
Sp ati al H iera rchical B ayes M o del

fo r A OGC M C li mat e Pro ject ion s
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Ba yes Mo del fo r Cli mat e Pro jecti on s

Synthesizing t em perature and prec ipitat ion cl ima te

proj ections from the outputs of several AOGCMs'

weighted according t o m odel bias and conv ergenc e.

In col lab orat ion wit h: Stephan Sain - CU at De nver
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Doug Nychka - NCA R
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St udy C lim ate wi th A OGC Ms

AOGCM: At mospher ic- O cean Gener al Ci rcul ation Mo dels

Nume ric al mo dels t hat calcu late t he detaile d

large- scale mot ions of t he atmos phe re or the ocean

explic itly from hydro dynamic al equa tions.
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St udy C lim ate wi th A OGC Ms

AOGCM: At mospher ic- O cean Gener al Ci rcul ation Mo dels
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Mo del s Do No t Agre e
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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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Mo del s Do No t Agre e

� 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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Mo del s Do No t Agre e

� 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 list ic descr ipt ion of regional cli m ate changes.
(T ebaldi et al. 2004).
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Data

Dat a from MA GICC/SCE NGEN 4.1 (Wigl ey, 2003):

� 16 mo dels (C CC1, CSM , ECH x, HAD x, GFDL, . . . )

� 5 � � 5 � resolution (2592 data points)

� Pert ur bation experiment with 1% CO 2 inc rease per year

� Monthly aver ages over 20 years, 1-20 and 61- 80

� . . .
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St ati st ical Mo del

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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St ati st ical Mo del

X 0 = � x + " (obser ved present cli m ate)

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

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

� x = M c� " � N n( 0 ; S)
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St ati st ical Mo del

X 0 = � x + " (obser ved present cli m ate)

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

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

� x = M c� " � N n( 0 ; S)
� x = M c� u i = M b� i � i � N n( 0 ; � i )
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St ati st ical Mo del

X 0 = � x + " (obser ved present cli m ate)

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

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

� x = M c� " � N n( 0 ; S)
� x = M c� u i = M b� i � i � N n( 0 ; � i )
� y = M c� v i = M b
 i � i = ! i + � i � i

! i � N n( 0 ; 
 i ) ! i ? � 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 with an in� nit e series of Lege ndre poly noms

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 tric es.

The \range " � is cho osen acco rdi ng 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 de�ne d by c( �; 1; � ) and put

� i = � i C 
 i =  i C

W e use vague (di spersed) prio rs

� � N p( 0 ; � 2
1 I) � � N p( 0 ; � 2

2 I)

� i � N q( 0 ; � 2
3 I) 
 i � N q( 0 ; � 2

4 I)

� i � I� ( � 5; � 6)  i � I� ( � 7; � 8)

� i � N (0 ; � 2
9 )
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P oste rio rs

Full conditionals fo r t he param et ers are available

� ; � j : : : � N p( �; �)

� i ; 
 i j : : : � N q( �; �)

� i ;  i j : : : � I� ( �; �)

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

� Gibbs sam pler programmed in R

� Run 50000 iterations
(40000 bur n-in, keep every 10t h, tak es � 12 hour s)

� Vi sual insp ection of conv erge nce
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Gl ob al P oste rio r C li mat e C hang e
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Posterior Mean Change in DJF temp. 
Years 61 to 80 - 1 to 20,  1% CO2 incr/yr
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Lo cal P osteri or Cli mat e C ha nge
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Re gio na l P osteri or Cli mat e C ha ng e
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Discussi on an d F urth er W ork

� A �rst \r unning horse"

� Pr om ising app roach (sta tisticall y and climatologic ally)

� Ev aluate and up/do wn- 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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