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Already manifested challenges including shifting seasonal 

rainfall, increasing climate variability and their impact on 

water resources availability are likely to be exacerbated by 

climate change impacts, including sea-level rise and the 

likelihood of increases in extreme events such as floods 

and droughts. This will lead to far-reaching repercussions 

for food production, health, energy, urban and industrial 

water supply and biodiversity. It will affect people, eco-

systems and socio-economic development, potentially 

jeopardising sustainable development and poverty reduc-

tion efforts.

Higher water temperatures and low flow conditions as a 

result of droughts are projected to worsen water quality. A 

reduction in groundwater storage in coastal areas can cause 

an intrusion of saltwater into groundwater-based water 

supply schemes. Sea-level rise in coastal regions likewise 

affects groundwater aquifers, reducing freshwater availabil-

ity. Floods may re-activate river sediments containing toxic 

materials. 

Better integrated water management will be key to our ef-

forts to adapt to climate variability and change. According 

to UN-Water, it will require policy shifts and significant in-

vestment, and more comprehensive and sustainable data 

collection and monitoring systems to improve and share 

knowledge about climate and water and derived adaptation 

strategies and actions. 

This conceptual perception underlies the Global Framework 

for Climate Services, which has identified water as one of its 

top priorities. The Framework aims to strengthen the flow 

of climate information to all sectors of society to ensure 

that decisions are based on the best possible science. It will 

provide a permanent platform for dialogue between climate 

information providers – including meteorological and hy-

drological services – and users in the water, food security, 

disaster reduction and health sectors. 

Agriculture consumes more than 75 per cent of freshwater 

resources worldwide. Knowing about the onset, location 

and intensity of rainy and dry seasons well ahead of the pro-

jected onset helps farmers plan the timing of planting and 

variety of crops. Climate conditions also affect the amount 

of water available for hydropower generation. Better man-

agement of water storage in dams, reservoirs, streams and 

groundwater aquifers helps moderate the variability of water 

resources availability as well as improving the management 

of floods and droughts. 

Climate data and information underpin the planning and 

management of surface water supplies and disaster risk 

reduction. They are essential for calculations regarding 

the frequency and duration of heavy rainfall, the probable 

maximum precipitation, low-flow and flood forecasting and 

water resources assessment. Such data, collected on week-

ly, seasonal and annual timescales and at national, regional 

and local levels, and shared with stakeholders at all levels 

are now more essential than ever to develop operational 

water management strategies, including flood and drought 

preparedness and response.

To learn more about the Global Framework for climate 

Services visit www.wmo.int/gfcs

water is fundamental to life. Population growth, urbanisation, and soaring industrial 

and agricultural use have increased demand for this precious natural resource. at the 

most basic level, people need freshwater drinking supplies which are increasingly 

strained in areas such as arid parts of South america and africa and inland regions 

of asia and australia. groundwater reserves are being depleted and, globally, water 

scarcity is a major problem, affecting one in three people. 

One of the most characteristic symbols of climate change 

is the melting of glaciers. Since the beginning of the 20th 

Century up to 70 per cent of the African tropical glaciers have 

been receding and more than 20 per cent of the European 

glaciers have disappeared in the past 30 years1.

Snow and glaciers provide the world’s most important stor-

age of freshwater. The melting of snow and glaciers result in 

a drastically changed pattern of water resources availability 

most notably from the high mountain ranges of the world. 

In the Himalayan range alone, over 1 billion people are af-

fected from changes in the storage of water in the form of 

snow and glaciers. Considering that almost 70 per cent of 

the world’s fresh water resources are stored in glaciers and 

ice, mostly in the poles and Greenland, increased melting as 

a result of climate change leads to sea level rise with direct 

consequences in many coastal regions of the world. Melting 

ice caps, in particular at the poles, are also said to acceler-

ate climate change processes as their capacities to reflect 

sunlight will be diminished. Knowledge about how, when 

and how fast glaciers and snow-covered areas are melting 

are essential for long-term adaptation to climate change on 

global scale as well as for hundreds of millions of people 

who depend on high mountain regions as their water tow-

ers. Several initiatives around the world have developed 

tools to help assess future projected climate change effects 

1	 	www.grid.unep.ch/glaciers

on glaciers, snowmelt and runoff and subsequent impacts 

on human activities. They are supported by a network of sta-

tions monitoring glacier mass balances, their accumulation 

as well as melt characteristics, dynamics of snow fields which 

are critical input information for modeling changes in snow 

and glacier fields to simulate impacts on water resources 

and related fields depending on the changing availability in 

time and space of water resources from melting glaciers and 

snow. The World Meteorological Organization’s Cryosphere 

Watch is a fundamental initiative that supports observations 

and monitoring of glaciers and snow. Scientific knowledge 

about cryospheric processes including glacier mass balanc-

es, snow and glacier melt and its consequences on water 

– the hydrological cycle – most significantly in changes of 

water resources will form the foundation of measures to 

adapt agricultural practices to changed water flows, provide 

adequate information for the design and operation of hydro-

power plants, prevent disasters from glacier lake outburst 

floods , and help communities dependent on snow and gla-

ciers for fresh water supplies.

Managing altered hydrological flow in a changing climate

Changes	 in	 the	extent	of	glaciers	over	 the	past	century	( from	

www.worldviewofglobalwarming.org/pages/glaciers.html)

Changes	 in	 hydrological	 flow	 such	 as	 here	 in	 the	 Wangchu	

Basin,	Bhutan	may	aid	stakeholders	 to	prepare	 for	 the	 future	

( from	ICIMOD,	geoportal.icimod.org/ScienceApplication)



Floods are natural occurring events caused by excessive 

rainfall and sometimes coupled with simultaneous snow-

melt. Beneficial aspects of floods relate to multiple harvests 

(Bangladesh), sustained fishery (Mekong River), irrigation 

(Nile River) and ecological diversity especially in wetlands 

such as the Okavango region. However, floods can threaten 

life and livelihoods, and can be detrimental to crops, live-

stock and infrastructure such as houses, industries, roads 

and bridges. 

People	affected	by	flood

Rivers have undergone numerous structural modifications 

such as dredging, rectifications, damming and many more 

in order to control floods and improve inland navigation. 

These structural modifications have been based on historical 

climate and hydrological data, without taking into account 

future climate variability and its effects on flood generation. 

With a changing climate, past design criteria based on histor-

ic records may no longer be a reliable guide for the future: the 

intensity and frequency of precipitation is likely to change, 

resulting in a change of the recurrence periods, and magni-

tude of floods. 

Climate variables are a critical component to flood man-

agement measures: knowledge on seasonal meteorological 

variables is the basis to allow, for example, early warning 

and the production of flood risk maps. Information on cli-

mate changes in the next decades needs to be integrated 

into the planning of land-use as well as of urban areas, and 

to the adaptation of existing structural as well as non-struc-

tural measures. A variety of climate services integrating 

climate information into flood management will provide 

benefits to improved actions in flood management. The 

challenge for the future lies in the improvement of climate 

predictions with reduced uncertainties at the temporal and 

spatial scales required by flood managers. It is therefore 

important to allow for a collaborative framework between 

the climate information community and the flood manage-

ment community.

Managing floods in a changing climate

The	 complex	 causes	 of	 flooding	 necessitates	 an	 integrated	 approach	 toward	

flood	management	(see	also:	www.apfm.info)	allowing	a	closer	interaction	be-

tween	the	climate	and	flood	communities

drought is widely recognized as a slow on-set natural haz-

ard that occurs as a consequence of climate variability and 

change but also due to unsustainable resource management, 

partly as a result of population pressure and other demo-

graphic and socio-economic factors. 

In recent years, concern has grown world-wide that droughts 

may be increasing in frequency and duration and in areas 

that so far were not drought-prone due to climate variabil-

ity and change. Responses to droughts in most parts of 

the world are generally reactive in terms of crisis manage-

ment and are known to be untimely, poorly coordinated and 

disintegrated. Consequently, the economic, social and envi-

ronmental impacts of droughts have increased significantly 

worldwide. Because of their long-term socio-economic im-

pacts, droughts are by far the most damaging of all natural 

disasters. The Intergovernmental Panel on Climate Change 

Fourth Assessment Report stated that the world indeed has 

been more drought-prone during the past 25 years. Whether 

due to natural climate variability or human-induced climate 

change, there is an urgent need to develop better drought 

management strategies that are based on changed national 

drought policies, improved scientific knowledge. Improved 

drought management also needs to ensure broader social 

responses to manage the risks and mitigate the effects of 

droughts. This can be achieved through better regional and 

global coordination of drought-related efforts of existing or-

ganizations and agencies with regard to:

• Better scientific understanding and inputs for 

drought management;

• Drought risk assessment, monitoring, prediction 

and early warning;

• Policy and planning for drought preparedness and 

mitigation across sectors; and

• Drought risk reduction and response.

Climate Services can provide an array of tools to assess, 

monitor, and predict droughts such as an analysis of  major 

climatic factors and  variability for planning and manage-

ment of national resources; seasonal forecasts which can 

indicate the on-set or continuation of a drought spell; and the 

production and dissemination of  drought advisory bulletins 

and products based on input from water, agricultural, and 

health experts to be used by decision-makers from govern-

ment officials to water managers to farmers.  

One example of this kind of tools is the North American 

Drought Monitor which involves collaboration between in-

stitutions from the disciplines of agriculture, water, civil 

protection and meteorology from Canada, USA and Mexico 

to provide a single monitoring product. This results in better 

drought planning, preparedness and mitigation efforts at the 

national, regional and local levels.

Managing Drought in a changing climate

Drought	 events	 are	 challenging	 for	 the	 nomadic	 herders	 of		

the	Sahel

Integration	 of	 several	 drought	 indexes	 with	 impacts	 on	 agri-

culture	and	hydrological	resources	at	continental	scale.	North	

American	Drought	Monitor	sharing	resources	from	Canada,	the	

US	and	Mexico

www.ncdc.noaa.gov/temp-and-precip/drought/nadm
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