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WHY WATER?



SCHEMATIC OF THE WATER AVAILABLE TO
A SOCIETY/COMMUNITY

ECONOMIC NEEDS AND
OPPORTUNITIES

ENVIRONMENTAL NEEDS

HUMAN NEEDS

THE EMPHASIS PLACED ON EACH CATEGORY IS
A FUNCTION OF THE VALUES OF THE SOCIETY
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A Water resources and use in the world
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EARLY IRRIGATION SYSTEMS WERE
RATHER INEFFICIENT..

BUT DURING THE LAST DECADE OR
TWO MORE EFFICIENT SYSTEMS
HAVE BEEN BROUGHT ON LINE.




Philosophical differences in thinking about freshwater (1):

Every drop on land is wasted
if it is not used
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Location relative to the headwaters
gives greater rights to the water
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Philosophical differences in thinking about freshwater (1l):

Atchafalaya River - Thap
Water as the grand waste Mississippi River

disposal mechanism
Or..

Keeping the water at
potable water standards

(after Scavia)

HIV Childhood and other

150 13% Deadly waters: how long

can the world be silent?

B
10% Total children deaths due to water

Pollution and water based disease
vectors: ~5.5 million per year

Water related
19%

Respiratory
(infectious)
Maternal, perinatal, 24%
nutrition
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Who owns: 1) access to the water and 2) the water itself?
Public and private ownership issues
Transboundary issues

Intensity Level 3 Conflict 1979 - 2002

Number of
Treaties
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Water Avalilability:

Overview of: 1) the amount of clean water, 2) classification of water (green, gray, blue),
3) surface water, 4) accessible and useable surface water, 5) groundwater,

6) Variability and extremes, and 7) uncertainties.

e Seed = UNESCO

L] Major groundwater basin with highijyroductive aquifer. IAH

B Area with complex structure including some important aquifers  Novy. 2002

- . . ) ) (the World
Area with generally poor aquifers, locally overlain by ribexd Hydrologeological
aquifers. Mapping and Assessment

Programme , WHYMAP)



Factors affecting the use of water
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The future water requirements of agriculture,
biofuels and other water users.
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Challenge: Reduce uncertainties in the information being used in planning
for future water use.



Global Freshwater

The Science issue 25 AUGUST 2006
"Freshwater Resources"

Vol. 313 (#5790) Pages 101645 has devoted
an entire section to the description of freshwater
ISsues, namely

wGlobal water cycle and freshwater supply
oPollutants in the aquatic system
«Waterborne diseases

oSustainability

ubDesalination




Freshwater availability

Availability of Freshwater in 2000
Average River Flows and Groundwater Recharge

Countries with

the least freshwater resources i

Egypt : 26

United Arab Emirates : 61

Countries with

the most freshwater resources )
Suriname 1479 000 L 4 /
Icedand 1 605 000

X

® 0 1000 1700 5000 15000 S0000 605000 M per capita per year
A | Data not avatable AT

Source: World Resaurces 2000-2001, People and Ecosystems: The Fraying Wikb of Life, Wodd Resources Instaule {WHI), Washington DC. 2000




The human dependence on water has been
exemplified by various disturbances such as
failure of crops during periods of droughts,
lack of quality freshwater during floods,
human development and the reduction of
recharge to groundwater.

The interaction between the biosphere and
the atmosphere is controlled in most part

by the movement of water via the process

of evaporation and transpiration. The
changes in the biosphere results in changes
in these fluxes which result in feedback to
the local and regional hydrometeorology as
well as systematic changes in global climate.



IMPACT OF GLOBAL CHANGE ON
WATER



Table 3.1Climaterelated observed trends of various components of the global freshwater

system.
Observed climateelated trends
Precipitation Increasing over land north of 3™ over the period 19042005.

Decreasing over land betweenADand 38N after the 1970s

Increasing intensity of precipitation

Cryosphere

Snow cover Decreasing in most regions, especially in spring

Glaciers Decreasing almost everywhere

Permafrost Thawing between 0.02 m/yr (Alaska) and 0.4 m/yr (Tibetan Plateau)

Surface waters

Streamflow

Increasing in Eurasian Arctic, significant increases or decreases in some river basins

Earlier spring peak flows and increased winter base flows in Northern America and Eurasi

Evapotranspiration Increased actual evapotranspiration in some areas

Lakes Warming, significant increases or decreases of some lake leve
and reduction

Groundwater No evidence for ubiquitous climateslated trend

Floods and droughts

Floods No evidence for climatelated trend but flood damages are increasing

Droughts Intensified droughts in some drier regions since the 1970s

Water quality No evidence for climateelated trend

Erosion and sediment transport No evidence for climateelated trend

Irrigation water demand No evidence for climateelated trend



The warmer future climate leads to an increase

the length of the growing season, so that the
East Anglia UK watershed NEIAZYyQa azAta NBUdNY

autumn and start drying out sooner

_ In the spring. This leads to a reduction in the
2050s High |ength of the recharge period as shown in Fig. -
AT B
A ‘a

7 /]

\\\J J/

Y,
A

SENNN

)

N
N

Change in annual
A4 ,y weeks of recharge
[_1>0
» 0
A -5-0
B -10 - -5
Bl <-10
Fig. 5 Change in the average annual potential
recharge period ¢omparedto the Baseline) in
the 2050s High climate change scenario

Climate change impacts on groundwater rechamgeertainty, shortcomings, and the way
forward?l. P. HolmarHydrogeology Journal (2006) 14: @847
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Water stress indicates the intensity of pressure put on water resources and aquatic ecosys
by external drivers of change.

Generally speaking, the larger the volume of water withdrawn, used and discharged
back into a river, the more it is degraded and/or depleted, and the higher the water
stress.

¢CKS KAIKSNI GKS ¢F0SNI adNBaaszs 0KS aaNery3asS
and between society and ecosystem requirements (Rastkah., 1997; Alcamo et al.,
2003a).

A level of severe water stress indicates a very intensive level of water use that
likely causes the rapid degradation of water quality for downstream users (where
wastewater treatment is not common) and absolute shortages during droughts.

G2l GSNJ auNBaaégd | faz AyOfdzZRSa (GKS LINBAaAdzN
sense that climate change could lead to changes undesirable to society (e.g. reduced
average water availability), or to aguatic ecosystems (e.g. unfavourable changes in

river flow regime).
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[low water stress] [medium water stress] [severe water stress]

Fig. 1 Water stress in the 2050s for the A2 scenario based on withdrateals
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surface or groundwater sources within a river basin for various anthropogenic uses
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corresponds to annual river discharge, that is, combined surface runoff and
groundwater recharge.



Changes in precipitation will raise or lower the average volume of river runoff.

Meanwhile, the expected increase in air temperature intensifies evapotranspiration nearly
everywhere, and hence reduces runoff.

These two effects interact differently at different locations and produce the net increase or
decrease in water availability shown in Fig. 7. Since evapotranspiration increases nearly
everywhere, it tends to counteract the effect of increasing precipitation wherever it occurs.

Hence, the area of increasing water availability is somewhat smaller than the area of incre
LINBOALIAGI GA2Yyd C2NJ SEI YLX ST dzyRSNJ aO0Sy I N
increasing annual precipitation (relative to the climate normal period) as compared to 51%
having increasing annual water availability.
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Fig. 7 Change in average annual water availability between climate normal period
(1961¢1990) and the 2050s under the A2 scenario.



While increasing water availability could have a positive influence on society by reducing
river basin water stress, an increase in water availability in one season may
not be beneficial during that season, nor transferable to another season.

An increase in annual water availability may also be accompanied by a higher risk of
extremely high and damaging runoff events. For the 2050s, under the A2 scenario, we
estimate a significantly increasing risk of higher runoff events over 10.5% of total global
river basin area (using an indicator described in the caption of Fig. 8).

Included are many humid regions, such as northern Europe, western India, northern Chi
and Argentina (Fig. 8).

For the same scenario and period, 16.3% of the global area of river basins
may be subject to more frequent low runoff events (Fig. 8), including such arid regions
as southern Europe, Turkey and the Middle East.



Combined changes in coefficient of vanation (runoff) and mean water availability

- _ |
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Fig. 8 Change in extreme runoff events. This figure depicts different combinations of
changes in mean precipitation and the coefficient of variation of runoff. Computed by
the WaterGAP model (A2 emission scenario, for the 2050s, ECHAM climate model).
Orange indicates a decline between 5 and 25% in annual precipitation and an increase
in the coefficient of variation of runoff of between 5 and 25%. Red indicates a decline
of more than 25% in annual precipitation and an increase in the coefficient of

variation of runoff of more than 25%. Light blue indicates an increase between 5 and
25% of annual precipitation and the coefficient of variation of runoff, and dark blue an

increase of more than 25%.



Undernourished
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Fig. 1. Worldmapshowing the links between undernutrition and hydebmatic preconditions.
Prevalence of undernourished in developing countries is shaatthe country level as the
percentage of population 20@2002. Hydreclimatic distribution of semiarid and digubhumid
regions are shown in gray. These regions correspond to savanna and stepfgsEagystems,
dominated by sedentary farming and subject to extreme rainfall variability and high occurre
of dry spells and droughts.



Percentage Increases under Future Climate Scenarios

2041-70 annual
% Increase

2041-70 winter
% Increase

2061-90 winter
% increase

2061-90 annual
% increase

% increase
I 10-20

I 1- 10

Figure 5. Percentage increases in annual and winter effective
runoff for 204X 2070 and 20642090scenarios.




Although the studies assessing the impacts o
climate change on California hydrology

have differed in their methodological
approach, their results tend to agree in certail
critical areas. Results consistently show that
Increasing temperatures associated with
climate change will impact Californian
hydrology by changing the seasonal
streamflow pattern to an earlier (and shorter)
spring snowmelt and an increase in winter
runoff as a fraction of total annual runoff (see
Figure). These impacts on hydrology vary by
basin, with the key parameter being the basir
St SOl iGA2y NBfIFOGAGS i
snow accumulation and melt periods and the
prediction of temperature increases

The evolution of climate change impact studie
on hydrology and water resources in Californi
S. Vicuna & J. A. Dracup

Climatic Change (2007) 82:33B0



