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For which Purposes do we Use
Observed Data

e Climate modelling

— Design of parameterisations

— “Validation” of dynamical climate models*
— Optimization of dynamical models*

— Design of numerical experiments®

— Fit of empirical models*
e Climate forecasts

— Need of initial conditions.
— Need of boundary conditions to spin models up.
— Data assimilation
¢ Climate diagnostics
Identification of
— modes of natural variability,*
— sensitivities among sub-systems,*

— external signals.”

* Examples will be presented in the talk.



Validation of climate models

atmospheric 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 H; (in m). a as forecast
by ECMWF 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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Derian

in the North Atlanoc area. The axrelanam

Canonical cocreladon pancas of observed winter  (DJF)

simultaneous SLP field

Figure 3.

associated time coefficients is 0.7S. They explain about 65%

respective total vanances.

The SLP daa are derived from COADS on a 10°x4° lat-long grid from 1950

1980. The nrainfall data comprise 29 sodons, the loanoces of which

are marked by dots, from WMSC covening the same peniod

through
(From Zonta et al, 1991)
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Figure 8.

Ibenan rainfall (mm/month) and

North Atlantic derived from the GCM conwol run. Correlation

of winter (DJF)

correladon patterns

Canonical

the
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SLP (mb)

23%,

0.38. The explained vanances are 48% and
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(2) MSLP

Variance explained = 51.9%

(b) Precipitation
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Variance explained : 77.67

Figure 9. (a) MSLP and (b) precipitation patterns (arbitrary units)
obtained by Canonical Correlation Analysis between
stmulated monthly-mean MSLP and Iberian precipitation
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OEPTH IN METERS
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Intensity of the Index of the Meridional Overturning in the North Atlantic
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Intensity of the Masstransport through the Drake Passage
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VARIABILITY IN A SINGLE-P OI T TIMESERIES
(CENTRAL ENGLAND)
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Improvement / Optimization
of Climate Models




t

‘)dellphysik Eigenschaften und Grundgleichung des Seegangs

)

eidimensionales |Spektrum F'(k; &, t)} beschreibt den Seegangszustand
) (Z, ¢ Ort und Zeit; k: Wellenzahlvektor mit k =|k|= 21 Dispersionsrelation w = \/gk)
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Sensitivity Experiments
with Climate Models

atmospheric

oceanic

coupled

models
effect of anomalous SST
Example: June 1988

models

anomalous heating/mixing

Example: North Pacific
1950-80

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 4 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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EOF analysis of the SST anomalies simulated in

experiment II (anomalous heat fluxes derived from the temper-

ature advection model) based on 360 monthly means. (a) first
EOF, explained variance: 38%. (b) second EOF, explained
vaniance: 15%. (c) third EOF, explained varance: 11%.
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Fig. 8. Coefficient time series of the first three observed
(continuous line) and experiment II (heavy line) EOF. The
data are smoothed by a 5-months running mean filter. (a) first
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simulated EOF.



Empirical Models

e For some applications general circulation models can
not be used directly because of limited computational
resources.

e 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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AREA AVERAGED RAINFALL [mm/month] '

17

Figure §.

Five-year-running mean time series of area-averaged winter (DJF) mean rainfall
(mm/month) as derived from station data and as derived indirectly from the
state of the North Atlantic SLP field. Besause of the lack of data in the WMSC
data-set in the early part of the century, not the WMSC stations but those

with a complete record 1900-1980 in the Universidad Complutense swuaton data
set have been used.
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a) Observed winter mean SLP difference (mb), derived from NCAR dam

b) Winter precipitation differences (mm/month) at the 12 suarions contained in
both the Complutense dam-set and in the WMSC damset Solid: insim ob-
servatons. Hawched: nminfall diffaence eimated from the SLP diffaence
shown in a).
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Figure 9.

Regional change of winter  Iberian rainfall (mm/menth) n the.
"2xCOz"-cxpcrimcnt.

(a) Directly simulated by the GCM.

(b) Indirectly denved from the simulated change of the North Atlantc SLP

field.
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GLOBAL ENVIRONMENT AND SOCIETY (GES) MODEL
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“... the archbishop of Canterbury or-
dered the clergy to perform 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 1n the hope of encouraging
the people to atone for their sins and
appease the wrath of God by prayer,

fasting, alms giving, and other charita-

ble work.”
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,"Mlhﬁorganlsationen Gré'é”npeace har udsendt
én rapport nied beskrivelse af 500 elstreme
vejrheendelser — orkaner, rekordtemperaturer,

‘tgrke og igiiende = frd de ‘senestetré 4r. De .
‘ekstreme begivenheder er taget tiliantal i de
senere &r og tolkes af Greeénpeace som de fgrste
tegn pd klimazendringer som fglge af drivhu-

- seffekten. Rapporten *Den tidsindstillede kli-
mabombe’, der i gar blev overrakt til miljgmi-
nister Svend Auken (S), vil blive opdateret hver
halve &r. (Pol) |

\—.\y
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Is Global Warming

mainly
an environmental
or
a social problem?
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