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What Does Climate Change
Mean for Water Resources?
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Water, essential to life, plays a
critical role in Earth’s climate
system.

The weather brings the water.
But water also plays a large part
in driving the weather.

Let’s briefly review how the
unique properties of this
molecule make it so important
at the global scale.

Variations in space and time —
specifically, trends related to
atmospheric composition — will
be expressed in variable effects
on water resources as the
earth’s climate system changes.
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Radiative Imbalance
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Energy transfer (1022 cal yr )
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High Latent Heats of Phase Change

 Energy required to break hydrogen bonds
in melting (A;) or vaporization (A,)

e = energy released in freezing or
condensation

* Water’s A; and A, are very high relative to
other common substances

A. =3.34x10° Jkg™tat0° C (decrezses wi
A, =2.495%10° J kg™t at0° C

temperature)



Latent Heat of Phase Change

 Important role in
— Heat transport on the global scale (latitudinal)
— Precipitation formation
— Vertical (land or ocean to air) energy transport

 Makes water vapor a store of energy, cooling
its evaporation site and warming its
condensation site



Energy Transport by
“Latent Heat”

Evaporation
(Cooling)

Atmospheric motion
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Thermal Capacity

e Temperature represents the vibratory
energy of molecules

* |[n water, much energy must be used to

break hydrogen bonds rather than increase
vibration

e Result: Thermal inertia. Oceans, other
bodies of water (and warm-blooded
organisms) can regulate their temperatures
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Water vapor is the dominant greenhouse gas. The water vapor
feedback loop actually makes temperature changes caused by CO2

even bigger.
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Global Water Stocks (in km?3) and Fluxes (in km?3 yr-1)
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Water Resources

e Total Runoff (RO) from continents — Rivers/lakes and
groundwater

(44,700 + 2,200) km® yr* 6,700 m° yr™

7 billion people person

e Current global rate of withdrawal
e 580 m3 yr! person
e Developed countries:

e 2,500 m3yrtperson



Freshwater availability,
cubic metres per person and per year, 2007,
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Water Scarcity

Water stress indicator (WSI) in major basins: ~ »
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What does climate change mean for
water resources?

e Averages are meaningless

— Natural system is inherently variable and
unpredictable

— Human settlements are variable and
unpredictable

e Changes must be understood and assessed
regionally; nonetheless,

e The system is connected



Modeling Hydrologic Responses to
Climate Change

Ali Sadeghi
USDA-ARS Hydrology & Remote Sensing Laboratory

CBS/AP/ September 26, 2013, 11:40 AM —l

U.N. panel 95 percent certain
climate change is man-made




