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For which- Purposes do we Use 
0 bserved Data 

• Climate modelling 

- Design of parameterisations 

- "Validation" of dynamical climate- models* 

- Optimization of dynamical modeis* 

- Design of numerical experiments* 

- Fit of empirical models* 

• Climate forecasts 

- Need of initial conditions. 

- Need of boundary conditions to spin models up. 

- Data assimilation 

• Climate diagnostics 
Identification of 

- modes of natural variability,* 

- sensitiv ities among sub-systems,* 

- external signals.* 

* Examples will be presented in the talk. 



Validation of climate models 

atillospheric models 
mean state, seasonal cycle 
variability on time 

scales < 1 year 

data requirements: 
- global coverage 
- high quality 
- short period 

oceanic models 
mean state(s) 
data requirements: 
- global coverage 

coupled models 
low-frequency variability 
on time scales > 10 years 
data requirement 
- long records 
- low quality 
- homogeneous 
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Fig. 3a, b. The July-mean significant 
wave height Es (in m). a as forecast 
by EC:N1WF from analyzed winds 
(mean over July 1987, 1988, 1989 and 
1990); b as simulated by the coupled 
wave-atmosphere model (360-day 
mean) 
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Ficure 3. 
Canonical correWion paaems ol obees � winta (DJF) Jbcrian raiafall llld: 
simultwous SLP field in the Nanh Atlantic: area. The ccndaDon ba-.cca the 
usociated time coefficients is 0.75. They explain about 65tJ. and � of the 
respective total vuUnccs. 
The SLP data arc derived from COADS on a lefx4• lat-lon1 &rid D0m h96e 
through 1980. The rainfall dm compiJe 29 siadoas, the lncabons of which 
;are mmed by � from WMSC covuin& me same period. 
(From Zorita et al., 1991) 
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Figure 8. 
Canonical correlation patterns of winter (DJF) Iberian rainfall (mm,J,month,) and 
SLP (mb) m the Nonh Atlantic derived from the GCM control run. Correlation 

between time coefficients is 0.38. The explained variances are 48% and 23%, 
respectively. 
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(a) "NISLP 

VG!riance exp[a ined = 51. 9% 

(b) Precipitation 
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Variance explained : 77.6% 

Figure 9. (a) MSLP and (b) precipitation patterns (arbitrary units) 

obtained by Canonical C<;)frelation Analysis between 

simulated monthly-mean MSLP and Iberian precipitation 
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Intensity of the Index of the Meridional Overturning in the North Atlantic 

LSG 4��������������������� 

2 
0 

-2 
23�3 [Sv] 

- 4 -P..J-J...��..:...+.-d�......._�:ri+.++-U-4-L....J.....1...L.-j--J..J....l-L-.,l-J._.l.��-+-+-+..J..,..j� W�isse et �I.. 1993 

:111. () 

:11.0 
:w.o 

:1.1.0 
:1:1.0 

0 100 200 300 400 500 
TIME [years] 

------------ -------- -------- - -·- ·--------------------

uo 120 l ll 0 2()() 2UO �\20 ::wo 

-18 [Sv] 

Delworth et al., 1993 

ECHAM1/LSG 

35.7 [Sv] 

1 ()() 'I 110 



lntenanw If the Masstransport through the Drake Pa11age 
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Improvement / Optimization 
of Climate Models 



)dellphysik l Eigenschaften und Grundgleichung des Seegangs 

1 eidimensionales jspektrum F(k; X, t)I beschreibt den Seegangszustand 
(i, t: Ort und Zeit; k: vVellenzahlvektor mit k =lkl= 2{, Dispersionsrelation w = #') 
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Sensitivity Experiments 
with Climate Models 

atmospheric models 
effect of anomalous SST 
Exarnple: June 1988 

oceanic models 
anornalous heating/ mixing 
Example: North Pacific 

1950-80 

coupled models 
effect of anomalous 
radiative forcing 
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Fig. 1. Schematic map of the anomalous wintertime flow 
during a warm SO event (after a 700 mb height composite 
given by Van Loon and Rogers, 1981). Time series of observed 
and simulated SST anomalies averaged in area A and B are 

shown in the third part of the fourth section. 
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Fig. 4. EOF analysis of the observed SST anomalies derived 

from 1950-1979 COADS (360 months). (a) first EOF, ex

plained variance: 23%. (b) second EOF, explained variance: 

19%. (c) third EOF, explained variance: 11 %. 
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variance: 15%. (c) third EOF, explained variance: 11 %. 
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Empirical Models 

• For some applications general circulation models can 

not be used directly because of limited computational 

resources. 

• Climate Models return useful information only for 

spatial scales which are larger than a few grid sizes. 

Information required by most "users" (regional oceanographers, 

geographers, ecologists ... ) concern spatial scales of the order of 

tens to few hundredths of kilometers. 

"Statistical Downscaling" is a wholesale option to satisfy this de

mand by postprocessing climate model output with such proce

dures. 

• Climate models can neihter be run often nor be ex

pressed as an invertible function which relates forcing 

and climate state. Such function are needed for "Global En

vironment and Society" models. 

Statistical climate models, which summarize the experience gath

ered in the observational record or in the output of a dynamical 

climate model, can be used in such cases. 
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Fieure 5. 
Five-year-running mean time scnes of area-avenged winter (DJF) mean rainfall 
(mm/month) as derived from station data and as derived indirectly from the 
state of the Nonh Atlantic SLP field. Because of rhe lack of daca in rhe WMSC 
dau-set in the early pan of the century, not the WMSC stations but those 
with a complete record 1900-1980 in the Universidad Complutcnsc station data 
set have been used . 
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a) Observed winter mean SLP difference (mb), derived from NCAR data. 
b) Winter precipitation differences (mm/month) at the 12 swions cocaraincd m 

both the Complutensc data-set and in the WMSC data-set. Solid: in-situ o&
servations. Hatched: rainfall difference estinwc:d from the SLP difference shown in a). 
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Figure 9. 
Regional change 

"2xC02"-expcrimcnt. 
of winter 

(a) Directly simulated by the GCM. 

27 

Iberian rainfall (mm/,mQnth) m the. 

(b) Indirectly derived from the simulated change of the Nortll Atlantic SL? 
field. 

@ 

r.l;::===============�==========:::;==::;============
�

��l 45� 
:��ft��� 

10-r 

10-Y 

! Ras l>O\U� 
I Q- ......1111�� 

I I 
I -9• I 
I 
I I 
I 
I 
I 

I 
I 
I 
I 
I 

e I 
I 
t 
• 
� 

o· 

I I 
-------------�----------------- -----------------' I � 

I I -......../' I 
I 
I 
I 
I 
I 
• • 
, 

c,..\\�-k.. �a.. ex-pe1��e\,(.r 
l\ 1' r Co \4.." le.cl c..l\\1\,1\.�� (. \M oc:le. (. 

5'! 

3511 



I 

GLOBAL ENVJRONMENT AND sOCIETY (GES) MODEL 

"_ ....... s 

rr=-��-=-=-=-=,·�=====!!==�:::;t�::-�;�����1h- -----� 
I 1 COSTS I 

-------------
11 11 GLOBAL + 11 It I '' REGIONAL f MAXJlllZE f1 4 SOCIO-ECONOMIC ADgt��f·GLOBAL WELFARE•fl 

11 MODELS ----- -N 11 11 -----""Yj 11 
C�TE + GREENHOUSE GAS L-----�N 

GLOBAL Cu •NGE EllSSIONS. 11 OF GLOBAL 
FEEDBACK DEFORESTATION. POUUTJON, - II WELFARE FUNCTION 

11 r-�·::::: .. �-Y-======-j! 

092HVSe 

II I 11 
1
11
1 CUMA TE 1

1 DECISION MAKERS: 1111 DEFINITION OF 1 Jl + f •GLOBAL HUMAN 111 If GLOBAL CHANGE 1 WELFARE9 11 1, MODELS I FUNCTION 11 
l 1 GLOBAL WARMING L-------------jJ 
11 + Ll-....:-....:-..:-..:-....:-...:-...:--:J Ct.lllATE CHANGE 

• o_�.\.e,r H-o.t.s�\ WA\o\W\ ( (,, 0) 
• �·,tM.v\� vt<� i o'W\. A..CM.�l�""'-e'-\. -k."" 

ri,� 10.."'-vo\A.t\A. e.\- «-L.. C.,, Cl l) 
:·; ....... : 

· . .  ' 



OPTIMAL E *(t) 
_.......������--

A(t) 

D t 

. T(t) E(t) 
d 
T( 100) 
C(100) 

092HVSo 



greenhouse 
gas 

) 
emission 

climate pol 

I 

I 

I 

•costs• of 
adaptation, 
abatement 

• • • • • 



�"4-_5 /o.CA.ol '131.J - -13�:+ 
'Ro_\ u._J s <.t. W\.IM. e. n k.a.. v e.. sever lj "r(. �r:J. 
� l.ta.rve� \- - . .. .<oro at � f()p�la.,t\cf\.\. 
� \- ()Lac}.. - - . 

"... the archbishop of Canterbury or

dered the clergy to perforin solemn, 

barefooted processions bearing . the 

Sacrament and relics, accompanied by 

the ringing of the bells, chanting of the 

litany, and the celebration of the mass. 

This was in the hope of encouraging 
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appease the wrath of God by prayer, 
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c yrur�d�, - ?:��� ,r�kordt:emp€raturer 1 

4:ldce og lignende:.:.:frif oe·seneste tr-g ar. De � 

. ek.Streme begfvenhe9-er �r taget til i antal i de 
senere ar og tolkes af Greenpeace SDm de f�rste 
tegn pa klimarendrllger som f0lge af drivhu-

- seffekten. Rapporleri ,CDen tidsindstillede kli
mabombe', der i g8.r blev overrakt til milj�mi- . 

ni�ter Svend Auken'(S),·Vil blive opdatere� hver 
halve ar. (Pol). . . . . 



Is Global Warming 

niainly 
an environmental 

or 
a social problem? 
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