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*Conclusion of a National Security repor’Msks associated with changing climate.
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How Much More Rain Will Global Warming Bring?
Frank J. Wentz* Lucrexia Ricciardulli, Kyle Hilbum, Carl Mears

Simple expectations of water availability imply that the efficiency ~1
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Are climate-related changes to the
character of global-mean precipitation

predictable?

Gracme L Steplsens’ and Yonguiang Hu'
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In a climate modeling context, usually only
accumulation is considered. But for many reasons
®The frequency and duration (how often) matters
® The intensity (the rate when it does rain) matters
® The phase: snow or rain also matters

accumulation = 2 freq of X  intensity
over At occurrence when raining
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‘ The pdf shlfts from Ilght to heavier rains
that appear to follow the rate of change of
water supply (7%/K) (in models).




Summary: The predictability of Global means

Precipitation change is set by the change in total water vapor (W)
and its effect on the energy balance. Projected changes are a
direct a consequence of the water vapor feedback.

To the extent that increased W is predictable (from C_C
arguments), then the global increase of precipitation too is
predictable.

The pace of precipitation increase does not keep pace with the
increased vapor (~2%/K versus 7%/K)

The implication is the water re-cycle (Atimescale ~AW/AP) slows.
One way this slowing can occur is though reduced frequency of
storms.

Empirical evidence suggests that storms increase in intensity
though increased water supply and a shift in the pdf occurs



2) The global resolved scale - dynamics
controlled, water supply dependent
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Latitude

Changes in the saltiness of the oceans tells
about how the water cycle is changing — the
wet areas get wetter and the dry areas drier -
we think this is also occurring over land
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Durack et al. 2011
Evaporation —minus Salinity Change in Salinity over 50 years

precipitation

These look a like

First global map of salinity from e
Aquarius, Launched in 2011



The imprint of system dynamics and moisture transport
on regional changes to the terrestrial water balance

» Altimetry shows drop in global
mean sea level.

Slope = 3.2 mm/year '

£
= « Significant part can be attributed
3 to mass transport from ocean to
S land caused by La Nina.
-
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year

Evaporation Global Sea Level
Drops 5 mm in 2010/11

Mass in millimeter of water thickness

Reference: Boening et al. (2012)
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e Challenges of Precipitationiover

" "land Land
o

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

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

é In these regimes, convection is a
dominant role

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

& Monsoons play a key role where
active.
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Projected Patterns of Precipitation Changes

multi-model ~ AIB DJF multi-model A1B JUA

®IPCC 2007: WG1-AR4
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JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 115, D24211, doi:10.10292010JD014532, 2010 B atiaX
CloudSat{1X

Dreary state of precipitation in global models

Graeme L. Stephens,' Tristan L'Ecuyer,' Richard Forbes.” Andrew Gettlemen,”
Jean-Christophe Golaz,* Alejandro Bodas-Salcedo,” Kentaroh Suzuki,' Philip Gabriel,' i l '
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Global observations of the transition from cloud to
precipitation
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An assessment of the warm rain process in global ES
models
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And observations can now conrain the parameterizations
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Key Challenges —pushing model resolution toward
resolving what matters
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Fia. 2. Schematic of the local atmospheric water balance. The
large arrows indicate atmospheric moisture divergence, which is
mostly compensated for by evapotranspiration £ and precipita-
tion P, as changes in atmospheric moisture storage are small. At
the surface E — P is balanced by surface and subsurface runoff,
and changes in soil moisture and groundwater.
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1

Diurnal Cycle in Frequency of High Cloud (<150Wm- ) as a function of size (Area 2)

® Observations show clouds growing in length scale during day with small clouds peaking in early afternoon
and big clouds peaking in the late evening through to early morning for very largest clouds

® 12km model with paramterized convection shows all lengthscales peaking at roughly the same time except
vey largest clouds which peak in early evening

Models with explicit convection capture the growth of the clouds during the day and have timing of diurnal
cycle OK

Maximum in small clouds in explicit runs occurs erroneously around midnight due to unrealistic
fragmentation of cirrus clouds, which can partly be ameliorated by changing in the vertical mixing scheme

4km 3DSmag 12km (param) 1.5km 12km (explicit)
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The focus is a systematic exploration of the dependence of the terrestrial water
processes on model resolution:

e Convection and storms (ARs, MCCs, TCs,...)

* Model biases in seasonal temperature/precipitation

* Hydrological applications/droughts/floods
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