Changes in p
and runoff with a
changing climate
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Sayings that describe changes in
precipitation with climate change

Sunshine is delicious, rain is refreshing, wind
braces us up, snow is exhilarating, there is
really no such thing as bad weather, only

different kinds of good weather.
John Ruskin

The rich get richer and the poor get poorer!
More bang for the buck!

It never rains but it pours!
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The presence of moisture affects the disposifion
of incoming solar radiation:
Evaporation (drying) versus temperature increase.

Human body: sweats
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Homes: Evaporative coolers (swamp coolers) § &
Planet Earth: Evaporation (if moisture available)

e.g., When sun comes out after showers,

puddles dry up: before temperature
increases.




How should precipitation change
as climate changes?

Usually only total amount is considered
But most of the time it does not rain
The frequency and duration (how often)
The intensity (the rate when it does rain)
The sequence
The phase: snow or rain

The intensity and phase affect
how much runs off versus how
much soaks into the soils.
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Daily Precipitation at: 2 stations
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Frequency of precipitation: oceans
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Land precipitation| is changing significantily. overw
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The ocean as a rain gauge
1970-1995

Zonally averaged changes in:

a, P-E using 10 IPCC-class
models. Average, 107% -90%
range.

b, Difference in P-E
(mm/yr) at the ocean
surface of: each isopycnal
layer; running mean, +2s.d.

c, salinity difference along
density layers (psu) where
blue is freshening. The top
100 m has been removed tfo
minimize thealiasing of fhe
seasonal signal'in the
observations.

Helm et al. 2009
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Pinatubo Effect on Hydrological Cycle

Freshwater discharge - 3.3

— Land precipitation )
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Estimated water year (1 Oct-30 Sep) land precipitation and river discharge
into global oceans based on hindcast from output; from CLM3 driven by
observed forcings calibrated by obsenved discharge at 925 rivers.

Note: 1) effects of Pinatubo; 2) downward trend (contrast
to Labat et al (2004) and 6edney et al (2006) owing to

more data and improved missing data infilling)
Trenberth and Dai 2007; Dai et al. 2009 n
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Mount Pinatubo
in June 1991 had a
pronounced effect
on land

precipitation and
runoff (3.65).

Ocean

precipifation was
also slightily: below
normal, and the
global values are
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Drought is incrzasing most places

P I N . . .
Y * .. Mainly decrease in rain

over land in tropics and
subtropics, but enhanced
by increased atmospheric
demand with warming

(PDSI) for 1900
to 2002.

N

The time series
(below) accounts
for most of the
trend in PDSI.

1900 1920 1940 1960 1980 '20'00;—. - :
, | IPCC 2007




The intermittent natur
(average frequency over

that o

Can not come from local column.
Can not; come firom E.

¢ ° Hence has*™o come from transport by storm-scale
circulation into storm.

ipitation
2eans is 117%) means

@n average, rain, producing systems
(e.g., exinatropicall cyclones; thunderstornisy!
reachyout; and'g ojsture from distancer about;
Sto)5imes brecipitating anea.
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[Factors|in Changes in Precipitation

There are holes in the sky
Where the rain comes in

But they're ever so small
That's why rain is thin

Soinz MNilligan

It never rains but it pours!



Precipitation prefers high SSiis

The atmosphere feels the surface

through transients:
Suppose the convergence moves

:.—:.‘-—‘_,_._:_x“"'_‘z':)‘?

I’'m over
here!
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Winds produce increased surface fluxes

¢ SST changes moist static stability and alters surface
pressure gradients and thus winds

¢ Convergence preferred near warmest waters




Changes' in precipitation depend
on the mean

Precipitation has strong structure: convergence zones

A small shift creates a dipole: big increases some places,
big decreases in others

This is the first order effect in El Nifo
Hagr&aallunl L I.ﬂ.rllnull:ﬂIII:P-:I::n,.rI ’rl::- Alprill:l IIu'lnll:.ml 1???—?9?8
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Changes in SST with climate change create shifts in
convergence zones and winds (pressure gradients) that
dominate patterns of precipitation changes



How should precipitation P change
as the climate changes?

é With increased GHGs: increased surface
heating evaporation Efl and P!

é Clausius Clapeyron: water holding capacity
of atmosphere goes up about 7% per °C.

¢ With increased aerosols, EU and P
6 Net global effect is small and complex
¢ Models suggest Efl and PI 2-3% per °C.
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A basic physical law tells us that the water holding
capacity of the atmosphere goes up at about 7% per
degree Celsius increase in temperature. (47 ozp °F)

Observations show that this is happening at the
surface and in lower atmosphere: 0.55°C since 1970
over global oceans and 4% more water vapor.

This means more moisture available for storms and

an enhanced greenhouse effect. 1,14 yater vapor

More intense rains (or snow) but
longer dry spells

Trenberth et al 2003



Precnpn’raﬂon vs Temperature . ,1
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Temperature vs Precipitation

Anticyclonic regime
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Summer: Land
Strong negative correlations
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Suusly of moisiurz oyze lagd is epiricdl

¢ Over land in summer and over tropical continents, the
strong negative correlations between temperature and
precipitation suggest factors other than-C-C are critical:
the supply of  moisture.

é There is a strong diurnal cycle (that is not well simulated
by most models).

é In these regimes, convection plays a dominant role

é Recycling is more important in summer and advection of
moisture from afar is less likely to occur.

é Monsoons play a key role where active.

é Given. the right synoptic situation and diurnal cycle,
severe conhvection and.intense rains can occur.
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é The C-C effect is important over oceans (abundant
moisture) and over land at mid to high latitudes in winter.

é "The rich get richer and the poor get poorer”. More
moisture transports from divergence regions (subtropics)
To convergence zones. Result: wet areas get wetter,
dry areas drier (Neelin, Chou)

é But increases in moist static energy and gross moist
instability enables stronger convection and more intense
rains.  Hadley circulation becomes deeper.

é Hence it changes winds and convergence: narrower
Zones,

¢ "Upped ante” precip decreases on edges of convergence
zones as it takes more instability to trigger convection.
(Neelin, Chou)
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¢ "More bang for the buck”: With increased moisture,
the winds can be less to achieve the same transport.
Hence the divergent circulation weakens. (Soden & Held)

¢ Changes in characteristics: more intense less frequent
rains (Trenberth et al)

é Changed winds change SSTs: ITCZ,
storm tracks move: dipoles
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SNOW PACK: In many mountain areas, contributions
of global warming include:

* more precipitation falls as rain rather than snow,
especially in the fall and spring.

snow melt occurs faster and sooner in the spring
snow pack is therefore less as summer arrives

soil moisture is less, and recycling is less

global warming means more drying and heat stress

the risk of drought
increases substantially
in summer

* along with heat waves
and wildfires




Flood damages:
1. Local and national authorities work fo prevent: floods
(e.g., Corp of Engineers, Bureau of Reclamation, Councils)

Build ditches, culverts, drains, levees
Can backfirel

2. Deforestation in many countries:
Leads to faster runoff, exacerbates flooding

3. Increased vulnerability to flooding through
settling in flood plains and coastal regions
Increases losses.

Flooding statistics' NOI; useful for
determining weather part: of: flooding!

/4



Przciolrerion i modzls

A challenge: Issues:
Amount: distribution: Tropical transients too weak
Hurricanes
double ITCZ MTOs
Frequency: Too often Easterly waves
IﬂTCHSITYﬁ TOO |OW - GPCP 2 mm day” Gobela2l . .

Runoff: not correct
Recycling: too large
Diurnal cycle: poor

Lifetime: too short
(moisture)
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Rich get: richer, poor get poorer

Projections: Combined effects of increased

precipitation intensity and more dry days
contribute to lower soil moisture

a) Precipitation b) Soil moisture
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Oceans
é 2-3% per K increase in e N W
E andP gt
6 C-Ceffect 4-6%
¢ Sfc wind speed
6 Sea-air T diffi
& SfcRH T 02%
AR4 models A1B
2046 to 2101
Richter and Xie 2008
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extreme
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Prospects for increases
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