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Transient Climate Change Simulation

Future

Present

o
| -
>
g
©
| -
o
o
&
o
|_
‘©
0
9o
O

Control

1860 Historical Period 2000  Future Period 2100

Time




Greenhouse gas emission and

concentration scenarios (IPCC-2000)
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A brief review of the

TAR results




The globally averaged surface
temperature is projected to increase

1.4 to 5.8 degrees from 1990 to 2100
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Regions used in the analysis
conducted for the TAR (9 AOGCMs)




Inter-model agreement in the simulation of temperature change

Less than average warming LJF
| | Inconsistent magnitude of warming  JJA |
=1 Cooling

1 20W




Inter-model agreement in the simulation of precipitation change

Change in precipitation

Large increase
Small increase
No change
Small decrease DJF
| Large decrease
Inconsistent sign

JJA

120W




AOGCM Simulations

in the CMIP3 ensemble




The CMIP3 ensemble

Table 1. List of models and simulations used in the analysis.
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IPCC — 2007: Global temperature
change projections for the 215t century
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The range of projected global sea level rise by 2100 is 19-58 cm




Change In surface air temperature
(2071-2100) — (1961-1990)

October — March April — September

Tas, ATB (2071-2100) — Ref (1961-1990), Oct_Mar Tas, A1B {2071-2100) — Ref (1961-1990), Apr_Sep




Change in precipitation
(2071-2100) — (1961-1990)

October — March April — September

Pr, AIB (2071=2100) — Re 961=1990), Oct_Mar Pr, A1B (2071-2100} — Ref (1961—1990), Apr_Sep




Change In sea level pressure
2071-2100) — (1961-1990)

October — March April — September

Psl, A1B (2071-2100) — Ref (1961—1990), Oct_Mar Psl, A1B (2071-2100) — Ref (1961-1990), Apr_Sep
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Regional changes: AFRICA

Temp Response (°C)
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Regional changes: ASIA

Annual

Temp Response (°C)
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Regional changes: EUROPE

Temp Response (°C)
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Regional changes: N. AMERICA

Annual

Temp Response (°C)
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Regional changes: S. AMERICA

Temp Response (°C)

T T
110°W 90°W 70w 1109 110w

_—
5
—r
o
n
c
o
a
(2]
[ ]
(14
9]
o
e
[a

|
T10%W

Num of Models > 0

T10"W 0w




Regional changes: AUSTRALIA

Temp Response (°C)
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Example of
Inter-model spread

Sahel region,

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

Sahel, DJF, SRESATE ws Z0C3M
|

a

Precipitation Change (pot)

T T T
1.0 2.0 30

Temperaturs Change ()

TS{mnmx) = 2,386, 4.8231
PR(mn.mx) = —51.88, 92,828
AVG{ts,pr] = 33466, —0.5905

Precipitation Change (pot)

Precipitation Change (pot)

Sahel, ANN, SRESATE ws ZOC3M

T T T T T
1.0 2.0 30 +0

Temperaturs Change ()
Ts{mn,mx) = 20636, 4.93099 /\ /
PR{mn,mx) = —21.144, 18.555 J J
AVG(ts,prl = 34489, 1.6205 7 7\l

Sahel,
|

JJa, SRESATE vs Z0C3M
|

T T T T
1.0 a0 30 .0
Temperaturs Change ()

Ts{mn,mx) = 1.3618, 508493
PR{mn,mx) = —28.282, 27.678
AYG(ts,pr) = 3.417, 0.81955




Example of
Inter-model spread

Southern Africa region,

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

Precipitation Change (pot)

Southern Africa, DJF, SRESATE vs 20C3M

T T T T
ad 2.0 40 B

Temperaturs Change ()

TS{mnamx) = 1.7484, 4671
PR(mn,mx) = —6.8525, 9.68617
AVG{ts,pr] = 3.1402, 036913

Precipitation Change {pct)

Precipitation Change {pct)

Southern Africa, ANMN, SRESATB vs 20C3M

T T T T T T
a0 2 40 ) a0 1
Temperaturs Change ()
TS(mn,me) = 1.8954, 47683 /\J\J J\J l | /\ |
PR(rmn,mx) = —12.389, 54175
AVG(ts,pr] = 3.3287, —4.2648 7 7 A=

Scuthern Africa, JJA, SRESATB ve 20C3M

T T T
ik} 3 40 B

Temperaturs Change ()

TS{mnmx) = 1.8852, 4.7385
PR(mn,mx) = —44.689, —{ 7048
AVG{ts,pr] = 3.3433, —20.506




The scalability of climate change
Prec. change (%, 2071-2100 minus 1961-1990), A1B scen.
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The scalability of climate change
Precip. change (%, 2071-2100 minus 1961-1990), A2 scen.
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The scalability of climate change
Precipitation change as a function of time
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A regional analysis of the
CMIP3 ensembile.

Regions and “seasons” used in the analysis

Table 2. Definition of geason” and "dry season™ for the

[

Apr.-Bept.




CMIP3 ensemble average regional

temperature and precipitation change

AR4, 20 models

120€ 180




Change in precipitation interannual variability
(2080-2099, 20 models, A1B-A2-B1 scenarios)

| M wso-10%
‘ DS >10%
| @ DSo0-10%

B ws<-10%
,; 0-<10%




Change in temperature interannual variability
(2080-2099, 20 models, A1B-A2-B1 scenarios)

1 - ws>10%

B wso0-10%

CS >10%
| @

@ Cs0-10%

B ws <-10%
| m ws<-10%




Ensemble average change in regional temperature
and precipitation variability for the 21st century
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Ensemble average change in regional temperature
and precipitation variability for the 21st century
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Precipitation Change (%)

(a) T-Change, A2, Tropics

EAS-JJA
SAS-JJA
SAF=JJa
WAF=JJA&
— EAFR-OND
— = EAP=LAN
= BIAZ=&IA)

1980 2000 2020 2040 2000 2080
Year

(c) P-Change, A2, Tropics
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SAF=JIA
WAF-A
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2100
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Regional Climate Change Index (RCCI)

RCCI = [n(AP)+n(Aocp)+n(RWAF)+n(Aor)|ws +

n(AP)+n(Acp) + n(RWAF) + n(Aor)|ps

n AP Aop RWAF Ao
0 < 5% < 5% < 1.1 < 5%
1 5—10% 5—10% 1.1—1.3 5—10%
2 10 —15% 10 —20% 1.3 —1.5 10 — 15%
4 > 15% > 20% > 1.5 > 15%




Climate change hot-spots
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Global vs. regional climate change
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Global vs. regional climate change
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The “path” to regional climate change
IS Important for impacts and may
change across models and realizations

Different paths to climate change

Need to add “decadal’ noise to ensemble average signal







Global vs. regional climate change: Temperature

MED, Oct-Mar | NEU, Oct-Mar
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Global vs. regional climate change: Temperature
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Global vs. regional climate change: Precipitation

MED, Oct-Mar |- - NEU, Oct-Mar
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The relationship between regional
temperature/precipitation change and
the global temperature change suggests
the use of a simple predictive equation

ATreg/ATg = K (ATQ)
o (ATreg/ATg) = K (ATQ)

o (APreg/ATg) = K (ATQ)

APreg/ATg = K (ATQ)




Examples of the function

ATreg/ATg (°C/°C)
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Examples of the function K(ATg) for precipitation

Precipitation, MED/O-M
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Applications

» Development of PDFs of regional change from
PDFs of ATg

—Based on simple or intermediate complexity
global models

» Estimates of regional changes corresponding to
given target ATg stabilization values

—e.g. European target of 2 degrees global
warming

» Estimates of regional changes from small
samples of emission scenarios




A ATg PDF (similar to Wigley and Raper 2001)
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Regional change PDFs corresponding to the ATg PDF
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Regional change PDFs corresponding to the ATg PDF
(uncertainty term included)
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Limitations and future work

* The equation is essentially based on
the scalability assumption
— Spatial scales of application
— Application to higher statistical moments
(e.g. variability)
— Effects of local vs. global forcings
(aerosols, land-use change)




Conclusions

« Some patterns of regional temperature and
orecipitation change across the globe are
emerging from different generations of models,
poth for mean and variability change.

 Ensemble average regional temperature and
precipitation change signals (when strong) show

good scalability characteristics
— This property can be used to infer regional changes
from global temperature change
* The “path” to regional climate change is
iImportant, especially for precipitation

— Need to add multidecadal noise to the ensemble
average signal




Thank You




