' B

Coastal Climate

-3 Lectures-

Hans von Storch
GKSS Research Centre,
Institute of Hydrophysics,

Geesthacht, Germany

10.7.97



I O

I The Global and Regional Climate Systems

Historical note

* The formation of the global climate

* The formation of regional climates

The role of local processes for the global climate

II Climate Variability and Change

e Climate variability and change
* Dynamics of climate variability
Modelling climate change

The detection problem

I1I Storms, Waves and Storm Surges

* The WASA project: Waves and storms in the
Nord Atlantic
Empirical evidence
TheWASA hindcast

* Excursion: The downscaling problem
Example: statistical downscaling-the Baltic Sea
Example: dynamical downscaling-the North Sea

* Changing statistics of storm surges....the case Cuxhaven

Statistical and dynamical downscaling
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The Global
and Regional
Climate Systems

= the formation of the global climate
= the formation of the regional climates

=> the rOle of local processes for the
formation of the global climate
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The Formation
of the Global Climate

Energy Balance Models

Emergence of Planetary Scale
Atmospheric State from a State of Rest

10.7.97
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Historical note

Koppen's (and others) applied view
of mapping the climate of the earth

Hadley's (and others) theoretical view of
understanding major features of global climate

Question:

global climate s > regional climates
regions

10.7.97
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Figure : A schematic representation of the general circulation of the
atmosphere as envisioned by Hadley ( 1735 ).



Lohmauu , 1993

Climate Zones (Koeppen) from Obs. (Jones and Legates)
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OB

Conclusion
Physicists' view
global climate — f (global forcing, planetary scale
features)
is right and
global climate — > |  regional climate
regions

1s inadequate.

= Therefore General Circulation Models (GCMYS)
with limited spatial resolution (e.g. 6°x 6°
longitude x latitude) can simulate the global
climate.

= The success of GCMS on the planetary scale
does not imply their success on the regional
scale.
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Die globale Bilanz der Strahlungsenergie, die Zahlenwerte in Watt beziehen sich auf einen
m? Erdoberfliche. Links die kurzwelligen Strahlungsfliisse, rechts rechts die langwelligen und
die Warmefliisse (fithlbar und latent)
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langwellige Einstrahlung

Absorption und Umwandlung

3 in Warme

Verdunstung und fahibarer
Warmeflu8




Kurzwellige Langwellige

Einstrahlung Ausstrahlung
A A
E BE o A
Y
Substanzen Substanzen
A
(1-B)E A (1-a) A
| Y
Erdoberfldache

Ausstrahlung A= xoT ¢

Balance erfordert
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Figure 1.4: Assumed nonlinear dependency of albedo

temperature. From von Storch et al. (1998)
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Figure 1.5: Convergence towards stable equilibrium solution of the Energy
Balance Model (1.4) with temperature dependent albedo. From von Storch

et al. (1998)
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SEA-LEVEL PRESSURE TEMPERATURE AT 3 KM
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Fig. 5.1 Time sequences of sea level pressures and 3 km temperatures from
a perpetual January simulation of a two-layer atmospheric GCM starting
at rest with a 240 K isothermal atmosphere. The pressure contours are
drawn at intervals of 4 mb and the temperature contours at intervals of

5 K. The contour lines on day 1 are at 1000 mb and 245 K. [From Wash-
ington (1968).]
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Abb. 2. Zeitliche Entwicklung des zonal gemittelten
Bodendrucks als Funktion der geographischen Breite.
Isolinienabstand 5 hPa.

Fig. 2. Latitude-time diagramme of the zonally averaged
surface pressure; spacing 5 hPa.
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Abb. 5. Meridionalschnitt der Zonalwindverteilung 1m Mittel
des 4. Monats. Ostwindgebiete sind gestrichelt, Isolinienabstand

2 m/s.

Fig. 5. Latitude-height cross section of the zonal wind averaged
over month 4. Areas with easterly winds are stippled, spacing of
isolines 2 m/s.
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Abb. 6. Meridionalschnitt des Vertikalwindes im Mittel des
4. Monats. Gebiete mit aufsteigender Bewegung sind gestrichelt.
Isolinienabstand 2-10-! mPa/s.

Fig. 6. Latitude-height cross section of the vertical
p-velocity averaged over month 4. Areas with ascending
motions are stippled, spacing 2.10 - mPars.
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obs win (dly) mean 500mb geopotential—1980s (m)

FiG. 8. Winter mean geopotential height at 500-hPa for (a) NMC observations, (b) CCM1,
and (c) CCM2. The winter mean is an average over December, January, and February (for
the 1980s for observations and over ten years of model simulation for models).

Risbey &Stone, 1794



obs winter mean 200mb zonal wind - 1980s (m/s)

FIG. 6. Winter mean zonal wind at 200 hPa for (a) NMC observations. (b) CCM1, and (c)
CCM2. The winter mean is an average for December, January. and February over the 1980s
for observations and over ten vears of model simulation for models.

,Qiréej L Jrouwe, (95¢



obs win bandpass rms 500mb geoptl—1980s (m)

N\ g

FiG. 9. Winter-mean bandpass filtered rms geopotential height at S00-hPa for (a) NMC
observations, (b) CCM1, and (c) CCM2. The winter mean is an average for December,
January, and February over the 1980s for observations and over ten years of mode! simulation
for models. The filtering retains periods in the range between 2.5 and 6 days.

Rl‘xécj awod Jroue , /715
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ccm?2 win (dly) mean 500mb geopotential-1980s (m)




ccml winter mean 200mb zonal wind — 1980s (m/s)
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FiG. 6. (Conrinued)
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The Formation
of Regional Climates

= (Case : Sacramento Valley
a synoptic analysis

= Coditional Statistical Models
Canonical Correlation Analysis
and Redundancy Analysis as a tool
for specifying conditional means

= (Cases : Romanian precipitation and
North Atlantic wave height statistics

10.7.97
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1. The General Nature of Weather Forecasting. The general
problem of forecasting weather conditions mray be subdivided
conveniently into two parts. In the first place, it is necessary
to predict the state of motion of the atmosphere in the future;
and, secondly, it is necessary to. interpret this expected state
of motion in terms of the actual weather which it will produce
at various localities. The first of these problems is essentially
of a dynamic nature, inasmuch as it concerns itself with the
mechanics of the motion of a fluid. ‘The second problem in-
volves a large number of details because under exactly similar
~ conditions of motion, different weather types may occur, de-

pending upon the temperature of the air involved, the mois-
ture content of the air, and a host of local 1nﬂuenoes :

Vickor Sharr, %2



Figure 7: Ratio of svnoptic scale standard deviation of air pressure variations in winter (DJF)
as derived from DNMI analysis in the decade 1984-93 and in the decade 1964-73. The area
“A” south of 70° N and east of 20° W is marked.

SLP STD ratio (band-pass filtered)

Data: DNMI 1984-93 vs. 1964-73, DJF
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WASA aims:

« Reconstruction of the storm and wave climate in the Northeast Atlantic
and adjacent seas in the 20th century.

« Construction of the future perspectives of the storm and wave climate
in the 21st century

Two central questions:

« Is the storm climate in the past 100 years consistent with the notion of
intensifying or more frequently forming storms in the Northeast Atlan-
tic and adjacent seas?

- How was / might be the response of the wave field and the storm surge
statistics to the past / possible future changes in the storm climate and
other atmospheric features?

Strategy:
- examine long, homogeneous observational data series
- analyse extended hindcast experiments with wave models

- use the output of climate change scenario experiments to prepare
scenarios for possible future wave climates.



Figure 11: Storm count in the area between T0°N to 50° N and east of 20° W (see Figure 7) in
the DNMI data in DJF for different multi-year intervals. The storms are sorted after the core
value z of the 1000 hPa level in meters. The pressure in mb is approximately z/8 + 1000.
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Figure 1: Time series of percentiles of geostrophic wind speed over Denmark. [nits: m/s.
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Figure 9: Percentile-percentile plot of station mean wind speed and geostrophic wind speed for
the Danish triangle, derived from 5 years of daily data.
pp-plot of observed vs. calculated wind

Denm ark, 1980-1984 indl.

60

50

40

30 !

20 J"‘! |

Calculatad geostrophic wind {in/s)
J
-
R
b

3 5 10 15 20

Meen wind of live synoptic stations {m/s)



Figure 8: Scatterdiagram of station-mean wind speed and geostrophic wind speed over Den-

mark. .
Observed vs. calculated wind
Denmark, 1980-1984 in;i.
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Pigure 20 Time sertes of number of daily geostrophic wind speeds exceeding 25 m/s. derived
from the triangle (Gotebore-Vishv-Lund in Southern Sweden. The solid line represents a low-
pass filter.

Triangle Goeteborg-Visby-Lund
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Cignre 30 Time sertes of percentiles ob 24-hour pressure tendencies over Denmark Unies: 0.1

hPa/3 hes.
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Figure 50 Time series of Y. 7. 0. '736’/{ awd 50 pereentiles of the annual wave height
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Figure 10: Example of a KNMI analysis of
the wave height field prepared for shiprouting

pUIposes.




Figure 6: Time series of 117, 107 and 50% percentiles of the annual wave height distribucion
in an area west of Ireland (10° - 20°W. 50° - 53° N) derived from operational shiprouting maps
prepared by KNMI Units: .
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WAM wave model set-up:

SSOACSE NOTTE Agate grie

78.0°W - 48.0° E, A=1.50°
9.5° N - 80.0° N, A =1.50°

deep water model with 2094 active grid points

- nesind fine grid in the Northeast Ailantic
30.0°W -45.0°E, A = 0.75°
38.0°N-77.0°N, A =0.50°

shallow water model with 4105 active grid points

capectral resnbition

15.0° for directions
25 frequencies from 0.042 - 0.411 Hz

- input wind fields

coarse grid: operational wind analysis prepared
by FNOC, 6-hourly
fine grid: wind estimates from air-pressure analyses

prepared by DNMI, 6-hourly

- monshiy update of sea ica tover

- nutput everv 3 honrs at all grid points

wave spectra,
integrated parameter




WAM/FNOC PBLM winds: BILBAO, Hs(m)
THIN LINE: MODEL / GROSS LINEZ: BUOY
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About WAM model:

model runs for any given regional or global grid with a

prescribed topographic data set
the grid resolution can be arbitrary in space in time

the propagation can be done on a ¢, - or on a cartesian

grid

the model runs for deep and shallow water and includes

depth and current refraction

the integration can be interrupted and restarted at arbi-

trary times

the source term integration is done with an implicit inte-

gration scheme

the propagation scheme is a first order upwind flux

scheme

the model can be run in a nested mode




Wind speed : mean 90% 1955-1994
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Wind speed 90% : changelyear [cmls] 1955-199.
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Velocity [m/s]

Velocity [m/s]
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Velocity [

Wind speed
WASA fine grid run
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Height [m]

Height [m]

Height [m]

Total significant wave height
WASA fine grid run
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European part of the land-sea mask for different T-model resolutions

a) T21 b) T42

¢) T63 - d) T106



Pern TR X3 ToW

What does a climate model
know about the coast ?

| I 1
‘s ! |
] l i
] grid point l grid point l
] sea A: land ]
| - X . 1
] ®- ~ 500 km - @ |
H l i
mean

i mean depth : albedo. :
j | roughness, |
‘ height

1 | °19 l
grid box sea grid box land

015HVSq ds4

i
—> coast = contras:in some
box-averaged properties



MODEL DESIGN

Identify regional climate i

parameter(s) R

v

| Find large-scale climate

parameter L which

e controls R through
R=7F (L, a,) with
parameters o, to be
specified.

e is well simulated by
a climate model.

p—

Use samples (R, L)
from historical data

to find EO such that
IR-F (L, uy)ll=min

y

|
l

Validate choice of
« With independent
historical data.

TEST CLIMATE
MODEL

|
|

Get L and R from
climate model output

v

Fit parameters o, such
that for the model data \

IIR-:F(L,E’m)II=minJ

v

|

|

if o~ o, use |
GCM generated R ’

MODEL
APPLICATION

Get L from climate 1
model output |

Use_‘
F (L, ag) '

N5HVSI

ds4




Downscaling - relating a ’local’ parameter of interest to
well simulated ’large scale’ parameters

The necessity of downscaling:

In climate impact research downscaling techniques are required because

o GCMs reproduce ’large scales’ but fail on ’small scales’

e spatially and temporally well resolved data is needed

One distinguishes between ’dynamical downscaling’ (also called ’nesting’) and ’statisti-
cal downscaling’ (e.g. ’analogue models’, ‘regression models’, 'weather generators’)

The concept of downscaling:

Search for dependent parameters: Identify large scale parameters which
control the local parameter of interest

Modelling a relationship:
e In case of dynamical downscaling : build a numerical model

e In case of statistical downscaling : find a statistical relationship

Validation of the relationship: Validate the model with independent data

Application: Derive local scenarios from large scale GCM-scenarios




Example: BALTIC SEA

e Regional Parameter R:

— Sea level at 14 stations along the coast of the Baltic Sea;
— Detrended data (to avoid land sinking/rising signals);

— Mean annual cycle subtracted;

— Seasonal means (DJF) from 1905 - 1972,

e Large-scale parameter L:

— North Atlantic sea level pressure 70°W —35°FE x 30°N — 85°N
— Mean annual cycle and trend subtracted.
— Seasonal means (DJF) from 1905 - 1972

o I'it of CCA-model with data from 1951-70.
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Downscaling Coastal Sea Level

Limited Area Model (LAM):
e regional version of the GCM OPYC
e horizontal resolution 10km x 10km in the North Sea
e diabatic ocean GCM based on primitive equations

e isopycnals as Lagrangian coordinates in the vertical

e mixed layer model

e sea ice and snow model

Simulations:

The LAM is forced with atmospheric 12 hourly surface data
from

e the ECMWEF-T106 re-analysis project.
Length of the integration: 13 years (1981-1993)

e the ECHAM3-T106 "time-slice" CTRL and 2xC02 runs.

Length of the Integration: 5 years + 1 winter

Frank Kauker, GKSS



Figure 1: The topography [m} of the LAM.
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Mean

TMO-Greohice

ECMWF run. The mean surface circulation in winter (DJF) in the North Sea.
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"time-slice"-Control run. The 1st EOF of the surface circulation in winter.

Figure 5
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Figure 4: ECMWF run. The 1st EOF of the surface circulation in winter.
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Changing Statistics of Storm Surges
in the Recent Past and
in the Foreseeable Future?

A Case Study for Cuxhaven.

Hans von Storch and Hinrich Reichhardt
Institute of Hydrophysics, GKSS Research Centre
PO Box, 21502 Geesthacht, Germany
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Anutsch and Huber (1994)
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Cuxhaven
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Figure L Time series of the annual tean of the sea level reported by the Cuxhaven (German
Bight) iide gauge (top). and the tune series of various percentiles (15055 105 3000 o0t
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THE SHELF SEA CIRCULATION MODEL

e Resolution: 6'x 10’ 1.e. about 10 km x 10 km

e Area covered: North West European Shelf (including

the Baltic)

e HAMSOM (IfM), 2-dimensional and baroclinic

e 'Frozen’ salinity and temperature fields from

climatological monthly means

e Wind data:
DNMI-Data (1955-82),
DNMI-Data + ECMWF Reanalyses (1984-93)

ECHAMS3/T106 - time slice experiment:

2 x CO9 und control - run

HLn.ju&j



Past Variations

e Storm surges in Cuxhaven have lead to higher and
higher water levels in the past 100 years.

e The increase of high tides in Cuxhaven is mostly due
to a rise of 30 cm/100 years the mean level of high
tides.

e The storm-related variations, around the overall trend
in the mean water level, has remained stationary in
the past 100 years. A slight increase has taken place since
about 1960, but this increase may well be a swing reflecting natural
variability.
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The Statistical Downscaling Model

e The statistical downscaling model is a multiple regres-
sion model based on a Canonical Correlation Analysis
which links the anomalous monthly mean air pressure distribution
over the Northeastern North Atlantic and Europe to the three-
dimensional vector of anomalous intramonthly 50%. 80% and 90%
percentiles of storm-related (de-trended) high tide level variations

in Cuxhaven.

e The model is fitted with data from 1970 to 1988. The
CCA identifes two "good” pairs of patterns.

e The first pair describes an uniform shift of the water
level distribution in Cuxhaven. Its anomalous air pressure
distribution describes an northwesterly flow across the North Sea:
the storminess, in terms of the intramonthly standard deviation of
band-pass filtered pressure variations are enhanced.

e The second is associated with a broadening (or shrink-
ing) of the distribution. The 50% percentile is reduced but
the 90% percentile is enhanced. The anomalous monthly mean
air pressure distribution has a weak local southeasterlv compo-
nent; the overall configuration leads to an intensification of storm
activity in the North Sea area.
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Verification of the
Statistical Model

e The model is verified with independent data from 1899
to 1969.

e The skill of the resulting regression model is measured by the
correlation of in-situ intra-monthly 50%, 80% and 90% percentiles
and the estimated percentiles.

50% 80% 90%
79 72 .63

e Another measure of skill it the percentage of explained variance:

50% 80% 90%
62% 50% 40%

e An inspection of the time series indicates that the statistical model
is skillful in reproducing the low-frequency variations. The differ-
ences between in-situ data and estimated data are mostly white in

time.

e Byproduct: The conclusion of no systematic increase of storm-
related variability is supported by air-pressure data.
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Scenario for Future Changes
due to Global Wariming
for the Time of Doubled CO»

Concentrations

e Standard climate models are too coarse to simulate re-
gional details. Therefore downscaling strategies are required.

e We pursue a two-step downscaling strategy.
First, a scenario derived from a coarse (T21) resolution coupled
ocean-atmosphere climate model is dynamically downscaled by
means of a T'106 time slice experiment.
Then, in a second step, a statistical model is designed which re-
lates intra-monthly percentiles of storm-related high tide variations
to the monthly mean air pressure distribution.

e The T106 scenario indicates for the expected time of
doubled CQO, concentrations, in about year 2035, an
intensification of the mean northwesterly flow across

the North Sea.

e The statistical model interpretes the large-scale T106
air pressure distribution change as a tendency towards
higher tide levels in Cuxhaven. The increase of storm re-
lated high tides in Cuxhaven is rather small. The 50% percentile is
expected to rise by 10 cm whereas the 90% percentile is expected

to rise by 12 cm.
e The storm related increase of water level extremes has

to be added to the mean sea level rise, due to ongoing
land sinking and thermal expansion of the sea water,

of some decimeters.



The Combined Two-Step
Dynamical /Statistical Downscaling

e The T106 time slice experiment has been integrated
with doubled CO; concentrations and SST /sea ice dis-
tributions taken from the “transient” base ECHAM
T21/LSG coupled climate change experiment. A total
of 6 winters has been integrated so that 18 anomalous (= difference
to control run) monthly (DJF) mean air pressure distributions are
available.

e The mean anomalous pressure distribution indicates
an enhanced mean northwesterly air flow across the
North Sea. This distribution has CCA coefficients a; = —0.40

and Qg = 0.26.

e The regression model transforms these o's into anomalous
precentiles of about 7 cm.

e The estimated systematic change is comparable with
the model generated standard deviations. Thus, the ev-
idence supplied by the model fails to reject the null hypothesm of

“no change of storm related percentiles’.



Figure 3: Sea surface temperature obtained in the base climate change run for the “time slice”
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or-h (1993) who found no indica-
owards a systematic worsening of
TIn climate in a long time series of

yphic winds in the German Bight
so WASA, 1995).

ther observational data set com-
monthly analyses of the distribu-
f air pressure over Western [u-
and the Northern North Atlantic
T —25°L,30 - 70° N) since 1899 un-
38. These analyses have been pre-
by different weather services. The
analvses have continously been im-
d, o that the daily analyses are in-
geneous, containing a spurious sig-
f a roughening storm climate. The
hly analyses, however, are believed
10stly homogeneous and unaffected

~aificant inhoimogeneities (Trenberth
Paclino, 1980;.

shly mewn air-pressure maps for the
ern European / Northern North At-
¢ area are also available from a time
tCM experiment (see below in Sec-

- AN IS PR TN

avaharitont  wWwag

Figure 4: Anomalous winter (DJF) mean air
pressure anomalv simulated in the time slice
experiment as a response to modified SS'T and
doubled C'O, concentrations.

(Hewitson and Crane, 1992; von Storch et al.,
1993). The paradigm behind this approach is
that the large-scale climate of the atmosphere
is determined by planetary scale features such
as the distributions of continents and moun-
tains and the latitudinal variation of incoming
radiation. Then, the local climate appears as
the result of an interplay of the large-scale cli-
mate and the local details such as the details
of a coast. of landuse and smaller orographic
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Mittlerer Wasserstand durch 2 x CO2
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Zunahme in cm pro Meter des Thw’s unter 2*CO2 Bedin-
gungen gegentiber 1972-92 fiir die Monate dez - feb, sowie

nov - marz.
2*CO2 dez - feb nov - marz
Zunahme cm/m cm/m
Smogen 0 3
Esbjerg 3 10
Cuxhaven 7 12
Delfzijl 8 12
Harlingen 5 10
Den Helder 4 0
H.v.Holland 5
Vlissingen 4 5
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Figure 18.c
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Abbildung 5.7:  Oben: Langfristverhalten des E.3Ms bei temperaturabhéngiger
Albedo (aus Abbildung 5.6).

Mitte: Die Haufigkeitsverteilung des Ergebnisses.

Unten: Als Vergleich das Langzeitverhalten des EBMs bei konstanter Albedo.
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Main Conclusions

a) global climate # 2, regional climates

regions
b) planetary scale
forcing
global climate regional scale
forcing
\ /
Vv
regional climate local scale
\ forcing
/

V

J

local climate

c) statistics of local features, and not details
of specific localized features, matter for the
formation of the global climate
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Climate Variability
and Change

Outline

Notion of Climate Variability and
Climate Change

Dynamics of Climate Variability-

Nonlinear Dynamics and Integration of Noise.
Muliple equilibria of the North Atlanctic
circulation and 1in the terrestrial biophere; low-
frequency modes in the ocean excited by random
forcing; low-frequency modes in the atmosphere
unrelated to the ocean.

Modelling Climate Change with Coupled
Ocean-Atmosphere-Cryophere models.

The Signal-to-Noise Problem in Detecting
Climate Change.
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Climate Variability

fluctuations
of natural origin

Climate Change

systematic change
man-made
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Figure 1. 5-year mean anomalies of the number of ice-free days on the river Newa at St.
Petersburg (Russia) from 1761-1880. The anomalies are formed relative to the 1816-80 mean.
Adapted from Brickner, 1890.
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Figure 2. Mean temperature at two neighbouring weather stations in Quebec (Canada). The
urban station Sherbrooke exhibits a marked trend due to urbanization whereas the rural station
Shawinigan is almost trend-free. From von Storch and Zwiers, 1996.




Climate Variability

bifurcation
- Atlantic circulation
- Biome distribution

integration of
high-frequency noise
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Figure 3: Transport of the meridional overturning cell in the North Atlantic for different
numerical experiments involving moderate injections of freshwater at high latitudes.

(See also Figure 4.)
From Rahmstorf (1995).
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Figure 4: Patterns of convection in a numerical experiment with an ocean general cir-
culation model after the injection of a moderate amount of freshwater at high latitudes
during phases a, b, and c of the lower curve in Figure 3. The depth (km) of convection
in each grid cell is plotted as a vertical bar.

From Rahmstorf (1994).

n
-
o
I
w
-

Rahmstortf, 1994



Distribution of Biomes

specified according to present model climate

equibrium

from Claussen, 1994
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from Claussen, 1994



Figure 7. Intensity of the mass transport through the Drake Passage in a numerical
experiment with an ocean GCM forced with white-noise freshwater flux.
From Mikolajewicz and Maier-Reimer (1990).
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Figure 8: Spectrum of the variability represented in Figure 7. For comparison spectra
of red-noise processes (prue integrator and Markov process) are also shown. The flat
spectrum (dashed line) represents the driving white noise forcing.

From Mikolajewicz and Maier-Reimer (1990).
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Figure 13: Characteristic patterns of the dominant two modes in the LSG/ECHAM]1
T2! coupled run for zonally averaged zonal wind, temperature and vertical velocity.

From J. von Storch (1994).
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Observed 30-Year Trends: 1965-1994 [C/dec]
Data by Jones + Briffa
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« The analysis of the observational record
- the storm climate
- the wave climate

- Hindcast experiments with the WAM wave model

« Conclusions
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First two monthly mean air pressure anomaly distribution
identified in an Redundancy analysis as being most strongly
linked to simultaneous variations of intramonthly quantiles
of significant wave height at Brent (61°N, 1,5°E). The anomalies
of the quantiles at that position are listed in Table 1.1
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Reconstructed (continous line) and hin‘éasted (dashed
line; 1955-94) anomalies of 90% quantiles of significant
wave heights at "Brent" (61°N, 1,5°E). The straight lines
represent the trends fof-theJast-40-yeary in the hindcasted and

reconstruted data. Units: m.
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Conclusion

regional climate — f (planetary scale climate,
regional features)

1s a valid model.
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The role of local
processes for the global
climate

= a numerical experiment on the climatic
effect of large-scale changes of land-use

=> the concept of parameterizations
 the conventional approach; example
 the randomized approach; EBM demonstration
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Differences (current-natural) in vegetation parameters
used 1n the simulations. (upper left) Roughness length,
(upper right) albedo,(lower left) leaf area index, and
(lower right) fractional coverage. The sign of the chage is
shown as follows: dark grey is a decrease, white is
no change, and light grey 1s an increase in the parameter value.
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Summary

The results obtained so far are:

=> The storm climate in the near-coastal areas of
Northwest Europe has not systematically
worsened 1n the past century.
There 1s considerable natural variability on the
decadal time scale.

=> The statistics of significant wave height in the
Northwest Atlantic has undergone a steady
increase 1n the last 39 years.
Upper bound estimates are:2-3cm/year for the
50% and 3-4cm/year for the 90% anual
percentile.

— In a 2x CQO2 scenario, derired in a time-slice
mode with ECHAM T106, waves are found
to by larger of the order of 1-2m (both wind
sea and swell).
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