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As Beau tiful. ..

Study Climate with AOGC Ms

AOGCM: Atmospher ic-Ocean General Circul ation Mo dels

Numerical models that calculate the detaile d
large- scale mot ions of the atmos phere or the ocean

explicitly from hydro dynamic al equations.

Bayes Mo del for Climat e Pro jecti ons

Synthesizing temperature and precipitat ion climate
proj ections from the outputs of several AOGCMs'

weighted according to model bias and conv ergence.

In collaboration wit h: Stephan Sain - CU at Denver
Tom Wigle y - NCAR
Doug Nychka - NCAR
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Study Climate with AOGC Ms

AOGCM: Atmospher ic-Ocean General Circul ation Mo dels




Mo dels Do Not Agre e
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Mo dels Do Not Agre e

Variabili ty of global temp erature increase across 16 mo dels.
MA GICC/SCE NGEN program (Wi gley, 2003).

Dat a from MA GICC/SCE NGEN 4.1 (Wigl ey, 2003):
16 models (CCC1l, CSM, ECHXx, HAD x, GFDL, ...)
5 5 resolution (2592 data points)
Perturbation experiment with 1% CO , increase per year

Monthly averages over 20 years, 1-20 and 61- 80

Examp le: Atmo spheric Mo del
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2 External forcings (radiation, volcanos,. ..)
Anthrop ogenic forcings (GH G, aerosols, .. .)
Init ial condi tions

Input

#

Flow dynamic s, PDEs
Large scale discretization and simpli cations
Parametrizat ion

#

Out put

>

\Me an" temp erature s and precipitation
Pressure, wind, ...

Mo dels Do Not Agre e

Variabili ty of global temp erature increase across 16 mo dels.
MA GICC/SCE NGEN program (Wi gley, 2003).

Probabilistic description of regional climate changes.
(T ebaldi et al. 2004).
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St ati stical Mo del

For models i = 1;:::;N, stack the gridded out put into vectors:
X = observed present climat e = present climat e+ meas. error
Xi = simula ted present climatej = present climate + model biasj
Y = simulated future climate; = fut ure climate + model bias;

Obj ective :

Probabilistic description of modeled climate change




St ati stical Mo del

Xo= x+" (obser ved present climate)
Xi= x+u+ (simulat ed present climate)
Yi= y*+vit (simulat ed future climate)

St ati stical Mo del

Xo= x+" (obser ved present climate)

Xi= x+tut+ (simulat ed present climate)
Yi= y*+vit (simulat ed future climate)
x= Mc " Nn(0;S)
x = Mc ui= My j i Nn(0; §)
y= Mec Vi= My =it i

Yi Nn(O; ) 'i?

Priors

Let C be a positive deni te matrix dene d by c(;1; ) and put

i= iC i= iC
W e use vague (dispersed) priors
Np(0; £1) Np(0; 31)
i Ng(0; 31) i Ngq(0; §1)
i 1 (s e i 1 (7 8)
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St ati stical Mo del

Xog= x+" (obser ved present climate)
Xi= yx+u+ (simulat ed present climate)
Yi= y+vit (simulat ed future climate)
x= M¢ " Nn(0;S)
x= Mc uj= Myp i i Nn(0; )

Cova riance Matri ces

The covariance matrices S, , | are positive de nite.

Example s of positive de nite func tions on the sphere:
1. representation with an in nite series of Lege ndre poly noms
3=2
ch; ;)= 1 2 cos(h)y+ 2
2. restriction of a positiv e de nite function on R3 to the sphere

ch; ;)= exp sin( h=2)

We only parameterize the scale of the covariance matric es.

The \range " is choosen according an \e mpirical Bayes" approach.

P oste rio rs

Full conditionals for the param eters are available

vodin Np(s)
iv il Ng(s)
oidin ()
il N(3)




Gibbs Sam pler

Gibbs sampler programmed in R

Run 50000 iterations
(40000 burn-in, keep every 10t h, takes 12 hours)

Visual insp ection of conv ergence

Lo cal Posteri or Climat e Change
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Discussi on and Furth er W ork

A rst \r unning horse"

Promising approach (sta tisticall y and climatologic ally)

Evaluate and up/do wn-scale rst results
Generalize covariance parameter izat ion

Use \curr ent" climat e for bett er priors

Extend to multiva riate setting

Global Posterior Climat e Chang e

Posterior Mean Change in DJF temp.
Years 61 to 80 - 1 to 20, 1% CO2 incr/yr
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