing in the global atmosphere due to
human intervention in the natural cycles. Many substances, particularly
metals and chlorinated hydrocarbons, toxic at high concentrations to
humans, plants and animals are also released as by-products of industrial
activities. They too become widely distributed by the restless winds of the
atmosphere.
Alarming discoveries of the 1970s and 1980s include: (1) Small quantities of pesticides found in melted snow, the tissues of polar bears, and in
breast milk at the Arctic; and in birds at the Antarctic thousands of kilometres from possible sources. (2) Recognition that regional seas like the
Mediterranean, large freshwater bodies such as the Great Lakes of North
America and even the main body of the oceans are, in many ways, under a
greater threat from pollution through the atmosphere than from sewage
outfalls and dirty rivers.
Some trace metals, often toxic after bio-accumulation, are introduced
into the air mainly by human rather than natural processes, as indicated by
the following table of global values [5].

Anthropogenic
Lead (Pb)
Cadmium (Cd)
Copper (Cu)
Nickel (Ne)
Zinc (Zn)
Arsenic (As)

Natural

(kilotons I year)

(kilotons I year)

332
7.6
35
56
132

19
1.0
19

18

26
46
8

In the Arctic, higher concentrations of contaminants are associated
with periods of Arctic haze, involving aerosols transported from eastern and
western Europe, northern Asia and North America. Accompanying these
widespread episodes of high aerosol concentration, especially of sulphate
aerosols, are man-made pesticides including lindane, dieldrin and DDT, and
toxic heavy metals such as lead (Pb) and mercury (Hg). A circumpolar view
of mean sulphate concentrations in low levels of the atmosphere over the
winter period, January to April, 1980 (Figure 8) shows an apparent transport from Europe to the Arctic.
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Figure 8-Circumpolar Arctic pollution (January to April 1980}; mean sulphate
concentrations near ground mg/1, shaded area >2 (after Barrie) [6]

Under GESAMP (Group of Experts on the Scientific Aspects of Marine
Pollution) organized by eight United Nations bodies, atmospheric
contributions to the pollution of the oceans and regional seas such as the
Mediterranean are being determined. WMO is leading the GESAMP Working
Group on Interchange of Pollutants between the Atmosphere and Oceans.
Information compiled by this group on observed atmospheric concentrations
of a number of chlorinated hydrocarbons over marine areas around the world
demonstrates that no oceanic area, no matter how remote from agricultural
and industrial activities, is without man's imprint, from the Arctic Ice Island
to the Antarctic and from Samoa and the Central North Pacific to Bermuda
and the Indian Ocean. Concentrations are not high. However, these toxics are
being deposited in the seas and on land over long periods and bioaccumulate
14

in the food chain so that higher level predators begin to accumulate significant
quantities in their tissues. In the case of chlorinated hydrocarbons, some
known carcinogens, the atmospheric pathway represents more that 80 per
cent of the total burden placed on the seas.
The same programme (GESAMP) has made estimates of the relative
importance of atmospheric and river sources of contaminants to the pollution of the Mediterranean Sea, a nearly enclosed regional sea bordered by
countries with large populations and highly industrialized economies. From
the atmosphere to the sea, fluxes of metals (generated mainly by human
activities) such as lead (Pb), mercury (Hg), Cadmium (Cd), Zinc (Zn) are
estimated to be greater than, or comparable in magnitude to, direct discharges and transport by the rivers of the basin into the Mediterranean,
and some of those rivers are very highly polluted. The sources of these airborne pollutants are shown to be as far away as Salzburg, Austria and
Crakow, Poland. Atmospheric deposition into the Mediterranean occurs
mostly by rainfall, 50-70 per cent, and the balance by dry deposition processes.
Another example from the Great Lakes of North America is very striking. Fish taken from small lakes on Isle Royale in the middle of Lake
Superior were found to have such high concentrations of man-made polychlorinated biphenyls (PCBs) that they were unfit for human consumption.
The emitted chemicals must have been carried by the winds thousands of
kilometres across Canada and/or the USA to this location and as well to the
waters and food chains of the whole of Lake Superior.
The problems of dealing with water pollution transmitted through the
atmosphere, has proved difficult to address when the pollution sources are
several countries or states away.

Acid rain
Sulphur, nitrogen and other substances that form acids in the air when they
come into contact with water vapour or droplets, are distributed through
some natural processes. Dimethyl sulfides and subsequently sulphur gas
are produced by algae in the surface layers of the sea and indeed may be the
main source of the small quantities of sulphur needed as plant nutrients in
the soil. Industrial activities, to a disastrous degree in some regions, have
increased the natural deposition of sulphur and the acidity of rain. The
main sources are sulphur dioxide and nitrogen oxides from the burning of
coal and oil and from the metal smelting industry. Energy production and
use is, once again, the major source of the problem.
Measurements of the increased acidity of rain and snow, and of sulphur deposition, show that this phenomenon is more regional than global in
nature. The areas hardest hit are in eastern North America, and central
Europe (Figure 9) [3]. In these areas the pH of rainfall, on an annual basis,
has been as low as 4. A neutral solution has a pH of 7. Rain and snow are
naturally acidic and have a world-wide pH of about 5.6. Man-made acid
15

made acid rain at pH 4 is forty times as acidic as natural rain, since the pH
scale is logarithmic and lower values indicate increased acidity.

•
_,.. Estimated distribution of pH (Whelpdale, 1985)
•
The isolated values of pH from remote areas (Galloway at al, 1985)
•
Areas where effects have been reported

Figure 9-Giobal pattern of precipitation acidity as determined by BAPMoN·GAW and other
regional monitoring networks in the mid-1980s

In this case, there is some good news. As a result of concerted action
by many ECE countries (North America and Europe) anticipating or in
response to the 1985 Helsinki protocol that sulphur dioxide emissions
should be reduced by 30 per cent of the 1980 values, there has been a
reduction in sulphur detected in rain and snow. The Global Atmosphere
Watch's BAPMoN network has recorded a modest decline on average in
sulphur in precipitation from the stations reporting such analyses,
especially in Europe and North America.

Human intervention in the hydrological cycle
As was noted in the discussion on greenhouse gases, human activities have
significantly altered geochemical cycles, such as the carbon cycle, on a global
scale. The hydrological cycle is also an integral part of the climate system,
and it too has been significantly altered by man, but on a more regional and
local scale. The most important human interventions have been through
major changes in vegetation, and through the creation of dams, reservoirs,
irrigation systems and river diversions.
Forest vegetation transpires large quantities of water vapour into the
atmosphere adding to precipitation in downwind areas. When this increased
water vapour is injected into the strong zonal circulations at temperate
latitudes, effects on rainfall are felt as far as many hundreds or thousands
of kilometres downwind, and evaporation from the oceans provides the
16

sources of moisture for precipitation. For example, in the huge Mississippi
River basin, less than ten per cent of the water vapour for precipitation originates from evaporation and transpiration within the basin, the dominant
sources being the Pacific Ocean and the Gulf of Mexico [8]. On the other hand,
a modelling experiment found that within the Amazon River basin which covers much of tropical South America, replacement of the tropical forest by
degraded pasture could reduce precipitation over the basin by 20 to 30 per
cent [9]. This result is due to the huge size of the basin-and because transport
by winds of water vapour is not so vigorous as in temperate latitudes.
The historic reduction of global forests by one-third through human
activities must have affected the regional distribution of precipitation but in
a manner difficult to quantify. In the tropics, and especially in very large river
basins, the trend towards the destruction of tropical rain forests for agricultural activities and other purposes can have serious consequences by reducing
precipitation within the basin or in the adjacent watersheds, in addition to
its impact on increasing the atmospheric concentration of carbon dioxide.
The damming and diversion of river systems may also have significant
consequences for the climate system. For example, in Canada and USSR the
reduction of inflows of rivers discharging into Hudson Bay and the Arctic Sea
can change the salinity and ice conditions in those areas. While such effects
have been demonstrated on a local scale only, the long-term effects of existing
and proposed diversions are still to be thoroughly studied. Creation of reservoirs and irrigation areas also increases water vapour fluxes to the
atmosphere, usually with impacts on a local scale.
Thus man's intervention in the hydrologic cycle can have significant
effects on the climate system, by changing the distribution of water vapour
and clouds and in turn affecting the radiative balance, by changing precipitation patterns in downwind areas, and possibly by altering ice formation and
distribution in Arctic and sub-Arctic waters.

Conclusion
From the foregoing summaries it is evident that human activities are changing and polluting the atmosphere in many ways. It is not simply local urban
air that is contaminated, but the whole global atmosphere. Major changes
in concentrations or in deposition of pollutants from the atmosphere to soils,
seas and freshwater, have been measured in all parts of the world and disturbances of the land surface and water cycle have resulted in modifications.
These man-made changes in the planetary atmosphere have occurred over
a very short time when measured against the time-scale of evolution of the
ecosystems of our planet. The next chapter examines some of the observed
and probable consequences ofthese unprecedented global changes.
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Consequen~es

and impacts

Among the most serious consequences of the various forms of contamination of the atmosphere on a global scale are:

•
•
•
•

Climate warming due to increased greenhouse gas concentrations;
Depletion of the stratospheric ozone layer;
Contamination of vital food chains over land and sea by toxic
chemicals; and
Acidification of lakes and forests dying due to acid deposition
and regional smog.

Global warming
As we have seen, greenhouse gas concentrations are on the rise as a result
of human actions. The changes in the radiation balance of the Earth,
caused by increases in these inhibitors to heat loss, can be calculated and
the direct temperature effects deduced. However, the climate system is not
so simple. It involves many feedback loops, some positive, augmenting the
temperature increase, and some negative dampening the radiative effects.
In addition, there are factors which slow down the climate response, particularly those due to absorption of heat by the oceans. Accordingly the
estimation of future climates, even if perfect projections of future greenhouse gas concentrations could be made, is a task that can be handled only
by the most powerful of computers, so as to accommodate the many feedback loops and lags in the system.
These complex climate models, sometimes called General Circulation
Models (GCMs), are similar in principle to the numerical models used to
forecast the daily weather, although they take into account much more
than the general circulation ofthe atmosphere. The more sophisticated climate models consider also at least the upper layers of the oceans, major
biological feedback loops, the ice and snow fields and their fluctuations and
the hydrological cycle of precipitation-runoff-soil moisture-evaporationcloud formation and back to precipitation again.
The models are designed to simulate the present climate well, conditions are then changed, either suddenly or gradually, to introduce a carbon
dioxide concentration double that of pre-industrial times. There are now a
score of modelling groups around the world, each using the most powerful
of modern computers but somewhat different ways of mathematically characterizing the various processes and feedbacks. Their results concerning the
global mean equilibrium temperature increase range from 2 o to 5 ac for a
doubling of carbon dioxide-equivalent. They all show more warming
towards the Poles, especially in the northern hemisphere. The results are
much less consistent as regards changes in precipitation distribution
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Comparison of the Antarctic ozone hole on 6 October 1987 and 1989two of the years when, in spring, ozone depletion was most pronounced
(composed from satellite data by Schoeberl et al., NASA, Goddard SFC)
Antarctic ice core analysis provides information on past climates and
composition of the atmosphere (Photo: Perry/WMO)
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Figure 13Schematic map showing sensitivity to soil acidification in various parts of
the world , based on soil types. Dystric cambisols (which are most widely
found in eastern North America, Europe and China) are considered to be
the most sensitive. The laterite soils (the tropics in South America, Africa
and southern Asia) may also be classed as having high sensitivity.
Calcium- and sodium-saturated soils along with tundra soils have the
greatest resistance to ground acidification.
(Source: Troedsson , Nykvist)

Fore sts such as thi s absorb carbon dioxide . Climate change response strategie s cal l for
an increase in reafforestation in both tropical and temperate regions
Paddy fields are crucially important for feeding increasing population s- they also
contribute to increasing methane in the atmosphere (Photos: WMO/Genier)

although there is reasonable consensus that the mid-latitude northern hemisphere grain belts of North America and USSR will be drier with higher
rates of evaporation and little significant precipitation changes. On a global
basis, precipitation will increase as evaporation speeds up due to higher
temperatures. Changes in extremes of hot and cold and of severe storms cannot yet be predicted with any confidence but there is some evidence that the
intensity of tropical cyclones (hurricanes and typhoons) will increase.
Scientists find it useful to refer to "transient" warming to take account
of the long lag periods introduced into the system by the oceans. For example, with a doubling of carbon dioxide equivalent by 2030, the "transient"
warming is estimated as 1.2°C (range from 0.8° to 2°C) by that date,
whereas the "equilibrium" warming for such a doubling, which would be
achieved decades later, would be 1.5° to 4.5°C. The Intergovernmental
Panel on Climate Change "estimates a warming of about 3 oc by the end of
the next century with a range of estimates from 2 oto 5 oc assuming a "business-as-usual" increase in greenhouse gases" [10].
A consequence of a warmer climate would be a rise in global mean sealevel, due to thermal expansion of the waters, and to the melting of glaciers
and the Greenland ice cap. Recent projections of sea-level rise are on the
lower side of earlier estimates, with the most probable increase for a doubled carbon dioxide world being 10 to 30 cm. However, if warming continues
towards the year 2100, as seems probable, a sea-level rise of as much as one
metre could well be achieved [3].
The outcomes of these changes would be profound. A "transient"
warming of the size projected for 2030 (about 1°C) would make the Earth
warmer than at any time in more than 125 000 years with more warming
to come after 2030. A sea-level rise of 1 metre would flood 15 per cent of
Bangladesh, some 12-15 per cent of Egypt's arable land, other low-lying
coastal areas and estuaries, and greatly reduce the size of many island
nations (Maldives, Vanuatu, etc.), making all those regions more susceptible to devastating inundations due to surges during tropical storms.
Sea-level rise would thus create hundreds of millions of environmental
refugees searching for higher ground.
It is surprising, how many human economic activities (and pleasures),
are closely related to climatic conditions and require climate stability. A few
examples come immediately to mind (see box).
Extensive analyses of socio-economic impacts of probable climate
change have been undertaken, and these have been summarized in the
report ofWorking Group II of the IPCC [10].
With the documented increases in greenhouse gases over the past century, have global temperatures already risen? Networks for measuring
surface temperatures have long been co-ordinated, and data standardized
and exchanged internationally through WMO's World Weather Watch and
World Climate Programme. Comprehensive analyses of these data have
been undertaken by, for example, scientists at East Anglia University,
19

How global warming could affect some
human activities

•

•
•
•
•

•

If the projected drying of the great mid-latitude wheat belts ofthe
world did occur, and some other regions became more able to produce grain, how would world food markets adjust to avert
starvation, and to create new economic power balances?
Would the countries of the tropics and sub-tropics become intolerably hot for normal work or tourism and would wildlife-based
tourism survive if major changes in precipitation regimes affected
populations oflarge herbivores, especially in East Mrica?
Would the poleward spread of tropical diseases by temperaturecontrolled vectors cause serious epidemics?
With mid-latitude drying in some areas, could increased forest
fires be successfully contained?
With major changes in evaporation and precipitation patterns,
would adjustments be made quickly enough to ensure adequate
water supplies for community needs, for agriculture and hydropower production? A 1 to 2°C temperature rise accompanied by a
10 per cent reduction in precipitation in some areas would result
in a 40-70 per cent annual runoff.
In the sub-Arctic, buildings, roads and runways are built on permafrost-what would happen if it melted?

United Kingdom. Mter making adjustments for the urban heat-island effect
and changes in observing practices, they concluded that the global temperature has increased by about 0.5°C over the past 100 years, with similar
increases in both hemispheres (Figure 10).
If the fluctuations and trends ofthe past 120 years are compared with
the projected warming due to greenhouse gas increases over the" next 50
years, (Figure 11), the enormous projected changes can be seen in perspective. Both the rate of warming, and the temperatures are likely be the
highest since man began working the land. There remains some debate
within the scientific community over how rapidly temperatures will respond
Facing page see:

I

Figure 10-(Above) Hemispheric and global surface temperature trends based on world
climate observation networks (Source: Jones, Wigley and Wright, Nature 322,
1988. Data from P. D. Jones, climatic Research Unit, personal communication)
Figure 11-(Below) Global mean surface temperatures recorded and projected according
to best estimates of IPCC with "business-as-usual" greenhouse gas emissions
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to the greenhouse radiative forcing. Some think that for another three or
four decades the lag induced by the oceans will delay the rapid warming
trend. Others believe that the warming is already upon us, as six of the ten
warmest years on record have occurred during the 1980s.

Ozone layer depletion
Not only are the chlorofluorocarbons (CFCs) powerful greenhouse gases,
they are the main contributors to the decline of the stratospheric ozone.
Ozone is the one gas in the atmosphere that limits the Sun's harmful ultraviolet radiation from reaching the surface of the Earth. It is present in the
stratosphere at between 10-45 kms with its maximum concentration at altitudes around 18-20 km in a globe-encircling ozone layer. As we have seen,
it is also present near the ground (tropospheric ozone) in highly varying
concentrations, mainly as part of photochemical smogs. The "total ozone column" above the Earth, shields the Earth's surface from the form of
ultraviolet radiation (UVB) which induces skin cancers, eye damage and
suppression of immune systems in humans, and can affect the productivity
of aquatic and terrestrial ecosystems. A one per cent decline in ozone results
in an estimated three per cent increase in the potential incidence of skin cancers in humans.
The vertical distribution of ozone is changing under the onslaught of
man-made pollutants. The stratospheric layer is declining and low-level
ozone is increasing due to entirely different pollutants and processes.
However, since a large proportion of the total ozone is in the stratosphere,
the net result is a decline in the total ozone column and a lessening of its
protection of Earth from ultraviolet radiation. The declines in stratospheric
ozone have been accompanied by cooling in the stratosphere which could
have profound but not well understood effects on global circulation and climate.
The most recent assessment (1989) of the state of the ozone layer, coordinated by WMO, the United Nations Environmment Programme
(UNEP) and the National Aeronautics and Space Administration (NASA) of
the USA summarized important recent findings by the scientific community
and the Global Ozone Observing System (G0 3 0S) of WMO's Global
Atmosphere Watch (GAW).
The scientists concluded that:
• Depletion of stratospheric ozone: Since the previous international
assessment in 1985, many findings have heightened the concern
that the use of chemicals containing chlorine (mainly from
CFCs)-and bromine-can lead to a significant depletion of strataspheric ozone.
• Antarctic ozone hole: Scientific evidence strongly indicates that
largely man-made chlorinated and brominated chemicals are primarily responsible for the substantial depletion of stratospheric
ozone over the Antarctic in springtime (the 1989 hole was as deep
22
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•

as that of 1987, the lowest values previously observed, at about 40
per cent of the normal amount). The major ozone depletion in the
Antarctic when the Sun returns to the southern Pole in the springtime, has been documented both from the ground (Figure 12), and
by satellite images (see centre spread). It is clear that meteorological factors play at least as important a role as chemical pollutants,
since the intensity of the circumpolar vortex and the low temperatures of the stratosphere are the essential factors that set the stage
for the photochemical reactions that deplete the ozone.
Perturbed Arctic chemistry: While the ozone loss in the Arctic is not
comparable to that over the Antarctic (probably because of different atmospheric circulation patterns), changes in stratospheric
chemistry similar to that in the Antarctic have been observed, and
temporary ozone layer declines, in limited areas, detected.
Long-term northern hemisphere trends: Analysis of ozone data
show measurable declines of three to five per cent in the total
ozone column between 1969 to 1988 (i.e. 1.8-2.9 per cent per
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Figure 12-Antarctic total ozone: seasonal deviations from the 195 7-1977 average of
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downward arrows are indicators of the Quasi Biennial Oscillation (of the strataspheric winds in the equatorial zone) (Source: adapted from Bojkov 1986)
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decade) in the zone from latitudes 30 to 60 degrees north, during
winter months, and about one per cent during summer months.
Model limitations: Observational findings have led to the recognition of major gaps in the capability of models used in theoretical
assessments. In particular these models do not adequately simulate the polar stratospheric clouds and polar meteorology which
are important factors in producing the Antarctic ozone hole and
the Arctic perturbations.

Contamination of seas, lakes and land
Evidence has been presented on the contamination of the atmosphere by
metals and organic compounds which above certain concentrations are toxic
to humans and other animals. It was seen that the atmosphere transports
to aquatic systems, freshwaters and seas and to soils and plants a significant part of the metal and organic pollution now infecting all parts of the
Earth. The biological communities of the waters and the land absorb and
bio-accumulate these contaminants through the food webs. By the time the
substances are found in higher level mammals, including humans, the trace
concentrations deposited by the atmosphere have often become harmful
amounts. Arsenic has long been known to be a carcinogen and other metals,
including lead, are now known to be cancer causing in higher concentrations. Mercury and lead also attack the central nervous system.
Some examples ofbio-accumulation are the following:
• PCBs (Polychlorinated biphenyls) are entirely man-made chemicals used as transformer fluids and for other industrial purposes.
They are classed as carcinogens and arrive into the sea almost
entirely by transport through the atmosphere. Concentrations in
sea water are very small but PCBs are bio-accumulated through
the food web. In the North Sea concentrations in the water are
0.000002 parts per million (ppm) but have reached 160 ppm in
some marine mammals: a magnification by a factor of 80 000 000.
Traditional foods from the land and sea have sustained the Inuit
people of Arctic Canada for several millennia, but today these
foods are contaminated with PCBs. In 1985, on Broughton Island
in the high Arctic, PCBs in the blood of 63 per cent of children
tested exceeded the safety guidelines of Canada's Department of
Health and Welfare, and the breast milk of some mothers also
exceeded recommended safe levels for consumption. These chemicals are transported to the Arctic mainly from Europe and Asia
due to the predominant atmospheric circulation patterns.
• The pesticide, DDT, banned since 1972 in countries such as the
USA, is still used in parts ofthe developing world. It lodges in fatty
tissues or organisms, and is associated with birth defects and cancer in many creatures, especially birds of prey. It is widely
distributed by the atmosphere. A sample of rural workers in
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Central America had 11 times as much DDT in their bodies as the
average United States citizen, because of its continued regional use .
Most lead enters the air from vehicle exhausts especially in countries still permitting extensive use of leaded petrol. The lead
content of Greenland ice has risen from less than 0.001 micrograms/litre, to more than 0.22 micrograms!litre from early historic
times to the present, a more than 200-fold increase.
In some respects the toxic-persistent chemicals carried through the
atmosphere to seas, lakes and subsequently into sediments and soils, can be
characterized as chemical "time bombs". Metals and organic contaminants
can be deposited and absorbed, often for decades, with no observable environmental effects. Sooner or later, however, natural processes, such as
microbiological methylation of mercury and other metals, can overcome natural buffering capacities, and release the substances in a form that is
sometimes more highly toxic than when deposited. The slow release "time
bomb" in the water or soils can rapidly escalate in concentration at ever
higher levels in the food webs. These concentrations can have devastating
effects on high-level predators, as for example the decimation of North
American eagle populations in 1960s and 1970s caused by DDT; and death
and deformation of humans, the "Minimata" condition, arising from ingestion of fish poisoned by methylated mercury.

•

Damages from acid deposition and low-level ozone
The marvellous buildings of the Parthenon, created by Athenians more
than 2 000 years ago, have decayed more in the past 50 years than in all
their previous existence. Decayed is the wrong word. Rather, the features of
the priceless statues and buildings have been eroded by acid rains, and by
dry depositions of sulphate particles that create a highly acidic liquid as
soon as the particles are dissolved in rain.
Damage by a similar process is happening to both aquatic and terrestrial ecosystems by the long-term deposition of highly acidic rain and snow.
Thousands offresh-water lakes, especially those with thin soils and thus little natural capacity to "buffer" the acid, have had their normal acid-base
balance of pH 6-7 changed to as low an average as pH 4. 0 by gradually taking up the acidity ofthe rain that has fallen on them and their watersheds.
Those areas in the world oflow "buffering" capacity of soils or high susceptibility to acidification are shown in Figure 13 (see centre spread).
As a lake acidifies, its fauna gradually disappears. For example, fathead minnows and some zooplankton may disappear at pH 5.9, important
algal forms (diatoms) and lake trout disappear below pH 5.6 and the loss of
other commercial and sport fish populations occurs below pH 5 [11].
Diatoms are especially sensitive to pH changes and in Lake Gardsjonas,
Sweden, have been used to trace through sedimentary deposits the pH of
the lake waters since the decline of the last Ice Age, some 14 500 years ago.
Up to about 1960 the pH ranged between 6 and 7, then in the following two
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decades, under the stress of industrial pollutants generated mainly in the
United Kingdom and continental Europe, it rapidly declined to pH 4.5.
Ground water, especially in shallow wells and aquifers is also affected since
the acid rain leaches toxic metals, especially mercury and cadmium, from
the soils and rocks and so contaminates water supplies.
On land, the forests dying in Europe and eastern North America have
been widely attributed to acid rain combined with episodes of high ozone
concentrations in vehicle-generated smogs. In susceptible areas in Europe,
over the past 30-60 years, soils to a depth of a metre have increased in acidity from two to ten times. As acid deposition continues, acidification will
proceed ever more deeply into the soil and spread further. Acid deposition
appears to affect trees through mobilizing aluminum in the soil and making
it available in toxic quantities to the tree roots which then lose length and
vitality. At high elevations concentrated between 500 to 1 500 metres in
mountainous areas, the foliage of trees is often subject to an acid bath at the
base of clouds. The acidity of small cloud droplets is about ten times that of
the larger rain drops that fall from clouds. This acidity may be combined
with high ozone concentrations moving upwards from the valleys. It is at
these elevations where much of the dead forest has been observed in
Switzerland, and in the Adirondacks in eastern United States.
In Sweden, one spruce in four and one pine in seven has suffered over
20 per cent needle loss. More than 50 per cent of forests in the Federal
Republic of Germany, the Netherlands and Luxemburg have suffered damage.

Radioactivity
For many years scientists around the globe have traced atmospheric
radioactivity and fallout from nuclear bomb tests. The most spectacular single example of long-range transport of airborne pollutants arose from the
accident at the nuclear power plant at Chernobyl, USSR.
The intense cloud of radioactivity from Chernobyl first moved with the
winds towards Scandinavia where rains scavenged sufficient amounts to
render lichen, and the reindeer browsing on lichen, radioactive. The animals were found to carry too high a burden of radioactivity to be consumed
by the people of the region. Subsequently, the trajectory of the cloud turned
southward towards Central Europe, where deposition of radioactive particles resulted in many foodstuffs incurring short-term bans for health
protection reasons. Beyond that the radioactive debris was carried by the
westerly circulation throughout the northern hemisphere.
This transport of airborne pollutants has been ruefully described as
"the democracy of the world's winds", as polluting emissions in one part of
the world can affect us all. After the Chernobyl event IAEA (the
International Atomic Energy Agency) and WMO, in case of future accidents, established an international warning service involving forecasts by
meteorological agencies regarding the transport, dispersion and deposition
of radioactive particles.
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How do we know about the
atmosphere and climate?
Global monitoring and research
From the foregoing sections, it is evident that while much remains to be
learned about the atmosphere and climate and the impacts of change, a
substantial base of knowledge already exists as a result of painstaking
measurements made over years by thousands of scientists and observers
and from their efforts to understand and predict the nature and the interactions of the various chemical and physical processes of climate. To
observe and study the global atmosphere, systematic measurements and
research must be globally co-ordinated. Co-ordination of research began in
1873 with the inception of IMO (International Meteorological Organization) and since 1950 has been achieved primarily through its successor, the
intergovernmental World Meteorological Organization. Academic institutions co-ordinate their efforts through the International Council of
Scientific Unions (ICSU). WMO and ICSU work closely together on studies
of the climate and atmosphere, and other UN organizations such as the
United Nations Educational, Scientific and Cultural Organization
(Unesco) and the United Nations Environment Programme make important contributions.
The main international programmes in this field, co-ordinated by
WMO, with the participation of its 160 Members, are the World Weather
Watch (WWW), the Global Atmosphere Watch (GAW), the World Climate
Programme (WCP) which includes the World Climate Research
Programme (WCRP), and the Hydrology and Water Resources Programme
(HWR). Initiatives of ICSU in launching the International Global
Atmospheric Chemistry (IGAC) project and its parent the International
Geosphere-Biosphere Programme (IGBP) are closely co-ordinated with
WMO programmes.
In connection with measurements of the global climate and factors
influencing it, the World Weather Watch is the system that provides
most of the basic meteorological and climatological data. Four or more
times every day, at hours fixed by international agreement, weather
observers in all countries of the world read their instruments and
exchange their observations internationally by agreed codes. This
exchange of data is the essential part of the World Weather Watch-the
basic programme of the World Meteorological Organization. It is a system
for the collection, analysis and distribution of weather and other environmental information throughout the world. It is a unique achievement in
international co-operation: in few other fields of human endeavour has
there been such a truly world-wide system, applying up-to-date scientific
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knowledge and technological developments, to which virtually every country in the world contributes, every day of every year.
To make the system effective it is underpinned by WMO projects for
the standardization of observing methods and techniques, the development
of common telecommunications procedures and the presentation of both
observational data and processed information in codes or in other ways
understood by all, regardless of language.
The number of observing stations on land is now over 9 500 and
mobile ship stations number 7 000. About one in ten of the land stations,
with balloon-borne instruments, take soundings of atmospheric conditions
up to a height of 30 km.

Main components of the World Weather Watch

•
•

•

The Global Observing System, comprising facilities on land, at sea,
in the air and in outer space, for the observation and measurement
of meteorological elements;
The Global Telecommunication System, for the rapid exchange of
observational information as well as the analyses and forecasts produced by the third component;
The Global Data-processing System, a network of computerized
data-processing centres around the world, with three World Data
Centres-Melbourne, Moscow and Washington-and 22 Regional
Data Centres.

The launching of satellites has revolutionized meteorology in general
and the Global Observing System in particular. Today, at any given time,
four highly instrumented satellites carrying automatic picture-transmitting equipment, orbit the Earth at a height of between 800 km to 1 000 km
in a path that takes them near the North and South Poles. As the Earth
rotates beneath these satellites, every point on its surface is under surveillance twice a day. They provide global observations of the Earth's cloud
cover, vertical temperature and humidity profiles, sea-surface and land
temperatures and snow and ice cover. Some also provide valuable information on changing vegetative cover.
A second system of satellites is known as geostationary, or Earth-synchronous, which means that the satellites revolve at the same speed as the
Earth, over whose Equator they are poised and are thus "stationary" relative to the Earth. There are five, positioned far out in space (about
36 000 km ) to provide global coverage of meteorological conditions from
50°N to 50°S, and a telecommunication relay point for collecting and distributing data.
Thus the World Weather Watch provides the basic information on
winds, air trajectories, temperatures, humidity, precipitation, clouds and
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other meteorological variables in order to predict and understand the transport and dispersion of pollutants in the atmosphere, and thus the linking of
causes and effects.
WMO's Global Atmosphere Watch (GAW) provides data on the
changing chemical composition of the atmosphere and of precipitation.
GAW serves as an early warning system to detect changes in atmospheric
concentrations of greenhouse gases, changes in the ozone layer and in the
long-range transport of pollutants, including acidity and toxicity of rain, as
well as the atmospheric burden of aerosols (dirt and dust particles). This
system, approved in June 1989 by the WMO Executive Council, strengthens
the WMO data-gathering activities initiated several decades ago under the
separate Global Ozone Observing System (G0 30S) and the Background Air
Pollution Monitoring Network (BAPMoN) along with other smaller measurement networks. The continuing participation of many WMO Member
countries and of both developed and developing regions is essential to this
programme.
In the mid-1960s WMO planned and established the Background Air
Pollution Monitoring Network to provide information for the continuous
assessment of the atmosphere's changing chemistry away from highly polluted city sites. A complementary urban network is co-ordinated by the
World Health Organization. BAPMoN stations provide, for example, the
continuous measurements of carbon dioxide and changes in other greenhouse gases at strategic locations around the Earth. BAPMoN and the
WHO network are the major sources of information on atmospheric pollution for the Global Environmental Monitoring System (GEMS) ofUNEP.
At present the BAPMoN network consists of 196 stations, 164 of which
have the capability of sampling for measurements of precipitation chemistry (rainfall and snow). Other measurements recorded in the observation
programme are: turbidity (transparency or clarity of the air) at 95 BAPMoN
stations; suspended particulate matter at 78; carbon dioxide at 52 (29 flask
sampling and 23 continuous sampling stations); surface ozone at 22;
methane at nine; and chlorofluorocarbons at five stations. The atmosphere
is sampled according to agreed criteria by specially trained staff, using recommended instruments and standard procedures.
As early as 1957 WMO established international procedures to assure
standardized and co-ordinated ozone observations, and their publication.
Since then, in collaboration with the International Ozone Commission and
over 60 countries, continuous measurements of atmospheric ozone have been
carried out through the Global Ozone Observing System. The network now
has approximately 140 stations around the world-complemented during the
1980s by satellite remote-sensing. This is the network that provides information on total column ozone, its vertical distribution and changes. The GAW
(G0 3 0S) programme not only provides data but also ensures preparation of
assessments of the state of the ozone layer, usually in co-operation with
UNEP and jointly with national organizations such as NASA in the USA.
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In 1975 the first WMO Statement on Modification of the Ozone Layer
due to Human Activities was prepared in response to public concern over
threats to the ozone layer from supersonic aircraft. The statement
concluded that the threat came more from pollutants originating on the
ground than from the very few supersonic aircraft which occasionally flew
in the stratosphere. Since 1975, more than 18 substantial WMO scientific
reports on ozone have appeared. It is only through the patient work of many
scientists that we know what constitutes a normal ozone layer and how
much the ozone in the stratosphere has declined over the past two decades.
A number of WMO Member countries provide vital centralized data
collection services for the GAW: Canada operates the WMO World Ozone
Data Centre and publishes ozone data every other month; the United States
provides a base for data on precipitation chemistry analyses, acid rain and
atmospheric turbidity measurements; the USSR is responsible for the
collection of solar radiation and atmospheric electricity data and the
Japanese Government has agreed to operate the World Data Centre for
Greenhouse (and other related) Gases.
In 1974, the WMO Executive Council agreed that WMO should initiate an international programme on climate. And, in 1979, following the first
World Climate Conference, the World Climate Programme (WCP) was
established by WMO Congress at its eighth session. The WCP is designed
to co-ordinate the work of scientists in WMO Member countries, and of the
UN and non-governmental organizations in four main programmes.

The four components of the
World Climate Programme

•
•
•
•

Measurement, collection and exchange of data on climate and
factors affecting it (Data);
Applying climatic information to improve the efficiency of many
economic activities (Applications);
Evaluating the socio-economic impacts of projected changes in
climate (Impact studies);
Undertaking research on the climate system (atmosphereoceans-land-biota) and the factors affecting it including
predictions of effects of increasing greenhouse gas concentrations
(Research).

The Data and Applications components make use ofWWW data and
information from climatological observation networks which are not part of
the WWW, to measure and assess global and regional climatic characteristics; the means, the extremes, the fluctuations, and the trends. Perhaps the
most important project is the Climate Change Detection Project (CCDP)
which establishes high quality sets of data drawn from around the world,
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on various climatic parameters, in order to provide definitive advice on
changes in climate, globally and regionally. Monthly reports on the dynamics of the global climate system are issued under the Climate System
Monitoring project.
To ensure that all countries of the world can contribute effectively to
climate studies, and to assist in collection and analysis of national climatic
information, WMO launched the Climate Computer or CLICOM project.
This is a standardized data quality control and management system which
runs on a low-cost personal computer. In this way each country can collect,
quality control, store, summarize and internationally exchange, data on the
climate from observing sites in their territory. CLICOM also allows ready
analysis of climatic information for application to agricultural planning,
building design, water-resource management, energy planning and other
vital economic activities. Funds for such systems in developing countries
are sometimes provided by the countries themselves, but often through
bilateral assistance from industrialized countries via WMO's Voluntary Cooperation Programme, or through the United Nations Development
Programme (UNDP). By the end of 1990, WMO will have installed such systems in 80 or more countries, and its immediate goal is to reach more than
100 countries by the end of 1991.
In some countries, safe storage and easy access to old climatic data
can be a serious problem. Valuable observations taken 100 years ago may
be stored on deteriorating paper. A project named DARE (DAta REscue),
undertaken through WMO, involving several donor countries, has nearly
completed transferring such data for all Mrican countries to more permanent storage on microfilm. Microfilm readers are provided to participating
countries and a back-up set of microfilm records is retained in Brussels, the
world centre for this project. A similar effort is being planned for Latin
America and the Caribbean. The accessibility and protection of these longterm records will prove invaluable in determining climate trends and
changes in the future.
The primary focus ofthe Applications component is to assist developing countries in applying climatic information to improve economic efficiency,
and social conditions. In most industrialized countries businesses and government agencies take for granted the availability of information such as: the
frequency and severity of droughts for agricultural. planning; the strongest
winds likely to occur during the lifetime of a bridge or tall building, for safe
design; the amount of sunshine or wind mileage available for solar or wind
energy installations-and the list could continue. Accessibility to such information is fundamental to safe and efficient design and many economic
activities, but is often not possible in developing countries. Transfer of proven
techniques and exchange of information on climatic analysis and application
techniques can be most valuable. The major focus of the WCAP is to improve
national abilities to apply climatic information effectively in the sectors of
energy, food, water, health and urban development.
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The Impact Studies component led by UNEP has supported studies
in many countries and regional analyses by the International Institute for
Applied Systems Analysis (IIASA) and others, of the potential impact of climate change and the accompanying sea-level rise on future economic and
social life. Early studies led to the development of better methodology for
such analyses and the setting up of an international network of scientists
working on this difficult subject. The studies have been most valuable in
the preparation of the report of Working Group II ofthe Intergovernmental
Panel on Climate Change on the potential impacts of climate change [10].
The World Climate Research Programme (WCRP) is one of the
most ambitious global undertakings in the history of research. Its goal is
to develop the capability of predicting the future behaviour ofthe global climate system. The predictive capabilities being sought include forecasts of
climatic conditions a season ahead, making use of studies of ocean-atmosphere interactions, and on a longer time scale, projections of future
climates resulting from augmented greenhouse gas concentrations. Both
types of prediction require complex models of the atmosphere-land-ocean
system as already described. A major objective of the WCRP is to improve
these models, primarily through better understanding of the physical, biological and chemical processes involved.
WCRP involves national meteorological, hydrological and oceanographic agencies, as well as, through the auspices of the International
Council of Scientific Unions (ICSU), the world's academic community in
these fields. Research strategy is developed by a high-level Joint Scientific
Committee, supported by a WMO-ICSU Secretariat based at WMO
Headquarters, Geneva.
The major projects underway in the WCRP are the following [12]:
• The Global Energy and Water Cycle Experiment (GEWEX),
to determine from observations and to predict by means of models, the Earth's energy balance, atmospheric heat and water
fluxes and the global hydrological cycle. The GEWEX programme
involves a major advance in Earth observations from space (Earth
Observing System initiative) and the establishment of special
studies of the hydrologic and energy cycle over selected major
river .basins;
• The Tropical Oceans-Global Atmospheric Programme
(TOGA), to develop the capability to predict the "El NifioSouthern Oscillation" phenomena resulting from the forcing of
seasonal changes in global circulation by temperature anomalies
in the tropical Pacific and more generally the coupling dynamics
of the upper tropical oceans and the global atmosphere;
0
The World Ocean Circulation Experiment (WOCE) to determine ocean currents, heat and salt transports on a global scale in
order to understand the long-term responses, over decades, of the
coupled atmosphere-ocean system.
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The WCRP has also undertaken to complement existing climatological
records over data-sparse areas (e.g. much of the ocean) to constitute homogeneous global climate data sets, that are based on a combination of direct
measurements in the field and observations from satellite. These initiatives
include an International Satellite Cloud Climatology Project (ISCCP)
to determine the global three-dimensional distribution of clouds and their
optical properties as they influence the radiation balance of the Earth.
Another equally important undertaking is the Global Precipitation
Climatology Project (GPCP), complementing existing raingauge data.
WMO's Hydrology and Water Resource Programme working with the
Federal Republic of Germany has established the Global Runoff Data Centre
at Koblenz, hence creating more reliable data on global and regional river
runoffin order to contribute to the understanding of the hydrological cycle.
Two other projects complementary to these WCRP projects are sponsored by ICSU under the umbrella of the International GeosphereBiosphere Programme (IGBP). These are:
• The Joint Global Ocean Flux Study which will study the
cycling of the biogeochemical material in the oceans, and
• The International Global Atmospheric Chemistry (IGAC)
programme designed to study the large-scale chemistry of the
lower atmosphere, making use in part of GAW data.
Each of these WCRP and IGBP projects have a major global observation component, and represent costly efforts on the part of the participating
countries and institutions. The analysis and scientific synthesis of results
also require very large commitments of expensive research and computer
time. Preliminary estimates of total national contributions to the World
Ocean Circulation Experiment (WOCE) including three satellite missions
are more than US $ 2 billion.
Strong continuing support of these efforts is needed to achieve the
improvements in prediction of future climates so essential to wise policymaking and sound decisions on fundamental economic activities.
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International policy options
and responses
It is evident that generally contamination of the Earth's atmosphere has
mostly occurred through human action over the past century. Table 2 [13]
summarizes the nature of the contamination and its main consequences.
The sources of pollution have greatly increased, and the sinks or the natural removal and cleansing processes have reduced. The nations ofthe world
are now suffering the effects of the previously largely uncontrolled use of
the atmosphere as a dump for society's waste products, and no country,
however little it contributed to the problem, is immune to the effects. Many
effects have already been observed but the scientific consensus is that the
really large changes and impacts are yet to come.
Table 2-Chemicals in the atmosphere
Issue

Smog and
arctic haze

Acid rain

Atmospheric
toxic
chemicals

Greenhouse
effect/ozone
depletion

Radioactivity

Chemicals

Soot
Metals
Organic and
acidic
sulphates
Oxidants
Nitrogen
oxides

Sulphur
oxides
Nitrogen
oxides

Dioxins/Furons
Heavy metals
PAHs (Polycyclic
Aromatic Hydrocarbons)
PCBs (Polychlorinated Biphenyls)
Pesticides
VOCs (Volatile
Organic Compounds)
Fibres

Carbon dioxide
Chlorofluorocarbons
Methane
Nitrous oxides

Radionuclides

Fossil fuels

Fossil fuels
Smelters

Principal
impacts

Visibility
Health
Climate
Crops

Lakes
Soils
Forests
Structures

Health
Water
Soil
Food chains

Climate and climate
related (e.g. sealevel rise)
Health

Health
Water
Soil
Biota

Lifetime
of effect

Days/months

Years

Decades

Decades/centuries

Varying time
scales

Principal
sources:
Man-made

Natural

Fossil fuels
Fossil fuels
Nuclear
Waste disposal
Aerosol Sprays
power
Mining
Refrigeration
Mining
Agriculture (pesticide
Agriculture
Nuclear arms
Forestry spraying)
Deforestation
testing
--------------------------------------------------------Forests
Volcanoes
Volcanoes
Volcanoes
Soil
Wetlands
Forest fires
Forest fires
Bedrock
Algae

Adapted from H. L. Ferguson
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By their efforts to tackle local pollution problems in cities and surrounding areas, the actions of individual countries have significantly reduced the
emissions of certain contaminants into the air. Such actions, including direct
pollution controls on many factories and reduction of lead in petrol, have not
only helped to lessen local pollution problems, but have also reduced the total
burden on the global atmosphere.
However, to cope with the global or large-scale regional problems
requires a further international level of commitment. This has generally been
sought through agreements between countries of a multilateral or global
nature. In a few cases bilateral agreements have been developed to address
transboundary air pollution between adjacent countries. It is instructive to
consider the major multilateral agreements now in force, those under development and those needed in the long-term to fully address the issues.
Legally it seems, "international environmental law is inadequate, both
in scope and substance" [14]. One problem is that the global atmosphere is not
defined as part of the global commons, which is taken by most lawyers to
include only those parts of the planet that fall outside national jurisdiction
(i.e. parts of the sea, the Antarctic, and presumably including the atmosphere
over these areas). This legal distinction is blind to the high mobility of the
atmosphere and the fact that contaminants emitted from one country may
quickly become global in distribution.
The key principle enunciated at the UN Conference on the Environment,
Stockholm 1972, was Principle 21:
States have, in accordance with the Charter ofthe United Nations and the principles
of International Law, the sovereign right to exploit their own resources pursuant to
their own environmental policies, and the responsibility to ensure that activities
within their jurisdiction or control do not cause damage to the environment of other
States or of areas beyond the limits of national jurisdiction.

This principle was never accepted in any legally binding way, and is technically difficult to apply.
The ideal solution to present problems would be a worldwide agreement
on the protection of the the atmosphere, a comprehensive "Law of the
Atmosphere". However, as such an international law would be complex and
take many years to develop, countries are tackling the problems one at a time,
although they are closely interrelated as to both cause and effect.
The practical approach has been to reach international agreements that
do not deal with liability for damages, but simply with specific commitments
on the part of signatories to reduce emissions or concentrations of certain substances that are clearly harming other national jurisdictions in specific ways.

Existing

internation~l

agreements

The ECE Convention on Long-range Transboundary Air Pollution
(Geneva 1979) involves the countries of eastern and western Europe and
North America (Canada and USA), i.e. the countries of the UN's Economic
Commission for Europe. It requires them to co-operate in measures to mon35

itor, study and take appropriate action to reduce long-range transboundary
air pollution. The first protocol for control measures negotiated under the
Convention was on the reduction by 1993 of sulphur dioxide emissions, or
their transborder fluxes, by 30 per cent of the 1980 levels (Helsinki, 1985).
A second protocol to control emissions or transboundary fluxes of
nitrogen oxides to levels not exceeding those of 1987 was concluded in Sofia
in 1988. This was the first multilateral regional convention on air pollution,
and the Helsinki protocol was the first to prescribe reductions in emissions.
Substantial reductions in sulphur dioxide emissions and deposition have
been achieved.
The Law of the Sea Convention which was negotiated over many
years ending in 1982, came closest to incorporating the Stockholm
Principle 21. It is especially interesting to note that Article 212 of the Law
of the Sea provides: "that States shall adopt laws and regulations to prevent
and control pollution of the marine environment from or through the atmosphere". Unfortunately, no attempt has been made to apply this atmospheric
provision.
The global Convention for the Protection of the Ozone Layer
(Vienna, 1985) was also an enabling convention-to promote scientific measurements, co-ordination of research, exchange of information and in general
to take appropriate remedial actions. WMO and UNEP continue to undertake
the ongoing co-ordination of this work. Pursuant to the Convention, the
Montreal Protocol (1987) to control substances (CFCs and related compounds)
that deplete the ozone layer is the first global agreement for protection of the
Earth's atmosphere. It provides for the gradual reduction of the production
and use of chemicals that deplete the stratospheric ozone layer to 50 per cent
by 1999. Substitutes for CFCs 11 and 12, and bans on CFC use in spray cans,
have already reduced emissions to some extent, but the realization of the
extent of the Antarctic ozone hole, and the depletion of the ozone layer in the
north temperate region, has spurred renegotiation ofthe protocol in order to
tighten the control provisions. Several countries have now committed themselves to a complete phase-out by the year 2000.

International agreements under development
Efforts are currently (1991) concentrated on the issue of greenhouse gases
and climate change. Preparatory work on a Framework Convention on
Climate Change was initiated by WMO and UNEP following a request from
the UN General Assembly in 1988 (Resolution 43/53-Protection ofthe Global
Climate for Present and Future Generations of Mankind). The main mechanism for these preparations has been the WMOIUNEP Intergovernmental
Panel on Climate Change (IPCC) established in November 1988. The first
major report of IPCC in August 1990 [10] summarized the scientific knowledge, the socio-economic impacts of climate change, and put forward policy
response options including a draft of"elements" of a Framework Convention
on Climate Change. Following extensive debate on both technical and political
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levels at the Second World Climate Conference (WMO/UNEP/Unesco and its
IOC/ICSU/FAO) formal intergovernmental negotiations are expected to begin
by early 1991. It is hoped that an international agreement with real impact
can be signed by a large majority of countries by the time of the UN
Conference on Environment and Development in Brazil in 1992.

Limiting greenhouse gases
The balance of emissions of carbon dioxide between the industrialized and
the developing countries are shown in Figure 14. Until the 1980s by far the
largest quantities of C0 2 came from the developed north. However, the projections in Figure 14 make it clear that emissions from now-developing
countries could also increase greatly and that all countries must be active participants in programmes to reduce emissions. All nations contribute, and all
will be affected.
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Figure 14-C0 2 emissions as Gt Carbon (Source: IPCC, "Business-as-Usual" scenario)

Change in national carbon dioxide emissions can be thought of as the
function of changes to three factors:
1. The carbon intensity of energy production and use (affected by the
ratio of energy produced from fossil fuels to that produced from other
sources-hydroelectric, nuclear, solar, wind and by the efficiency of
fossil-fuel burning processes).
2. The energy intensity of economic activities (i.e. the amount of energy
used per unit of Gross Domestic Product).
3. The Gross Domestic Product (GDP).
In devising strategies to control carbon dioxide emissions, a country,
especially a developing country, should not constrain factor No. 3, changes
in GDP, where increases are necessary to sustain and improve living stan37

dards. However, both factors 1 and 2 can be adjusted by most countries, especially those currently responsible for large carbon dioxide emissions.
Through national targets and international agreements, all large carbon
dioxide-emitting countries should commit themselves to annual reductions
over a decade or more of factors 1 or 2, and preferably of both. In the case
of many industrialized countries significant reductions could be achieved
at a profit over a 10-year period, with a lower annual energy bill gradually
offsetting initial investment in energy efficiency in industry, in the home,
and in means of transport.
A major advantage of pursuing energy efficiency or reduction in energy
intensity, is that not only would the emissions of greenhouse gases, especially
C0 2 and N 2 0 be reduced, but also the acid precursors (S0 2 and NOx) and
emissions of other harmful toxic substances. In many countries greater efficiency in energy use can be achieved in ways that will make industries more
competitive. The IPCC report [10] estimates that the first 20 per cent reduction of the global C0 2 emission in the year 2020 could be achieved at "low
or negative resource cost"-perhaps at a profit!
The potential can be illustrated in the case of motor vehicles. Figure 15
shows the fleet trends in the USA. From a high consumption averaging
nearly 18litres per 100 km in 1973, a combination of government standards
and market forces have cut fuel use per 100 km by half. But a number of
manufacturers have tested prototype vehicles that would use only one third

Possible measures to reduce
carbon dioxide emissions

•

•
•

•
•

•
•

38

Improvements in efficiency of energy production and use: i.e. the
use of less energy per unit of production especially in industrialized
countries and the introduction of more efficient processes for economic growth in developing countries;
Where possible the switching of energy sources to the use of more
renewable energy and less fossil fuel, or at least, to use natural gas
that emits only 60 per cent as much C0 2 per unit of energy produced as coal;
A gradual move from net global deforestation to net afforestation;
A financial arrangement to assist developing countries to more
rapid economic development in energy efficient ways, and to assist
reafforestation;
A positive means of ensuring the low-cost transfer of lower greenhouse gas emission technologies to developing countries-e.g.
refrigeration without CFCs 11 and 12, fuel-efficient motors, efficient lighting;
Support of continuing research and global monitoring efforts;
Confirmation of a phase-out of CFCs under the Montreal protocol.
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Figure 15-Efficiency of motor vehicle fuel consumption (USA)

nearly 18litres per 100 km in 1973, a combination of government standards
and market forces have cut fuel use per 100 km by half. But a number of
manufacturers have tested prototype vehicles that would use only one third
to half as much fuel as motor vehicles in 1988. Rapid introduction of such
motor vehicles into world markets would have an enormously positive
impact on global atmospheric pollution. More extensive use offuel alcohols
(e.g. ethanol) made from biomass, as in Brazil, and electric cars would also
make positive contributions.
More efficient lighting provides another example of potential savings.
Compact fluorescent lamps give the same amount of light as ordinary
incandescent bulbs, with a quarter the energy consumption and up to 13
times the life span, but with a higher initial cost. It is estimated that over
the lifetime of one such 18-watt lamp a tonne of carbon dioxide emitted
from a coal-fired electricity generating station would be saved. Widespread
introduction of such lamps could save enormous amounts of energy. In
many developing countries, electric lighting represents a large proportion of
energy demand and a major drain on household income. Development
projects to install efficient light bulbs in such countries could be
economically advantageous as well as beneficial to the atmosphere.
It is estimated that one to two billion tonnes of carbon per year could
be removed from the atmosphere for each 100 million hectares of forest
planted. This is a vast area (about a third of Western Europe) but is about
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have logged extensive areas that have been not sufficiently restocked. A
combination of vigorous support of FAO/UNEP's Tropical Forest Action
Plan and pursuit of aggressive restocking and replanting programmes in
the temperate and boreal zones could go far to restoring the major biological
sink for carbon dioxide.
It should be recognized that even the most intense efforts to reduce
emissions of greenhouse gases and the increase of uptake by vegetation will
not quickly reverse the problem of greenhouse gases and global warming.
This is because very large reductions of emissions of some gases such as
carbon dioxide are impractical and also because of the long residence times
of many ofthese gases in the atmosphere-climate system. It has been estimated [10] that in order to halt the rise of atmospheric concentrations of
greenhouse gases at present levels, reductions in man-made emissions combined with increases in absorption would have to be of the order of 70 per
cent. A 15 to 20 per cent reduction in methane would suffice owing to its relatively short atmospheric residence time.
While such a major effort would simply stabilize the problem, and not
reverse it, it must be recognized that time is of the essence, if just to achieve
this or other limited goals. Every additional five years without action to
reduce emissions commits the world to another eight per cent increase in
greenhouse gases over and above pre-industriallevels.

Adaptation to global warming
Since these foreseeable limitations can only reduce the rate of warming, some response strategies to permit adaptation to the changes are also
essential. The first should be to increase research and monitoring efforts to
improve the quality of future climate predictions and their regional distributions and effects, so that expensive adaptation programmes can be as
effective as possible.
Among the more obvious adaptations would be the raising of dikes
around low-lying ground, ensuring beaches and coral reefs are well protected, changing the species of trees planted to reflect future climatic
environment, developing water management plans less vulnerable to climate change, strengthening early warning and food security systems,
improving tropical cyclone and flood warning and preparedness systems at
both regional and national levels under the UN's International Decade for
Natural Disaster Reduction (1990-1999), preparing for poleward migrations of agricultural and forest insects and the diseases and health
problems associated with vectors affected by temperature (e.g. malaria,
schistosomiasis). It should be recognized that many of these adaptation
strategies would be more efficient through the use of forecasts and warnings of meteorological and hydrological conditions a few days to a few
months in advance. Many other planning activities and actions could be
undertaken, especially as more research results and decisions on global
policies to reduce greenhouse gas concentrations become available.
40

Conclusion
It is abundantly clear that in polluting the global atmosphere the human
species has unintentionally launched an uncontrolled experiment that
could have enormous consequences for planet Earth and all its creatures.
Warnings have been sounded by the findings of the global observing systems of WMO, by the scientific results of the World Climate Research
Programme, by the first report of the Intergovernmental Panel on Climate
Change, and on many occasions by the world's scientific community .
At the political level governments have been swift to recognize the
problem with declarations and statements such as those of the Heads of
State at The Hague (March, 1989); the leaders of the Group of Seven
Western nations in Paris (July, 1989); the eastern nations and the USSR at
the UN General Assembly; the island nations in the Maldives (November,
1989); the Ministerial Declaration of Noordwijk, the Netherlands
(November, 1989) and the Nairobi declaration-an Mrican perspective
(May, 1990). However, constructive action has inevitably been slower.
Nevertheless, some governments at national, state and municipal levels
have already adopted action plans to stabilize or reduce carbon dioxide
emissions, and steps have been taken to reduce toxic and acidic emissions.
Both preventive actions to slow down the breakneck pace of change of the
atmosphere, and also adaptive strategies are required. These actions and
strategies will affect each person on Earth, as will the consequences of airborne pollution.
Both before and after governments decide on courses of action there is
much individuals can do to help solve the problems. This includes reducing
energy uses in their personal and business lives, avoiding products with
high pollution potential and pressing governments, at all levels, for energy
conservation and forest renewal.

We are in danger of seeing the collapse of the ecological balance
between the human species and other life on the planet. It is imperative
that we act to reverse this trend before it is too late for our atmosphere, for
our planet-and for ourselves.
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