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» Observed trends in the hydrologic
cycle

* Projected changes in the
hydrologic cycle

* The time of emergence of
precipitation change Hot-Spots
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Observed change in global surface
tempe rature Warmest 12 years:

1998,2005,2003,2002,2004,2006,
2001,1997,1995,1999,1990,2000

® Annual mean

Global mean temperature _inear trends
#” Smoothed series

Period Rate |
50 0.128+0.026
100 0.074+0.018
Years °/decade
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The anthropogenic signature on continental

scale temperature change has been
firmly established
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Although precipitation
trends have been
detected, they have
not been attributed
to GHG forcing

Trend in Annual Precipitation, 1901 to 2005
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80 1 Global Annual Land Precipitation Anomalies

Trend in Annual Precipitation, 1979 to 2005
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Other observed changes
Circulation

Poleward shift of
mid-latitude
Y storm tracks
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Other observed changes
Temperature and precipitation extremes

L — Increased frequency
R

. of heavy precipitation events

w0 9v+ \Warmer and more hot days,
A he = warmer and fewer cold days

Increased frequency of
heat waves




Other observed changes

Increase in length
and intensity of

N droughts as
measured
by the PDSI
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IPCC 2007
Trends in some aspects
of the hydrologic cycle have
been observed. They are

broadly consistent with what
expected from GHG forcing
but have not yet been
attributed to it.




Projections of future




The IPCC-CMIP3 Ensemble

Models and simulations

Model

20 Cent.
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Simulation of precipitation

CMIP3 Models




High resolution models can produce a
realistic description of synoptic systems

NUGAM (N216 HadGAM1a)

7AUG 1978 23h UTC
Model by the UJCC Team and UKMO/NCAS collaborators: http://www.earthsimulator.org.uk
Movie by: R. Stockli (NASA Earth Observatory, USA) and P.L. Vidale (NCAS, UK)

UK-Japan Climate Collaboration
e.) 0%




IPCC — 2007: Global temperature
change projections for the 215t century
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Corresponding changes in sea level rise are 19-58 cm




Regional distribution of projected

temperature and precipitation change
(A1B scenario, 2090-2100, 23 CMIP3 models)
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Ensemble average regional precipitation

changes for the 215t century (CMIP3 ensemble)




Southern Africa, ANN, SRESA1TB vs 20C3M

1 1 1 1 1 | 1 1 |

region,
P-change vs. T-change
(2079-2098) — (1979-1998)

A1B scenario, 21 models

Precipitation Change (pct)

T T T T T T
2. 40 B

Temperature Change (C)

X 8.c 1.0
ANNUA
e ANNUAL

AVG(ts,pr) = 3.3297, —4.2648

Southern Africa, DJF, SRESATB vs 20C3M Southern Africa, JJA, SRESATB vs 20C3M

1 1 | | | 1 |

Precipitation Change (pct)
Precipitation Change (pet)

T T T T
a0 2.6 40 B X a0 2.6

Temperature Change (C)

T
40 B

Temperature Change (C)

TS{mn,mx) = 1.7984, 4.671 TS(mn,mx) = 1.8852, 4.7385
PR(mn,mx) = —8.9525, 9.6617 PR(mn,mx) = —44.699, —1.7048

AVG(ts,pr) = 3.1402, 0.36919 AVG(ts,pr) = 3.3433, —20.596




Sahel, ANN, SRESA1TB vs 20C3M
|

region,
P-change vs. T-change
(2079-2098) — (1979-1998)
A1B scenario, 21 models

Precipitation Change (pct)

T T T T T T T T
a0 1.0 2.0 30

Temperature Change

( ) 40 B.C 80
C,
5o = 2636, 40800 ANNUAL

AVG(ts,pr) = 3.4489, 1.6205

Sahel, DJF, SRESATB vs 20C3M Sahel, JJA, SRESATB vs 20C3M
| 1 | | 1

o

Precipitation Change (pct)
Precipitation Change (pct)

a0 1.0 20 30 X . a0 1.0 20

30 40
Temperature Change (C)

Temperature Change (C)

TS(mn,mx) = 2.386, 4.8231 TS(mn,mx) = 1.3618, 5.0898

PR(mn,mx) = —51.88, 92,828 PR(mn,mx) = —25.282, 27,678
AVG(ts,pr) = 3.3466, —0.5905 AVG(ts,pr) = 3.417, 0.81955




Precipitation Change (pct)

region,
P-change vs. T-change
(2079-2098) — (1979-1998)
A1B scenario, 21 models

Southern Asia, DJF, SRESATB vs 20C3M

1 1 1 1 1 1 1

&

T T T T
20 40

Temperature Change (C)

TS(mn,mx) = 2,6685, 4.7293
PR(mn,mx») = —38.373, 14,782
AVG{ts,pr) = 3.5418, —5.983

Precipitation Change {pct)

Precipitation Change (pct)

Southern Asia, ANN, SRESATB vs 20C3M

1 1 1 1 1 1 1

T T T T T
20 40 8.0

Temperature Change (C)

TS{rn,mx) = 2.0225, 4.6975
PR(rmn,mx) = —15.706, 20.14
AVG{ts,pr) = 3.2043, 8.409

Southern Asia, JJA, SRESATIB vs 20C3M

1 1 1 1 1 1 1

T T T
290 40

Temperature Change (C)

ANNUAL

TS{mn,mx) = 1.2165, 4.3995
PR{mn,mx) = —3.7205, 23.03
AVG(ts,pr) = 2.7991, 9.8125




region,
P-change vs. T-change
(2079-2098) — (1979-1998)
A1B scenario, 21 models

S Europe, N Africa, DJF, SRESATB vs 20C3M
| |

1 1 | | | 1 |

Precipitation Change (pct)

T T T T
a0 2.6 40 B

Temperature Change (C)
TS(mn,mx) = 1,4618, 4.5056

PR(mn,mx) = —16.205, 4.9034
AVG(ts,pr) = 2.8399, —6.6395

Precipitation Change (pct)

Precipitation Change (pct)

S Europe, N Africa, ANN, SRESATE vs 20C3M
| | 1 1

| | 1 1 |

T T T T T T T
0.0 2.0 40 60 8.0 1.0
Temperature Change

(c)
TS(mn,mx) = 1.9681, 5.0082 § ]
PR(mn,mx) = —26.015, —3.244 \ ] ] J \
AVG?:;-DH:) = 3.4446, —13.085 ' l\ l\ l r L

S Eurcpe, N Africa, JJA, SRESATB vs 20C3M

| | 1 1 | | | 1 |

T T T
2.6 40 8.0
Temperature Change (C)
TS(mn,mx) = 2,6126, 64895
PR(mn,mx) = —53.237, -2.1439
AVG(ts,pr) = +.3439, —24.845




Precipitation Change {pct)

region,
P-change vs. T-change

(2079-2098) — (1979-1998)
A1B scenario, 21 models

Amazonia, DJF, SRESATB vs 20C3M

a0

T T T T
2.6 40 B

Temperature Change (C)

TS{mn,mx) = 1.6505, 4.619
PR(mn,mx) = —13,306, 17.184
AVG(ts,pr) = 3.027, 4.5268

Precipitation Change {pct)

Precipitation Change {pct)

Amazaonia, ANN, SRESAIB vs 20C3M

T T T T T T T
2.6 40 B

Temperature Change (C)

8.0 160
IS = 17867 51024 ANNUAL

AVG(ts,pr) = 3.2581, 0.9471

Amazonia, JJa, SRESATE vs 20C3M

T T T T
a0 2.6 40 B

Temperature Change (C)

TS{mn,mx) = 1.9803, 5.6792
PR(mn,mx) = —38.852, 14,435
AVG(ts,pr) = 34412, —4.7067




Projected changes in the hydrologic cycle

a) Precipitation
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Changes in precipitation characteristics

Preciplitation int[ensity 1 Precipitation intensity

I T T s
1920 1960 2000 -
Year -1.25 -1 -0.75-0.5-0.25 0 0.25050.75 1 1.25

Dry days
l

(std. dev.)

|

1920 2040 2080 Y N | [ e

-1.25 -1 -0.75-0.5-0.25 0 0.250.50.75 1 1.25
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Projected changes in extremes

Frost days
| |

1880

1920

T |
1960 2000
Year

Heat waves
1 |

B N
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T
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Climate model projections
suggest the presence of

2 consistent precipitation

-5 cChange patterns or hot-spots

’ (PSPOTSs)

When can we expect
them to emerge from
the underlying noise ?

|Issue of relevance for

detection/attribution,

decadal predictability
iImpact/adaptation

Giorgi and Bi, GRL, 2009

Prec;lpltatlon Change DJF




There are many sources of uncertainty to
regional climate change projection

Incoming
solar radiation

Natural
forcings

N

Regional

Impacts and climate
human response change

TR TREY
»

B

Internal variability of
the climate system

Anthropogenic
forcings

~

A

Imperfect knowledge
and modeling Iimitations




There are many sources of uncertainty to
regional climate change projection

Incoming
solar radiation

Natural ) |
forcings Anthropogenic

\ > forcin

Regional

Impacts and climate
human response

—— i e

Imperfect knowledge
and modeling limitations,




Pr, A1B (2081-2100) — Ref (1981-2000)310640Mdirf (191-2000), Oct Nor

14 land PSPOTS are
" subjectively identified
from the ensemble
mean projected

60 120 180 120 )

R e precipitation change

40 -0 <200 <100 0 10 200 0 40

(2081-2100 vs. 1981-2000
CMIP3 models)

Pr, A1B (2081-2100) — Ref (1981--2000)8ApRLISeR: (19812000, Aor Sep
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Definition of the
Time of Emergence (TOE)
Signal = Ensemble average AP 20

-
Noise = sqrt(VAR_im20 + VAR _iv20)
TOE = signal/noise > 0

Calculations performed for each emission scenaric




The evolution of signal vs. noise for
some PSPOTs (CMIP3 models)
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The evolution of signal vs. noise for
some PSPOTs (CMIP3 models)
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The evolution of signal vs. noise for
some PSPOTs (CMIP3 models)
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The evolution of signal vs. noise for
global precipitation (CMIP3 models)
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Definition of PSPOTs and values of TOE

PSPOT Latitude Longitude TOE-B1 TOE-A1B TOE-A2
NEU-OM SON-70N 105W-405E <2020 <2020 <2020
MED-AS 30N-48N 105W-385E 2056 2023 2022
MED-OM 25N-43N 105W-405E 2025 2025 2032
NAS-OM 35N-70N 855E-1405E <2020 <2020 <2020
CHN-AS ION-50N 1005E-1405E 2047 2047 2058
IND-AS SN-33N 645E-1005E 2066 2052 2065
EAF-OM 5S—-12N 275E-525E 2044 2029 2028
SAF-AS 35S-12S 95E-405E >2100 2043 >2100
NAM-OM 40N-70N 1705W—-495W <2020 <2020 <2020
WUS-AS 30N-50N 1255W-1125W  >2100 >2100 2040
CAM-OM ISN-35N 1215W-975W >2100 2090 2063
CAR-AS ION-25N 975W-645W  >2100 2044 2077
AMZ-AS 23S-2S 585W-355W >2100 >2100 >2100
SAU-AS 40S-27S 1135E-1545E >2100 >2100 >2100




The time of emergence of
GHG-forced PSPOTs

Early 21st century (up to 2040) _ _ -
Mid-21st century (2040-2080) Continous = Positive PSPOT

Late 215t century and beyond Dashed = Negative PSPOT



Summary and conclusions

Fourteen GHG-forced PSPOTS have been identified

The TOE was calculated for the 14 PSPOTS and 3
IPCC emission scenarios (B1, A1B, A2; CMIP3

models)

_ Mid 21st Century TOE (2040-2080): IND-AS, CHN-AS,
CAR-AS

— Late 215t Century (>2080): SAF-AS, WUS-AS, CAM-OM,
AMZ-AS, SAU-AS

The TOE has implications for detection/attribution
decadal predictability and impact/adaptation studies

The TOE only refers to GHG-forced PSPOTS

— Ocean-forced PSPOTS may have a totally different
structure







Precipitation Change {pct)

region,
P-change vs. T-change

(2079-2098) — (1979-1998)
A1B scenario, 21 models

Central America, DJF, SRESATB vs 20C3M

A

T T T T
a0 2.6 40 B

Temperature Change (C)

TS{mn,mx) = 1,4088, 4.6847
PR(mn,mx) = —55.83, —-3.034
AVG{ts,pr) = 2.8535, —16.369

Precipitation Change {pct)

Precipitation Change {(pct)

Central America, ANN, SRESATB vs 20C3M

T T T T
0.0 2.6 40 X
Temperature Change (C)
TS{mn,mx) = 1.7823, 4.9474 l I
PR(mn,mx) = —47.609, 87749 ,’—\ l\] l\] ,’—
AVG(ts,pr) = 3.2055, —10.478 -

Central America, JJA, SRESATB vs 20C3M

1 1 1 1 1 1 1 1 1

T T T T
00 2.6 4.0 BO

Temperature Change (C)

TS(mn,mx) = 1.7848, 5.4471
PR(mn,mx) = —43.805, 12,172
AVG(ts,pr) = 3.363, —12.927




region,

P-change vs. T-change
(2079-2098) — (1979-1998)
A1B scenario, 21 models

Eastern asia, DJF, SRESATB vs 20C3M

1 1 1 1 1 1

o]

Precipitation Change (pct)

T T T T
a0 2.6 40 B

Temperature Change (C)

TS(mn,mx) = 2.1341, 5.3979
PR(mn,mx) = —5.0038, 42,595
AVG(ts,pr) = 3.8263, 12.604

Precipitation Change (pct)

Precipitation Change (pct)

Eastern Asia, ANN, SRESATE vs 20C3M

1 1 1 1 1 1 1 1

1

T T T T T T
00 2.6 40 BO 3.0

Temperature Change

TS(mn,mx) = 2.38, 4.8769
PR(mn,mx) = 19927, 19.313
AVG(ts,pr) = 3.441, 89035

Eastern Asia, JJA, SRESATB vs ZCGC3M

T

16,0

ANNUAL

T T T T
00 2.6 40 BO

Temperature Change (C)

TS(mn,mx) = 1.9649, 4.9569
PR(mn,mx) = —0.75984, 17.297
AVG(ts,pr) = 3.267, 81355




