Bayes Mo del for Climat e Pro jecti o

Synthesizing temperature and precipitation climate

Sp ati al Hierarchical B ayes Mo del projections from the outputs of several AOGCMs'

weighted according to mo del bias and conver gence.

for AOGC M Climat e Pro ject ion s

In collaboration wit h: Stephan Sain - CU at Denver
Tom Wigle y - NCAR
Doug Nychka - NCAR
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As Beau tiful. . .

Clim ate , a Sen sitive System

Bett er understand the natural long- term cycles in climate
(e.g. Pacic Decadal Variabili ty, North Atlantic O scillation)

Improve the capability to forecast seasonal to interannual cycles
of variabilit y (e.g. El Nino-La Nina events)

Sharpen the understanding of climat e extreme s and deter mine
whether any changes in their freque ncy or intensit y lie outside
the range of natural variabili ty

Incre ase public and scientic awareness in the reality and the
causes of climate change
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Wh at Is Climat e Anyw ay? How to Stu dy Clim ate?

Tw o of Google's responses to \de ne :climat e" Too limite d approaches:

the typical or expected (average) weather patt ern, as opp osed to use localized time series of observations

the actual weather at any given instant. Daily Precipitation (Fort Collins)

The sum total of the meteorologic al elements that character ize
the average and extre me condition of the atmos phere over a long
period of time at any one place or region of the earth's surface.

inch/day
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The collective stat e of the atmosphe re at a given place or over a
given area within a specie d period of time.
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How to Stu dy Clim ate? AOG CM

Too limite d approaches: Compli cated approach:
use localized time series of observ ations

AOGCM's: Atmos pheric-Oc ean General Circulation Mo dels
use \a ncient" proxy observations

Computer models that calculate
the detailed large-scale motions
of the atmosphere or the ocean
explicity  from  hydro dynamic al
equations.

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

AOG CM: the NC AR Mo del Examp le: Atmo spheric Mo del

8 . L.
CCSM3, the newest NCAR model (June 23, 2004) : 2 Extemal forcings (radiation, volcanos,. ..)

Input N Anthrop ogenic forcings (GH G, aerosols, .. .)
Resolution: T85L26v1 ' Init ial condi tions
App roximately 500, 000 lines of code #
3.45 years per simulation day (192 CPUs, 32-way nodes) Flow dynamic s, PDEs

Large scale discretization and simpli cations
Parametrizat ion

#

Out put

10Gb ytes output per simulation year (daily and mont hly data)

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




Di ere

nces in Results

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

Sim ple Stat istical Mo del

xt " (obser ved present climate)
x t Uj (simulat ed present climate)
y* Vi (simulat ed future climate)

Dat a from MA GICC/SCE NGEN 4.1 (Wigl ey, 2003):
16 models (CSM, ECHx, HAD x, GFDL, ...)
resolution (2592 data points)
Perturbation experiment with 1% CO , increase per year
Averages over 20 years, 1-20 and 61- 80
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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 of an innite series of Legendr e polynoms

cth; ;)= 1 2 cos(h) + 2 32

2. restriction of a positiv e de nite function 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.

Sim ple Stat istical Mo del

Precipita tion or surface temp erature.

X o = observed present climat e = present climat e+ meas. error
Xj = simulated present climate; = present climate + model bias;
Y = simulated future climate; = fut ure climate + model biasj

Obj ective :

Probanbilistic description of mo deled climate change

St ati stical Mo del

Xo= x+" (obser ved present climate)
Xi = x*t Ui (simulat ed present climate)
Yi= g+ (simulat ed future climate)
" N(0;S)
X = M x uj N (0; i)
y= My Vi= Wit U

wi N(O; i) wi?u

Priors

Let C be a positive deni te matrix using c( ;1; ) and put

S= ofC i= iC i= iC
W e use vague (disperse) priors
N (0; 21)
N (0; 1)
i (3 a)
i (556
i N@©; D




P oste rio rs

Full conditionals for the param eters are available

poJin NGy
i 1)
ijrir N(3)
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Exten ded Stat isti cal M odel

Die rent possibilite s to extend the mo del:

Xo= x+ Ix+" (obser ved present climate)
Xi= y+ lx+ bj+ uj (simulat ed present climate)
Y = y+ Ly+ bj+ v (simulat ed future climate)

Problem is \tracta ble" if all covariance matri ces are of the same form.

No explicit expressions for full conditionals available.

Gibbs Sam pler

Gibbs sampler programmed in R
4 seconds for one iteration

Visual insp ection of convergence (5000 burn- in, keep every 10t h)
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Discussi on and Furth er W ork

A rst \running horse"

Promissing approach (sta tistically and climat ologicall y)

Evaluate and down-scale rst results
Generalize covariance parameter izat ion

Use \curr ent" climat e for bett er priors

Extend to multiva riate setting




