A small statist ical cont ribution
towards a global picture

Introduce IPCC, its mission and cont ribut ions

Out line the framew ork of the stat istical analysis
Reinhard Furrer for an IPC C publ ication

MA CS-Mines, Sept. 23rd 2005 Develop a multiva riate Bayesian analysis of

Atmos phere-Oce an General Circulation Models

IPCC : 101 IPCC : Structu re

Int ergove rnmental Panel for Climate Change (IPC C)

established in 1988 by the World Meteorologic al Organizat ion
and the United Nations Environm ent Program

assesses scientic info rmation relating to climat e change

formulates realistic response strat egies

IPCC : Assessme nt Reports IPCC : Publicat ion Procedures

Maj or assessment reports: 1990, 1996, 2001

Fourth Assessment Report (AR4) is planned for 2007.




WG1l: Th e Scienti ¢ Basi s

Working group 1 is concerned with the scienti c aspects of
the climat e system itself and climat e change in particular.

Observ ations

Paleo climate

Climate Mo dels and their Evaluat ion

Under standing and Attri buting Climate Change
Global Climat e Projections

Regional Climate Projec tions

Mo dels Do Not Agre e

Qua nti fying Un certa inty

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. 2005).

Gridde d, global, spatial approach ...

Study Climate with AOGC Ms

AOGCM: Atmosphere -Oce an General Circulation Mo dels

Num erical models that calculat e the precise large-
scale motions of the atmospher e and the ocean

explicitly from hydro dynamic al equations.

Examp le: Atmo spheric Mo del

8
2 External forcings (radiation, volcanos,. ..)
Input N Anthrop ogenic forcings (GH G, aerosols,...)
Init ial condi tions

#

Flow dynamic s, PDEs
Disc retizat ion and simpli cations
Param etrizat ion

#

Temp erature and precipitation
Pressure, wind, ...

Out put

Ba yesian Ap proach

Synthesizing temperature and precipitat ion climate
proj ections from the outputs of several AOGCMs'
with a hierarchic al Bayesian approach.

In collaboration wit h: Stephan Sain - CU at Denver
Claudia Tebaldi - NCAR
Doug Nychka - NCAR

Jerry Meehl - NCAR
Linda Mearns - NCAR
Tom Wigley - NCAR
Reto Knutt i - NCAR




Dat a provided for the Fourth Assessment Report of IPCC:

19 models (CCSM, GFDL , HAD CM, PCM, ...)

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

Die rent scenarios (A 2: \busine ss as usual*, AlB, Bl)

Temp erature , precipitat ion, pressure, winds. ..
seasonal averages over years 1980{1999 and 2080{2099,

NCEP reanaly sis as \obser vations"

Hiera rchi cal Stat istical Mo del

Dat a level:

D;=Y; X;= simulated climate change

= Y; X;= large scale struc ture + small scale structure
=Y Xi=M ;j+ "y with "y N(O; i )
Process level:
i N(C ;D (projec tion coec ients)

Prior level:

i | (1;2) (small scale variabilit y)
i | (3 4) (mo del" variability)
N (0; sl) (unknown large scale)

Cova riance Matri x

Example s of positive de nite functions on the sphere:

1. representation using an innite series of Legendr e polynoms

oh: ;)= 1 2 cos(hy+ 2 3%

2. restriction of a positiv e de nite function on R3 to the sphere

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

We only parameterize the scale of the covariance matrix

The \range

Xi = simulated present climate;
Y; = simulated future climate;

Obj ective :

Probanbilistic description of simulated climate change

is choosen according an \e mpirical Bayes" approach.

Basi s Funct ions M
We need a \ri ch" trunc ated basis set M.

Current candidat e:

Harmonic func tions on the sphere
Indicato rs for continents, sea ice, ...

Patter ns of current climate from NCEP reanalysis

Gibbs Sam pler

Distribution of given the AOG CM outputs.

Full conditionals for the param eters are available

Gibbs sampler programmed in R

Run many iterations:
5000 burn-in, keep every 10t h

Assessing conv ergence with:
trace plots, dier ent starting values, ...



Poste rior Climate Change Poste rior Climate Change

Posterior Probability that we
20% quantil e of observe at least
synthesize d, a 2 K modeled

mo deled temp era- temp erat ure

ture change increase

Poste rior Climate Chang e Poste rior PCM M odel Realisati ons

Posterior median
of synthesized,

mo deled precipita-
tion change

Discussi on and Furth er W ork

Simple stat istic al mo del

Provide s probabilistic answers to climatologist's questions

Implement ensemble runs
Generalize covariance parametri zation

Extend to multiva riate setting




