
METEOROLOGY 
AND 
ROLOGY 
FOR - 

DEVELOPMENT 



(Reprinted from SOBA Vol. 3 No. 2 - Jum 

1 992) 

"OUR COMMON FUTURE, the re- 
port of the World commission on 
Environment and Development, 
which was described as the most 
important document of the decade 

I on the future of our planet, set in 
motion in virtually every country, a 
series of initiatives whose ultimate 

I goal is the achievement of sustain- 
able development - development 
that meets the need of the present 
without compromising the ability of 
future generations to meet their own 
needs. 

This concept of sustainable develop- 
ment does imply limits - not absolute 
limits, but limitations imposed by the 
present state of technology and so- 
cial organization on environmental 
resources and by the ability of the 
biosphere to absorb the human ac- 
tivities. There have been many defi- 
nitions of sustainable development 
before and after the release of Our 
Common Future in 1987. But all such 
definitions imply the need for forms 
of development that are sustainable 
in three senses. First, development 
must not damage or destroy the 
basic life support systems of planet 
Earth; the air, the water and the soil 
and biological systems. Nor should 
development serious degrade natu- 
ral resources, such as water, soil and 
the vegetation on which human eco- 
nomic and social activities depend. 
The second aspect of the sustainabil- 
ity of development is economic, to 
provide for a contiAous flow of 
goods and services derived from the 
Earth's natural resources. Much 
more. careful and efficient use of 
these resources, our water, our soil, 
our forests is required than in past 

decades. The third implication of 
most definitions of sustainable devd- 
opment is the need for sustainable 
social systems, at international, 
national local and family levels, to 
ensure the equitable distribution of 
the benefits of the goods and ser- 
vices produced, and of sustained life 
support systems. 

The last two aspects of sustainability, 
the need for economic and social 
systems, are human-centred, 
whereas the first aspect concerns all 
forms of life on the planet. It is for this 
first aspect of sustainable develop- 
ment, the sustaining of natural sys- 
tems and resource, at weather, 
climate and hydrological services 
have a vital role to play. For many 
years these services have been rou- 
tinely observing, recording, analyz- 
ing and forecasting weather and 
climate events and their repercus- 
sions. They have contributed to our 
understanding of the behaviour of 
the atmosphere, including the vagar- 
ies of its gaseous constituents, as 
well as of the movement and storage 
of the water on and below the land 
surface. It is this knowledge and the 
ability to acquire and update it which 
have assigned a primary responsibil- 
ity to the sciences of meteorology 
and hydrology in the quest for sus- 
tainable development. 

The atmosphere of our planet is an 
essential environment and resource. 
It has developed in harrnonywith the 
biosphere of Earth, and is essential 
for life of all creatures. It produces 
the climates which determine the 
natural endowments of regions and 
the way we live. For development to 
be truly sustainable, the character of 
the atmosphere 'must not be signifi- 
cantly degraded or altered. 

One of the earliest 
signs of adverse Barge- 
scale impacts sf 
humans on the 
atmosphere was acid 
rain. A particular 
pr~blem for North 
America and Europe, it 
is the result of the 
discharge of gaseous 
sulphur and nitrogen 
oxides Into the 
atmosphere from the 
burning 0% coal 
and oil, during the 
operation of electricity 
generating and 
smelting industries 
and from transporta- 
tion. In the atmo- 
sphere, these gases 
combine with water 
vapour to form acids. 
Falling as rain or snow 
these lead to acidifica- 
tion and degradation 
of sensitive lake and 
river systems and 
damage to forests and 
to metal and limestone 
str~ctu res. 



Until tho latter half of this century it 
was generally considered that the 
envelope of air around us was so 

1 vast, and the energy involved in the 
restless weather systems so enor- 
mous, that human activities would 
have but temporary and local im- 
pacts. But measurements and doc- 
umentation of global contamination 
of the atmosphere which disprove 
this idea are now only too well 
known. Such documentation in- 
cludes the increasing acidity of the 
rain over extensive regions, the star- 
tling reductions in the stratospheric 
ozone over Antarctica during the 
southern hemisphere spring, the 
rapid rate of Increase gf the green- 
house gases throughout the global 
atmosphere giving rise to - projec- 
tions of global climate warming, and 
the inter continental transport by sea 
and air ofoxic chemicals from the 
Arctic to the Antactic in detectable, 
even dangerous amounts, and far 
away from industrial and agricultural 
sources. 

One of the earliest signs of adverse 
large-scale impacts of humans on 
the atmosphere was acid rain. A par- 
ticular problem for North America 
and Europe, it is the result of the 
discharge of gaseous sulphur and 
nitrogen oxides into the atmosphere 
from the burning of coal and oil, dur- 
ing the operation of electricity gener- 
ating and smelting industries and 
from transportation. In the atmo- 
sphere, these gases combine with 
water vapour to form acids. Falling 
as rain or snow these lead to acidifi- 
cation and degradation of sensitive 
lake and river systems and damage 
to forests and to metal and limestone 
structures. 

If human uses of water 
are to be on a renew- 

able, sustainable, 
basis they should be at 

a rate that does n ~ t  
exceed the minimum 

flows of the accessible 
rivers and in the case 
of gr~und water, the 

rate at which it is 
recharged through 

precipitation. In many 
locations these 

sustainable rates are 
being exceeded. In 
addition, pollution of 

water bodies by 
human activities is 

effectively reducing 
even more the 

available safe supply, 
especially for domestic 

use. It is estimated 
thzt human water use 
has grown 35 times in 

the past three 
centuries, and is now 
growing at between 4 
to 8% per year due to 

rapid increases in both 
per capita use and the 
total population. It is 

clear that such rated of 
growth would not be 

sustainable for long in 
many parts of the 

world. 

Perhaps the most serious threat to 
sustainable use of the Earth's renew- 
able natural resources lies in the rap- 
idly increasing contamination of the 
atmosphere by the greenhouse 
gases, and the changes in the cli- 
mate expected as a result. It is a 
pervasive issue which provides the 
most obvious reasons as to why 
more sustainable development prac- 
tices must be adopted. 

The energy that drives and shapes 
the constantly changing atmo- 
sphere-ocean-biological system, 
comes from the Sun. About on-half 
of the incoming sdar energy is ab- 
sorbed and reflected by the atmo- 
sphere with its clouds and dust, and 
other half absorbed and reflected by 
the surface of the Earth. The incom- 
ing energy is balanced by the outgo- 
ing radiation at longer, infra-red 
wavelength$ from the Earth and the 
atmosphere. A number of gases oc- 
curring naturally in the atmosphere, 
especially water vapour, carbon di- 
oxide and methane radiate much of 
this long wave radiation energy back 
to Earth, warming the air masses 
near the Earth's surface. 

Wihout this natural "greenhouse ef- 
fect" the global climate would be 
some 3 3 ' ~  colder, an uninhabitable 
environment for most present life 
forms. However since the beginning 
of the Industrial Revolution, human 
economic activities have emitted 
pollutants to the atmosphere that 
have increased the natural green- 
house effect, mostly by adding to the 
existing concentration of carbon di- 
oxide, methane, nitrous oxide and 
low level ozone, but also by the intro- 
duction of the wholly artificial green- 
house gases, especially 
chlorofluorocarbon (CFC5). 



Scientists are not yet able to predict 
with confidence what changes will 
take place in regional and local cli- 
mates or what the impacts of those 
changes on society and the environ- 
ment will be. However, In spite of the 
present uncertainties a number of 
impacts of a warmer Earth can be 
reasonably predicted. First, sea 
level is projected to rise from 30 cm 
to 100 cm by the end of the next 
century. Heavily populated low-lying 
coastal zones would be inundated or 
seriously affected by increasingly 
damaging storm surges, by salt 
water intrusion into coastal aquifers, 
and changes in shorelines. A sea 
level rise of the order of one metre 
would threaten the very existence of 
some of the smaller islands. 

A second major impact of the global 
warming is that Arctic and sub-Arctic 
areas would be 6-12'~ warmer in 
winter than at present, which would 
mean that the surface layers of per- 
mafrost would melt, the stability of 
buildings, roads and other structures 
in those areas would be threatened, 
and Arctic sea ice would be reduced. 
In the snow melt season, greater 
floods due to both a more rapid melt 
and greater accumulation of snow 
would occur. 

Changes in agricultural production 
are less predictable because of un- 
certainties as to the distribution of 
rainfall. However, most models sug- 
gest a drying of the southern por- 
tions of the great grain-growing 
areas of North America and Eurasia 
that would seriously reduce world 
cereal production and change the 
balance of agricultural exports and 
imports for a number of countries. 
There would, as well, where ade- 
quate water is available. be direct 

stimulation of plant growth rates 
because of the increased concentra- 
tions of carbon dioxide in the at- 
mosphere. . 

Another impact, not often empha- 
sized is the possibility of the spread 
of tropical diseases. In many cases 
the agents that transmit the diseases, 
mosquitoes, anails, bacteria, are 
markedly limited in their range by the 
water and air temperatures-they can- 
not thrive at temperatures lower than 
certain thresholds-often about 26'~. 
With gradual warming the areas 
would expand in which favourable 
conditions for these agents persist, 
resulting in a spread poleward of 
these tropical diseases. 

The world's surface water resources 
are already under great stress. Only 
two percent of the 1.41 billion cubic 
kilometres of water of Earth is fresh 
water of which eighty-seven per cent 
is estimated to lie in ice caps and 
glaciers and the rest in deep ground 
water. Only about 2,000 ~m~ is at 
any instant readily available in lakes, 
rivers and shallow ground water for 
numerous human uses. 

If human uses of water are to be on 
a renewable, sustainable, basis they 
should be at a rate that does not 
exceed the minimum flows of the 
accessible rivers and in the case of 
ground water, the rate at which it is 
recharged through precipitation. In 
many locations these sustainable 
rates are being exceeded. In addi- 
tion, pollution of water bodies by 
human activities is . effectively 
reducing even more the available 
safe supply, especially for domestic 
use. It is estimated that human water 
use has grown 35 times in the past 
three centuries, and is now growing 

at between 4 to 8% per year due to 
rapid Increases in both per capita 
use and the total population. It is 
clear that such rated of growth would 
not be sustainable for long In many 
parts of the world. 

In no other economic activity are the 
dilemmas of sustainable develop- 
ment so clearly evident as in the pro- 
duction and distribution of energy. 
Energy use has increased eighty fold 
since the middle of the 19th century, 
with profound effects on carbon, sul- 
phur and nitrogen flows on the 
planet. The wealthy industrial econ- 
omies of the world have developed 
on the basis of abundant cheap en- 
ergy mainly through the burning of 
fossil fuels, i.e coal, oil and natural 
gas. These are non-renewable re- 
sources, dug from the earth, It is 
estimated that each year's current 
consumption of fossil fuels repre- 
sents a million years of accumulated 
fossil deposits. Known oil reserves 
will be exhausted over the next cen- 
fury with, at current consumption 
rates, the most readily accessible 
and cheapest reserves being de- 
pleted in 30 to 40 years. Natural gas 
reserv.es and coal will last longer but 
will be consumed over the next ten- 

turies at present rates of use. In 
short, burning of fossil fuels is inher- 
ently a non-sustainable activity-fossil 
fuel resources are being exhausted, 
and their burning is rapidly changing 
the composition of the atmosphere. 
On the other hand, renewable energy 
sources, solar, wind, wave, tidal 
power and biomass energy repre- 
sent a small proportion of the current 
global energy mix. Hydro-Electricity 
is the only renewable energy source 
with a significant share (6.6%) of 
global commercial power produc- 
tion. Nuclear power occupies an im- 



portant niche in some developed 
countries, but represents only five 
per cent of the commercial energy 
production. 

The knowledge so far acquired on 
environm.tntal issues is based 
largely on the data collected through 
meteordogy, hydrological ocean* 
graphic services. Though the as- 
sgssmsnt and evaluation of these 
data, in fomath a n  be derived on 
changes in attmosphsric c6mposi- 
tion radiation budget, water balance 
and concentrath of dissolved and 
suspended materials ; M u r ~  scenar- 

Recent development in environmen- 
tal and resource issues related to the 
global atmosphere and to fresh 
water, have clearly demonstrated the 
urgent need for better measure- 
ments an? understanding d these 
components of our Eatthly inheri- 
tance. To preservs this inheritance 
for future generations and to use it for 
the benefit of all people, will require 
2n unprecedented level of under- 
standing of the atmosphere and of 
water systems, and wise use of that 
understanding in public policies. 

ios can also be predicted. These can 
then be considered by governments 
so that environmental management 
pdi ies may be adlusted to chang- 
ing situations. In this manner mete- 
ordogy and hydrdogy can be used 
to test whether or not existing devel- 
opment is sustainable and what fu- 
ture development may be most 
propitious in the context of sus- 
tainability, Well-established meteo- 
rological, climatol oglcal, and 
hydrological services provkle the es- 
sential assurance that the environ- 
ment is managed to the advantage of 
all. 
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