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Out li ne of th e T alk
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� Int roduce IPCC , its miss ion and cont ribut ions

� Out line t he framew ork of the stat ist ical analysis

fo r an IPC C publ ication

� De velop a multiva riate B ayesian analysis of

Atmos phe re-Oce an Gener al Cir culation M odels

IPCC : 101
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Int ergove rnmental Panel fo r Cli m ate Change (IPC C)

� established in 1988 by the W orld Me t eorologic al Organizat ion
and the Uni t ed Nations Envir onm ent Pr ogram

� assesses scienti�c info rmation relating to climat e change

� fo rmulates realistic resp onse strat egies

IPCC : St ructu re
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IPCC : Assessme nt R ep orts
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Maj or assessment rep ort s: 1990, 1996, 2001

Fourth Assessment Report (A R4) is planned fo r 2007.

IPCC : Pu bl icat ion P ro ced ure s
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W G1: Th e Scien ti � c Basi s
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W orking gr oup 1 is conc erned with the scient i� c aspects of
the climat e system it self and climat e change in part icula r.

� Observ at ions

� Paleo cli m ate

� Cl ima te Mo dels and thei r Ev aluat ion

� Under st anding and At tri but ing Cli ma te Change

� Global Climat e Pr oj ections

� Reg iona l Cl ima te Projec t ions

W orking gr oup 1 is conc erned with the scient i� c aspects of
the climat e system it self and climat e change in part icula r.

� Observ at ions

� Paleo cli m ate

� Cl ima te Mo dels and thei r Ev aluat ion

� Under st anding and At tri but ing Cli ma te Change

� Global Climat e Pr oj ections

� Reg iona l Cl ima te Projec t ions

St udy C lim ate wi th A OGC Ms
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AOGCM: Atmosphere -Oce an General Circ ula tion Mo dels

Num eric al mo dels t hat calc ulat e t he precise large-

scale m otions of the at mospher e and t he ocean

explic itly from hydro dynamic al equa tions.

AOGCM: Atmosphere -Oce an General Circ ula tion Mo dels

AOGCM: Atmosphere -Oce an General Circ ula tion Mo dels

Mo del s Do No t Agre e
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Examp le: A tmo sph eri c Mo de l
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Input

8
><

>:

� Ex t ernal fo rcings (r adiation, volcanos,. . . )
� Anthrop ogenic fo rc ings (GH G, aerosols,. . . )
� Init ial condi t ions

#
� Flo w dynamic s, PDEs
� Disc retizat ion and simpli� cations
� Param et rizat ion

#
Out put

�
� T emp erature and precipi t ation
� Pr essure, wind, . . .

� Variabili t y of global t emp erature inc rease across 16 mo dels.
MA GICC/SCE NGEN program (Wi gley, 2003).

� Variabili t y of global t emp erature inc rease across 16 mo dels.
MA GICC/SCE NGEN program (Wi gley, 2003).

� Pr oba bi listic descr ipt ion of regio nal cli ma te changes.
(T ebaldi et al. 2005).
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� Variabili t y of global t emp erature inc rease across 16 mo dels.
MA GICC/SCE NGEN program (Wi gley, 2003).

� Pr oba bi listic descr ipt ion of regio nal cli ma te changes.
(T ebaldi et al. 2005).

� Gridde d, global, spat ial app roach . . .

Ba yesian Ap proach
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Synthesizing t em perature and prec ipitat ion cl ima te
proj ections from the outputs of several AOGCMs'
with a hie rarchic al Ba yesian app roach.

In col lab orat ion wit h: Stephan Sain - CU at De nver
Claudi a T ebaldi - NCAR
Doug Nyc hka - NCAR

Jerr y Mee hl - NCAR
Linda Me arns - NCA R
T om W igle y - NCAR
Reto Knutt i - NCAR

Dat a provide d fo r t he Fourth Assessment Report of IPCC:

� 19 mo dels (C CSM, GFDL , HAD CM, PCM, . . . )

� At least 2:8 � � 2:8 � resolution (8192 data points, T42)

� Di�e rent scenarios (A 2: \busine ss as usual", A1B , B 1)

� T emp erature , prec ipitat ion, pressure, winds. . .



Data
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Dat a provide d fo r t he Fourth Assessment Report of IPCC:

� 19 mo dels (C CSM, GFDL , HAD CM, PCM, . . . )

� At least 2:8 � � 2:8 � resolution (8192 data points, T42)
aggre gate t o 5 � � 5 �

� Di�e rent scenarios (A 2: \busine ss as usual", A1B , B1)

� T emp erature , prec ipitat ion , pressur e, winds. . .
seasonal averages over years 1980{1999 and 2080{2099, . . .

� NCEP reanaly sis as \obser vat ions"

Hiera rchi cal Stat ist ical Mo de l
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For mo dels i = 1; : : : ; N , sta ck t he gr idded out put into vect ors:

X i = simula te d present cli m ate i

Y i = simula te d future cli m ate i

Obj ective :

Pr oba bi list ic descr ipt ion of simulated climate change

Hiera rchi cal Stat ist ical Mo de l
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Dat a level:

D i = Y i � X i = simula te d cl ima te change

= Y i � X i = large scale struc t ur e + small scale st ructure

= Y i � X i = M � i + " i , with " i � N ( 0 ; � i � )

Pr ocess level :

� i � N ( � ;  i I) (p rojec t ion co e�c ients)

Pr ior level:

� i � I� ( � 1; � 2) (small scale variabilit y)
 i � I� ( � 3; � 4) (\mo del" vari abi lit y)
� � N ( 0 ; � 5I) ( unknown large scale )

Basi s F unct ion s M
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W e need a \ri ch" trunc at ed basis set M .

Cur rent candidat e:

� Harmonic func t ions on the sphere

� Indicato rs fo r cont inents, sea ice, . . .

� Pat ter ns of curr ent cl ima te from NCEP reana lysis

Cova ri ance Matri x �
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Ex ample s of posit ive de� nite func t ions on the sphere :

1. represent ation using an in�nite series of L egendr e polynoms

c( h; � ; � ) = �
�
1 � 2� cos( h) + � 2

� � 3=2

2. rest riction of a positiv e de�nite function on R3 to the sphere

c( h; � ; � ) = � exp
�
� � sin( h=2)

�

W e only parame t erize t he scale � of the cov ariance ma trix � .

The \range " � is cho osen acco rding an \e m pi ric al Ba yes" app roach.

Gi bb s Sam pl er
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Distribution of � giv en the AOG CM outputs.

� Full conditionals fo r t he param et ers are available

� Gibbs sam pler programmed in R

� Run many iterations:
5000 bur n-in, keep every 10t h

� Assessing conv ergence with:
trace plots, di�er ent sta rting values, . . .



P oste rio r C lima te C hang e
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Post erio r
20% qua ntil e of
synthesize d,
mo deled temp era-
ture change

P oste rio r C lima te C hang e
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Pr oba bi lit y that we
obser ve at least
a 2 � K mo deled
temp erat ur e
inc rease

P oste rio r C lima te C hang e
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Post erio r median
of synt hesized,
mo deled precipita-
tion change

P oste rio r PCM M o del R eali sati on s
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Discussi on an d F ur th er W ork
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� Simple stat istic al mo del

� Pr ovide s probabilistic answ ers to cl ima tologist's questions

� Im plement ensemble runs

� Generalize cov ari ance parametri zation

� Ex t end to multiva riate set ting


