
Sp ati al H iera rchical B ayes M o del

fo r A OGC M C li mat e Pro ject ion s

Ba yes Mo del fo r Cli mat e Pro jecti on s

Synthesizing t em perature and precipi t at ion clima te
projections from the out puts of several AOGCMs'

weighted according t o mo del bias and conver genc e.

In col lab orat ion wit h: Stephan Sain - CU at De nver
T om Wigle y - NCAR
Doug Nychka - NCAR
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Clim ate , a Sen sit ive System
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Wh y St udy th e C lim ate?

� Bett er unde rsta nd t he natural long- t erm cycles in clima te
(e.g. Paci�c Dec ada l Variabili t y, North Atlantic O scillation)

� Im prov e t he capabili t y t o fo recast seasonal t o int erannual cyc les
of variabilit y (e .g. El Ni~no- L a Ni~na event s)

� Sharp en the understanding of climat e extreme s and deter m ine
whether any changes in the ir freque ncy or intensit y lie outs ide
the range of natural variabili t y

� Incre ase public and scient i�c awareness in the realit y and the
causes of clima te change
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Wh at Is Cli mat e Anyw ay?

Tw o of Go ogl e's responses to \de �ne :climat e"

� the t ypi cal or exp ecte d (ave rage) weather patt ern, as opp osed t o
the act ual weather at any giv en inst ant.

� The sum t otal of the me t eorologic al elements t hat character ize
the aver age and extre m e condition of t he atmos phe re over a long
perio d of time at any one place or region of the eart h's sur face.

The coll ect ive stat e of the at mosphe re at a give n place or over a
giv en area wit hin a speci�e d peri od of t ime .
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Ho w t o Stu dy C lim ate?

T oo limite d app roaches:
� use lo calized time series of observ at ions
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Ho w t o Stu dy C lim ate?

T oo limite d app roaches:
� use lo calized time series of observ at ions

� use \a nc ien t " proxy observations

ww w.w orldv iewofglobalw arming.o rg/pa ges/ tea.rice .edu/p ennyc ook/ 12.14.1999.ht ml
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A OG C M

Compli cat ed app roach:

AOGCM's: Atmos pheri c-Oc ean General Circ ulat ion Mo dels

Computer mo dels that calc ulat e
the detailed large -scale motions
of t he atmosphere or the ocean
explic itly fr om hydro dynamic al
equations.
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A OG C M: t he NC AR Mo del

CC SM 3, t he newest NCA R mo del (June 23, 2004) :

� Resol ut ion: T85L26v1

� App roxima te ly 500, 000 line s of code

� 3.45 years per simulation day (192 CPUs, 32- way no des)

� 10Gb yt es output per simulation year (daily and mont hly data )
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Examp le: A tmo sph eri c Mo de l

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
� La rge scale discret ization and simpli �cations
� Param et rizat ion

#
Out put

�
� \Me an" t emp erature s and precipi t ation
� Pr essure, wind, . . .
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Di�ere nces in R esul ts

Variabili t y of global t emp erature inc rease across 16 mo dels.
MA GICC/SCE NGEN program (Wi gley, 2003).
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Sim pl e Stat ist ical Mo de l

Pr ecipita tion or surface temp erat ur e.
For mo dels i = 1; : : : ; N , sta ck t he gr idded out put in t o vect ors:

X 0 = observ ed present climat e = present climat e + meas. erro r

X i = simula te d present cli m ate i = present climate + m odel bias i

Y i = simula te d future cli m ate i = fut ur e climate + m odel bias i

Obj ective :

Pr oba bi list ic descr ipt ion of mo deled cl ima te change
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Sim pl e Stat ist ical Mo de l

X 0 = � x + " (obser ved present climate)

X i = � x + u i (simulat ed present cl ima te)

Y i = � y + v i (simulat ed future cl ima te)

Dat a from MA GICC/SCE NGEN 4.1 (Wigl ey, 2003):
� 16 mo dels (C SM, ECH x, HAD x, GFDL, . . . )
� 5 � � 5 � resolution (2592 data points)
� Pert ur bation experiment with 1% CO 2 inc rease per year
� Av erages over 20 years, 1- 20 and 61- 80
� . . .
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St ati st ical Mo del

X 0 = � x + " (obser ved present climate)

X i = � x + u i (simulat ed present cl ima te)

Y i = � y + v i (simulat ed future cl ima te)

" � N ( 0 ; S)

� x = M x � u i � N ( 0 ; � i )

� y = M y� v i = w i + � i u i

w i � N ( 0 ; 
 i ) w i ? u i
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Cova ri ance Matri ces

The cov ariance ma tri ces S, � i , 
 i are positive de� nite.

Ex ample s of posit ive de� nite func t ions on the sphere :
1. represent ation of 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 to the spher e

c( h; � ; � ) = � exp
�
� � sin( h=2)

�

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

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

Let C be a posi t ive de�ni t e mat ri x using c( �; 1; � ) and put

S = � 0C � i = � i C 
 i =  i C

W e use vague (di sperse) prio rs

� � N ( 0 ; � 2
1 I)

� � N ( 0 ; � 2
2 I)

� i � I� ( � 3; � 4)

 i � I� ( � 5; � 6)

� i � N (0 ; � 2
7 )
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P oste rio rs

Full conditionals fo r t he param et ers are available

� ; � j : : : � N ( �; �)

� i ;  i j : : : � I� ( �; �)

� i j : : : � N ( �; �)
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Gi bb s Sam pl er

� Gibbs sam pler programmed in R

� 4 seconds fo r one it eration

� Vi sual insp ection of conv ergenc e (5000 burn- in, keep every 10t h)

15

Ill ustr ati on
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Ill ustr ati on
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Exten ded Stat isti cal M o del

Di�e rent possibilitie s t o ext end the mo del:

X 0 = � x + ! x + " (obser ved present climate)

X i = � x + ! x + b i + u i (simulat ed present cl ima te)

Y i = � y + ! y + b i + v i (simulat ed future cl ima te)

Pr oblem is \tracta ble" if all cov ariance ma tri ces are of t he same fo rm.

No explic it expressions fo r full conditionals available.
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Discussi on an d F urth er W ork

� A �rst \r unning horse"

� Pr om issing app roach (sta tistically and climat ologicall y)

� Ev aluate and down- scale �rst results

� Generalize cov ari ance parameter izat ion

� Use \curr ent" climat e fo r bett er priors

� Ex t end to multiva riate set ting
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