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Introduction 22 Reading

“Observational records and climate projections
provide abundant evidence that freshwater resources
are vulnerable and have the potential to be strongly
Impacted by climate change, with wide-ranging
consequences for human societies and ecosystems.”
IPCC (2008) Climate Change and Water
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How will global precipitation B Rending
respond to climate change?
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Allan et al. (2013) Surv.
Geophys. in press.

See also: Hawkins &
Sutton (2010) Clim. Dyn.
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Increased Precipitation
More Intense Rainfall
More droughts

Wet regions get wetter,
dry regions get drier?

Regional projections??
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Physical basis: (1) Radiative cooling
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Andrews et al. (2009) J Climate
See also:
Manabe & Wetherald (1975) JAS; Allen & Ingram (2002) Nature
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Physical basis: (2) Clausius Clapeyron
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« Strong constraint
upon low-altitude
water vapour over
the oceans

« Water vapour is a
very forgiving
climate variable!

« Land regions?

« Upper troposphere?
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Convective

rainfall draws in
moisture from _,
surroundings

« Large-scale rainfall events fuelled by moisture convergence
— e.g. Trenberth et al. (2003) BAMS. But see also Wilson and Toumi (2005) GRL
- Intensification of rainfall (~7%/K?)
O’'Gorman & Schneider (2009) PNAS; Gastineau and Soden (2009) GRL
» Is there a positive latent heating feedback on hourly intensities?
Lenderink & van Meijgaard (2010) ERL; Haerter et (2010) GRL
r.p.allan@reading.ac.uk
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Contrasting precipitation response expected

Precipitation -

Temperature -
e.g. Allen and Ingram (2002) Nature; Allan and Soden (2008) Science
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Physical basis (2a):
Moisture Balance

Projected (top) and
estimated (bottom)

changes in P-E
Held and Soden (2006) J Climate
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FIG. 7. The annual-mean distribution of (P — E) from the ensemble mean of (a) PCMDI
AR4 models and (b) the thermodynamic component predicted from (6) from the SRES A1B
scenario.
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Detection of zonal precipitation trends
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Zhanq et al. 2007 Nature
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Observational perspective

e Can satellite era datasets be exploited to:
— Understand systematic biases in simulations?
— Detect trends in hydrological variables?

— Quantify relationships describing physical
processes operating with the global water cycle
and evaluate climate simulations?

e Primarily focus on precipitation estimates and
its “fuel”, water vapour

r.p.allan@reading.ac.uk
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Allan et al. (2013) Surv. Geophys: see also O'Gorman et al. (2012); John et al. (2009)
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Upper Tropospheric water vapour?
Trend in brightness temperature difference: 1983-2004
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Interca
Tropos

e Sampling issues

— Infra-red vs microwave

Inter-Calibration using

satellite nadir overpasses

— Polar overpasses

— Satellite drift overpasses

e Correction for orbit drift

— Diurnal correction

e Climate models?
John et al. (2011) JGR;
John et al. in prep.
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Pressure level [hPa ]

. . . University of
Changes in moisture transports into ® Reading
tropical wet region per K warming

200

400

600

800

1000

interannual variability

EH5 C21 +
EHS, C20 —+—
ERA, C20 ——— _

-2e+06 0 2e+06 4e+06 6e+06 B8e+06 1e+07

AME/AT kg *s™ *hPa™' * K]

Pressure level [hPa ]

climate change

0 T T .
ME c21 - Mp cop EHS —
200 | —
400 i
_'I_
600 *\,\‘\k -
S
800 | ~—_ i
.
e
10[}0 | | | __—_I—-b’i'
-2e+06 0 2e+06 4e+06 Ge+06 8e+06
AMg/AT kg *s™ *hPa™' * K]

Enhanced moisture convergence at low levels with warming

Significant outflow at mid-levels
Zahn and Allan (2013) J Clim, in press; Allan et al. (2013) Surv Geophys, in press
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CMIP5 simulations: Wet regions get
wetter, dry regions get drier
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Liu and Allan in prep; see also Allan et al. (2010) ERL.
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Horyuji PAGODA

HydrOlogical cYcle U derstanding via Process-bAsed GIObal Detection, Attribution and prediction
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How consistent are satellite
 precipitation datasets?

Tropical ocean (30 °N-30°9)
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Are satellite and CMIP5 simulations J=
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of precipitation changes consistent? g~
Note consistency between atmosphere-only AMIP model "'w:;cle
simulations over land and GPCP observations. This is not

the case for the ocean, in particular before about 1996.

Oceans Land
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Water vapour Precipitation

NWP day 3

P HadGEM2 )P { TRHM)

WY HadGERZ 3 -LIY (55K T )

150

155

15N},

L]

155

Can NWP models be used to B e
investigate systematic biases?

PreC|p|tat|on NWP - OBS Water vapour NWP - OBS

E%a ’

{n\“” o

A\ 1 B -
E0OE 120E 1200 1200 =TT o 0 BOE 120E 120 1200 =1l 1] ]

[ i — T T T
-9 -7 -5 -5 —1 i = 5 r a

| HadGEM2-AMIP - OBS



mailto:r.p.allan@reading.ac.uk

(mm/day)

ipitation

Prec

0

[

Diurnal Cycle in Precipitation:

UK Met Office NWP vs TRMM data

Indian Ocean

521 0 3 6 9121518

Western Pacific

I

W

7.5

7 5

6.51

6 s

557}

5 s

4.5

151821 0 3 6 9 12
Q

0 3 6 912151821

Africa Land
0 3 6 912151821

4 1 L 1 L L 1 L
0 3 6 912151821

Asia Land

1821 0 3 6 9 1215

16

14}

12}

10}

0 1 L L n L 1 L
0 3 6 912151821

2 1 L 1 L L L
0 3 6 912151821

Central Pacific

4_5'g151821 03609

0O 3 6 912151821

Australia

0.5151821 0 3 6 912

0.45

04}

0.35¢

03}

0.25¢}

0 0O 3 6 912151821
Hour (L. ocal time)

@ Unlver5|tyof
Reading

Eastern Pacific Atlantic

3.6}
34t
3.2t

287t
267}
247t
22¢t

1.8

1 L 1 n L 1 L 1
0 3 6 912151821

9 12151821 0 3 6 3 6 912151821 0

0 3 6 912151821 0 3 6 912151821

America Land
6 912151821 0 3

—&— TRMM
— © —Day 1
—o— Day 2
—c— Day 3

Day 4
@) Day 5
Day 6
O Day7



mailto:r.p.allan@reading.ac.uk

LTAN (Hour}

B8 Reading
SSM/I(S) Equator Crossing Times

Plot Last Updated: 11—-Apr—2012
24 + + -  r . ~ 1+ v -+ 1 *r r r r T ‘T T T T ]

22

F15

20 F14

e e e e R

18

QuikSCAT WmdSat \ \

16

14

| Remote Sensing Systems jﬁ" AMSR—-E

WO NCIME5.000Mm

12 ey

1935 1980 1885 2000 2005 2010 2015
Year

r.p.allan@reading.ac.uk



mailto:r.p.allan@reading.ac.uk

@ Unlver5|tyof
Reading

Propagation of precipitation anomaly
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Evaluating climate model
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simulations of precipitation extremes
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Figure 2 | Sensitivities (% K1) of the 99.9th percentile of precipitation
for varability versus climate change in the CMIP3 simulations. The solid

Can observations be
used to constrain the
projected responses in
extreme precipitation?

O’Gorman (2012)
Nature Geosciences

See also Allan and
Soden (2008) Science
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Allan et al. (2013) Surv. Geophys, in press .
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Are “Atmospheric Rivers” ¥ Reading

simulated by climate models?
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e Will thermodynamics dominate
over changes in dynamics under
climate change? -

..work in progress. con
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Conclusions

e Global rise in precipitation ~2%/K

Relate to energetics (O'Gorman et al. 2012)

Regional projections a challenge

e Robust increases in water vapour (~7%/K) =

Fuels comparable rise in precipitation intensity

Possible positive feedbacks on hourly time-scales

Enhanced moisture transport: wet get wetter, dry get drier

Moisture feedbacks over land?

e Observations

Water vapour over ocean well represented (land? upper troposphere?)
Satellite precipitation data: discrepancies over the ocean

Variability of land precipitation consistent between blended
satellite/gauge datasets and simulations

can NWP models be exploited in understanding climate model biases?
r.p.allan@reading.ac.uk
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