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1 Introduction

The Baltic Sea is one of the world’s largest brackish water sea areas with a to-
tal surface, excluding the Danish Straits, of 377,400 km? and a corresponding
volume of 21,200 kin® (Sjoberg, 1992). The mean water depth amounts to 56
m and the maximum depth to 451 m at Landsort Deep. The highly variable
bottom topography separates the water masses into various basins, delimited
by high sills or bays (Fig.1). These are, listed from North to South, Both-
nian Bay, Bothnian Sea, Aland Sea, Archipelago Sea, Gulf of Finland, Gulf of
Riga, Northwestern and Eastern Gotland Basin, Bornholm Basin and Arkona
Basin Immportant channels or sills of the inner Baltic are the Quark separating
Bothnian Bay and Bothnian Sea (sill depth of 25 m}, the Southern Quark
separating Bothnian Sea and Aland Sea (100 m), Stolpe or Slupsk Channel
separating Gotland and Bornholm Basin (sill depth of 60 m) and Bornholm
Channel separating Bornholm and Arkona Basin (40 m).

The water exchange between the Baltic Sea and the North Sea is restricted by
the narrows and sills of the Danish Straits. The width of the narrowest part of
the Sound, near Helsinggr-Helsingborg, amounts to approximately 4 km. The
Sound has a sill depth of only 8 m at its southern entrance at Drogden. Darss
Sill, having a depth of about 18 m, separates the Belt Sea from the Arkona
Basin.

The mean annual river discharge to the Baltic Sea was 15,310 m3 s~! for the
period 1950-1990 (Bergstrém and Carlsson, 1994). This inflow originates from
a huge drainage basin with a size of 1,729,000 km?. The river flow is highly
variable through the year and there are large inter-annual variations. The low-
est (11,132 m® s~! in 1976) and highest (18,660 m*® s™! in 1981) annual values
during 1950-1990 differ from the mean value by —27% and +22%, respectively.
The maximum recorded monthly average contribution was 32,411 m® s~! in
May 1966, and the lowest was 7,635 m® s~! in December 1959. Less important
but not negligible are surface freshwater fluxes (i.e., precipitation minus evap-
oration). For the period 1981-1994, Omstedt et al. (1997) calculated the total

mean atmospheric freshwater inflow to be 1,986 m3 s~

The restricted water exchange through the Danish Straits and the river runoff
into the Baltic Sea determine the stratification of the water masses into a
homogeneous upper layer and a stratified lower layer. In the pioneering work
of Knudsen (1899, 1900}, the steady state water exchange was described as
a two-layer flow with an outflow in the upper layer and inflow in the lower
layer. Transient states of this two-layer fjord-type estuary, in cases of small
perturbations, are discussed by Welander (1974).
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Figure 1. Bottom topography of the Baltic Sea including Kattegat and Skagerrak
(data from Seifert and Kayser, 1995).
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For the past 100 years, Baltic Sea stratification and ventilation of the bottom
water in deep sub-basins are affected mainly by large perturbations, so-called
major Baltic salt water inflows (Matthaus and Franck, 1992). These events
occur randomly during the winter season at intervals of one to several years.
They are most probable between November to January, but they occur also
in autumn and spring. Major salt water inflows are very likely to be forced
by a sequence of easterly winds lasting for 20-30 days followed by strong to
very strong westerly winds of similar duration (Lass and Matthius, 1996).
Matthaus and Schinke (1994) discussed mean large scale atmospheric circu-
lation patterns associated with major Baltic inflows between 1899 and 1976.
About two weeks before the start of the main inflow period, the Azores High
shifts to north-east and its pressure increases. At the same time, the center of
lowest pressure moves eastward from the Greenland-Icelandic area to northern
Norway, strengthening as it moves. Due to these movements, very strong pres-
sure gradients occur over the North Sea and the entrance area to the Baltic
Sea. Matthius and Schinke (1994) found the maximum gradients occurring
two days before and on the first day of the main inflow event.

Since the nid-1970's, the frequency and intensity of major inflows has de-
creased. They were completely absent between February 1983 and January
1993. During this phase a significant depletion of salt and oxygen occurred,
and an increase of hydrogen sulphide were observed in the deep layer of the
Gotland Basin. A major salt water inflow in January 1993 terminated this
exceptionally long stagnation period (Matthaus and Lass, 1995).

The mechanisms for the decreased frequency of major inflows are discussed
in the literature. Lass and Matthaus (1996) argued that the lack of major in-
flows was due to changes in the wind field over the North Sea and the Baltic
Sea. Recently, Schinke and Matthius (1998) and Matthdus and Schinke {1999)
found that variations in river runoff have a greater impact ou the occurrence
of major inflows than hitherto supposed. They concluded that increased zonal
circulation might result in intensified precipitation in the Baltic region and in-
creased river runoff. In addition, river regulation redistributes runoff over many
months and gives rise to higher values during autumn and winter. Increased
winter runoft (from September to March) seems to reduce the probability of
major Baltic inflows. It is also noteworthy that the decreased frequency of ma-
jor inflows coincides with changes in large scale circulation patterns, i.e., an
eastward shift in the position of the North Atlantic Oscillation (NAQ) centers
of inter-annual variability during the two last decades (Hilmer and Jung, 2000).
However, the mechanisms of salt water inflow variability are so far poorly un-
derstood.
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One of the aims of the Swedish Regional Climate Modeling Program (SWE-
CLIM) is to simulate long-term changes and natural variability of the Baltic
Sea (see Meier, 1999; Meier et al., 1999; Meier, 2000; Meier, 2001a, b; Haa-
pala et al., 2001; Meier, 2002a, b; Meier and Faxén, 2002; Meier et al., 2002).
The large variability of the forcing functions has alrecady been mentioned. The
longest time scale of the system is on the order of 30 years. Thus, to understand
the mechanisms of the present Baltic Sea climate, it is necessary to integrate
a coupled ice-ocean model for at least 100 years using realistic atmospheric
forcing, river runoff and sea level data in the Kattegat. Performing sensitivity
experiments it 1s aimed to answer the important question, why the frequency
and intensity of saltwater inflows during the past two decades have decreased.
However, whereas long records of river runoff and sea level data in the Katte-
gat are available, a realistic data set of atmospheric surface fields applicable to
force a coupled ice-ocean model of the Baltic Sea is missing. This report de-
scribes a method employed for reconstructing such atinospheric surface fields.
The focus of the reconstruction is on the ability to simulate major Baltic in-
flows of high saline water.

Three data sets with century long time-series are available: the sea level pres-
sure station data of Alexandersson et al. (2000), the land and sea temperature
fields of Jones (1994), and the land surface precipitation data of Huline (1992,
1994, 1998).

For the period 1970-2001, a gridded atmospheric data set has been developed
at the Swedish Meteorological and Hydrological Institute (SMHI} based on
three hourly observations of sea level pressure (SLP), 2 m air temperature,
2 m relative humidity, and total cloud cover. In addition, at 06 and 18UT(C
also 12 hourly accumulated precipitation is used. These observations cover the
period 1979-2001 only. Data from all available synoptic stations (about 700 to
800} covering the whole Baltic Sea drainage basin are interpolated on a 1° x 1°
regular horizontal grid. Thereby, a two-dimensional univariate optimum inter-
polation scheme is utilized.

The time scales of the long records are analyzed to identify time scales of max-
imal covariance between the predictor fields and the predictands. The predic-
tand fields for the period 1902-1998 are SLP, surface atinosphere temperature
(SAT), dew-point temperature, cloudiness, and precipitation on a 1° X 1° grid
for the latitude range 50°N to 70°N and for the longitude range 8°F to 38°F.
The reconstruction of the sea level pressure is based on daily mean data. All
other variables enter the calculation as monthly mean values. From the re-
constructed SLP geostrophic wind fields are calculated to force the Baltic Sea
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model utilizing a boundary layer parameterization to calculate wind speeds in
10 m height (Bumke et al., 1998). It has been shown earlier that applying such
wind fields result in realistic mixing conditions (Meier, 2001b) and in realistic
sea level variability and sea level means (Meier et al., 2002).

2 Data handling

21 SLP stations are available {Alexandersson et al., 2000) with three values per
day, normally recorded at 06, 12, and 18 UTC. For some stations the recorded
times shifted from 07, 13, and 20 UTC to the previous mentioned times. Daily
means are calculated for the three values per day. If there are missing values,
the remaining data are used for the calculation of the daily mean. We are aware
that the construction of daily mean values reduces the day-to-day variability,
but for the application in mind, the variability for time scales longer than a
day is more important than the day-to-day variability. 3 of the 21 stations are
skipped because there are too many missing values during the selected time
period 1902-1998. The criterion to sort out a station is that there are not more
than 200 missing values within one season. We defined the winter season from
November to January {and the other seasons correspondingly) because most
of the major Baltic inflow events occur during this time. At stations with less
than 200 missing values, missing values are replaced by the long term monthly
mean daily value. The selected stations are Stykkisholmur (Iceland), Valentia
(Ireland), Torshavn (Faeroer Islands), Aberdeen (Great Britain), Bergen {(Nor-
way), de Bilt {Netherlands), Oksdy (Norway), Vestervig (Denmark), Nordby
(Denmark), Bodé (Norway), Goteborg (Sweden), Lund (Sweden), Hérndsand
(Sweden), Stockholm (Sweden), Haparanda (Sweden), Visby (Sweden), Ka-
jaani (Finland), and Helsingfors (Finland). Here, the stations are roughly or-
dered from west to east, which is also the way they are displayed in following
plots.

Whereas the SLP data are employed on the daily time scales, the second and
third predictor fields are only available as monthly mean values. The SAT
anomalies of Jones (1994) are available between 1856 and 1998 on a 5° x 5°
grid-box basis. A grid box is considered, if there are less than 50 missing values
between 1902 and 1998. Missing values are replaced by the long term monthly
mean value. Data are used from the latitude range 40°N to 70°N and from
the longitude range 10°W to 40°F.

The monthly precipitation data from Hulme (1992) cover only land areas be-
tween 1900 and 1998 with a resolution of 2.5° in latitude and 3.75° in longitude.
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A grid box is considered, if there are less than 80 missing values between 1902
and 1998. Missing values are replaced by the long term mean value. Data are
used from the latitude range 45°N to 70°/N and from the longitude range 10°W
to 40°F.

The years 1980 to 1998 are selected to be the "learning” period of the statisti-
cal model. The period 1970 to 1979 is not taken into account for the building
of the model to allow a validation. As already mentioned, the sea level pressure
data are reconstructed with the help of daily data. The reconstruction is per-
formed for every season separately to allow for different prediction patterns in
each season. All other predictands are reconstructed with monthly data. Here,
no separation of the seasons has been performed because of the limited degrees
of freedom.

3 Statistical model

A statistical model is used based on a Redundancy Analysis (Tyler, 1982; von
Storch and Zwiers, 1999).

3.1 Redundancy Analysis

The optimization of the link between the predictor and the predictand is non-
symmetric because the objective is to maximize the variance of the predic-
tand that can be represented. Properties of the predictor patterus, such as
the amount of variance they represent, are irrelevant to the problem. The re-
dundancy analysis technique directly addresses this problem by identifying
patterns that are strongly linked through a regression model. Patterns are se-
lected by maximizing predictand variance. This technique was developed in

the early 1970s by Tyler [1982].

The dimension of the predictor X is my and the dimension of the predictand
Y is my. Let us assume that there is a linear operator represented by a mx X k
matrix @ !. The regression model that relates QI X is given by

Y = RQTX) +¢, (1)

'The number of columns (patterns} k in @, is normally much smaller than the ditnension
of X. Thus, the phase space of X is reduced by the operator QT, i.e. only a few patterns
are taken into account for the regression.
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where R is the my X k matrix of regression coefficients. The variance rep-
resented by (QTX) is maximized if R = Yyox(Toxox)”!, where Yyox =
Cov(Y,QTX) = TyxQr and Zoxox = QT TxxQs. Tyler called the pro-
portion of variance, represented by the regression, the redundancy index and
labeled it

o~

tr(Cov(Y,Y) — Cov(Y —Y,¥Y —Y))

RY(Y T X) = L
¥ Q) tr(Cov(Y,Y))

(2)

where Y is the estimated value of ¥. RY(Y - Q{X: ) is a measure how redundant
the information in ¥ is, if only the information provided by X is known.
The redundancy index is invariant to orthogonal transformations of V: if A
is orthogonal, then R*(AY : Q{f) — R*(Y : QTX), i.e. the index does not
depend on the basis of V. Any squared non-singular matrix @, to transform
X has also no effect on the redundancy index: R*(Y : Q7 X) = R¥Y : X).
However, if Q4 maps X onto a k-dimensional subspace Rz(}}' : Q{X) < Rz(}; :
X ). The task is to identify a matrix B which maximizes R* Tyler showed that
there exists a orthogonal transformation A and a non-singular transformation
B such that

Cow(B"X B"X) =1 (3
Cov(ATY ,BTX)=D (4

N N

where D is a diagonal my x mx matrix with elements d;; = /; for j <
min(my,my). Further, Tyler showed that the redundancy index R*(Y : QT X)
is maximized by setting Qp = By, where By, is the mx X k matrix that contains
the k eipenvectors that correspond to the k largest eigenvalues. Equ. 3 and 4
can be rewritten in the form

nyz;(fxzxyaj == AJJJ (5)

S Sxy Syxb; = Ab;. (6)

X can be expanded in the usual manner
mx B
X =Y (X")p;, (7)
i=1
whereﬁthe adjoint patterns P = (py|... |Pmy) are given by PT = B! The
part Y of ¥ that can be represented by X can be expanded as

k

-~ -~

Y= Z(f a;)d; (8)
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(Note that A is self-adjoint because A is orthogonal.). The expansion coefficient

for ¥ can be rewritten

T -
Y @ =/NXTh;. (9)

It is convenient to apply an empirical orthogonal function (EOF) analysis prior
to the redundancy analysis. Then, £y y and Zyy are identity matrices and the
computational effort is reduced considerably. A disadvantage is that the pre-
dictor variance is reintroduced implicitly.

3.2 Reconstructing the data

P; are the patterns of the predictor X which describe maximal variance of the
predictand Y. The predictand is reconstructed with the help of equ. 9. The
reconstruction reads

k
}/'rec = Z V )\J(XTbJ)a’T? (10)
j=1

For example, if X is given for 100 years, equ. 10 allows us to reconstruct Y for
100 years.

4 Reconstruction

4.1 Sea Level pressure

The method is demonstrated for winter (November-January). Before describ-
ing the predictand and predictor patterns the corresponding time series are
depicted in Figure 2 for the first five leading modes. The correlation coef-
ficients between the predictor and predictand time series for the ”learning”
period are 0.995, 0.971, 0.814, 0.371, 0.050. The black line shows the projec-
tion )_(.Tbj for the period 11/1902 to 1/1998 and the red line the projection
Y Ta; for the period 11/1970 to 1/1998. The statistical model is tested by com-
paring the projections X Tp; and ?Taj outside the fitting period (11/1980 to
1/1998). The skill of the model can be estimated by comparing the black and
the red curves. It is concluded that the first four modes have a reasonable high
skill. Therefore, they are taken into account for the reconstruction.
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Figure 2: The time series for the first five redundancy modes of the SLP recon-
struction in winter. The black line shows the projection )?Tbj for 11/1902
to 1/1998. The red line is the projection ¥7a; for the period 11/1970 to
1/1998 where model forcing data exists. The fitting period 11/1980 to 1/1998
is marked by a gray box.

Figure 3 depicts the first redundancy mode. The predictand SLP pattern de-
scribes 72% of the variance. The sea level pressure shows an anomaly cen-
tered over the northern Baltic Sea with strongest gradients over the Skagerrak-
Kattegat. The second redundancy mode (Fig. 4) depicts a dipole with centers
over northern Scandinavia and northern Germany. The gridded SLP pattern
explains 14% of the variance. The next two modes describe 10% and 3% of the
variance, respectively. The redundancy modes of the other seasons are similar
to the winter season and will not be described in detail.

Figure 5 shows the explained variances of the statistical model for the fitting
and validation periods for all seasons. In all seasons, explained variances be-
tween 90 to 100% are achieved over the Baltic Sea in both, the ”learning” and
the validation period. Lower values are obtained in the south-eastern area of
the gridded data, 1.e., in regions where no station data exists.

Matthaus and Schinke (1994) argued that the salt water inflows are connected

9
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Figure 3: The first redundancy mode. The upper picture shows the station
sea level pressure [hPa). The lower panels shows the sea level pressure on the
SMHI grid [hPad].

with shifts of the Azores High to north-east two weeks prior to an inflow
event. At the same time, the center of lowest pressure moves eastward from the
Greenland-Icelandic area to northern Norway. Fig. 6 reveals the cross-spectra
of the first and second redundancy mode for winter of the SLP recoustruction.
The first and second mode are significantly coherent on time scales of about
15 to 20 days, where the second node leads the first by a phase of 90°, 1.e.,
the first and second mode describe a propagation of the anomaly described
by mode 2 to the anomaly described by mode 1. This does not prove that
the reconstruction is able to follow the mechanism described by Matthaus and
Schinke (1994}, but proves that propagations with consistent time scales are

10



Kauker and Meier: Reconstructing atmospheric forcing 1902-1998

wlivgedia

L U T U O I B B B O |

S EC SN RGNS

e — o

A . . 1= [hPa]

[ 1 T T
8E 13 E 18 E 23 E 20 E 3E 38 E

Figure 4: The second redundancy mode. The upper picture shows the station

sea level pressure [RPa). The lower panels shows the sea level pressure on the
SMHI grid [hPal.

captured by the reconstruction. However, preliminary model results suggest
that simulations with the reconstructed surface data are capable to describe
salt water events. Also changes of the statistics of such events (higher proba-
bility in the 1950s and 1960s compared to the 1980s and 1990s) are reproduced
by the model system.

Over the 100 years of reconstructed data no obvious change in the variance of
the time series is observed, although it is is documented that the activity of salt
water inflows was highest in the 1950s and 1960s and dramatically reduced in
the 1980s and 1990s. However, we found a dominant trend in the data. Figure

11
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Figure 5: The explained variances of the statistical model for the sea level

pressure reconstruction.

7 depicts the mean SLP for the fitting period and the trend for 100 years for all
seasons. In winter and spring strong trends are obtained. Compared with the
mean state in the 1980s and 1990s the trend in winter reveals a less pronounced
zonal geostrophic wind in the mean state in the 1950s and 1960s in winter. In

12
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relation. Bottom: The squared coherency. A chunk length of 200 days is used
to estimate the significance.

spring the zonal geostrophic wind was higher in the 1950s and 1960s than in the
1980s and 1980s which may identify a shift in the seasons during the 100 years.

13
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Figure 7: The mean SLP [RPa) in the fitting period and the trend for 100 years
of the SLP reconstruction for all seasons.
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Figure 8: The time series for the first five redundancy modes of the SAT re-
construction. The black line shows the projection X Th; for 1/1902 to 12/1998.
The red line is the projection Y7a; for the period 1/1970 to 12/1998 where
model forcing data exists. The fitting period 1/1980 to 12/1998 is marked by
a gray box.

The data from Jones (1994) are used as predictor fields for the SAT. Monthly
mean values are employed. The reconstructed time series of the first five lead-
ing modes is shown in Figure 8. The correlations in the "learning” period are
0.996, 0.983, 0.960, 0.857, 0.649. The black line shows the projection XTbj for
1/1902 to 12/1998 and the red line the projection ¥7a; for the period 1/1970
to 12/1998. The statistical model is tested by comparing the projections X Th;
and }—}Taj in the validation period. The skill of all five modes is sufficiently
high in the validation period. Therefore, all five imnodes are taken into account
for the reconstruction.

The first two redundancy modes are shown in Figure 9 and 10, respectively.
The first five predictand fields describe 73%, 16%, 7%, 2%, and 2% of the
variance. For this application the statistical model reduces to a kind of inter-
polation. The coarse resolution data from Jones (1994) are interpolated with

15
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Figure 10: The second redundancy mode of the SAT reconstruction. The left
picture shows SAT data [°C] from Jones (1994). White areas indicate missing
values. The predictand field is shown on the right side.

the help of the covariance of the finer resolution predictand field. The predictor
field of the first mode shows almost no amplitndes over the northern Baltic,
whereas the predictand field has a very pronounced gradient over the northern
Baltic.

The skill of the reconstruction is higher than 0.9 in huge areas of the predic-
tand field (Fig. 11). Slightly lower skill is achieved in the western Baltic Sea

compared to the eastern Baltic Sea.

We found also a pronounced trend for the SAT (Fig.12). The trend is visible

16
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Figure 11: The explained variances for the SAT reconstruction in the fitting
period (left) and the validation period (right).
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Figure 12: The trend [°C] for 100 years for the predictor (left) and the predic-
tand (right).

in the predictor and predictand fields but is slightly shifted in the predictand.
The trend amounts up to 1.8°C.

4.3 Relative humidity versus dew-point temperature

For the calculation of the surface fluxes of the Baltic Sea model relative humid-
ity is needed. A prioriit is not obwious, which of the three predictor fields used
18 appropriate for the reconstruction. All three predictor field are emnployed as
well as a combination of the three fields: A predictor field is constructed by
appending the three predictor fields weighted with their standard deviation.
No reasonable high skill is obtained for the relative humidity reconstruction.
Therefore, the dew-point temperature is calculated from the relative humidity

17



Kauker and Meier: Reconstructing atmospheric forcing 1902-1998

Ahoma

Ao R

b Rom A

Ao n s

A omna

1926 1950 1974 1998

-
w0
<
R

Figure 13: The time series for the first five redundancy modes of the dew-
point temperature reconstruction. The black line shows the projection X b
for 1/1902 to 12/1998. The red line is the projection }7Ta3- for the period
1/1970 to 12/1998 where model forcing data exists. The fitting period 1/1980
to 12/1998 is marked by a gray box.

and employed as the predictand field. The reconstruction with the combination
of all three predictor fields yields the highest skill. Using the SAT data from
Jones (1994), the skill is only slightly lower. Therefore, the statistical model
with the SAT as predictor is presented here and used as model forcing to keep
things as simple as possible.

Again, the times series of the first five leading modes are depicted in Figure 13.
The correlations in the ”learning” period are 0.983, 0.939, 0.922, 0.765, 0.507.
All five modes are used for the reconstruction. The first two modes are given
in Figures 14 and 15. The patterns are very similar to the corresponding SAT
reconstruction patterns. The explained variances are lower than for the SAT
reconstruction but still reasonable high (Fig.16).

It should be mentioned here, that the model uses the relative humidity which
is calculated from the dew-point temperature and the SAT. Error propagation
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Figure 14: The first redundancy mode of the dew-point temperature recon-
struction. The left picture shows the SAT data [°C| from Jones {1994). White
areas indicate missing values. The predictand field is shown on the right side.
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Figure 15: The second redundancy mode of the dew-point temperature recon-
struction. The left picture shows the SAT data [°C] from Jones (1994). White
areas indicate missing values. The predictand field is shown on the right side.

suggests that the error of the relative humidity might be much higher than the
error of the dew-point temperature.
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Figure 16: The explained variances for the dew-point temperature reconstruc-
tion in the fitting period (left) and the validation period (right).
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4.4 Precipitation
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Figure 17: The time series for the first five redundancy modes of the precipi-
tation reconstruction. The black line shows the projection XTbj for 1/1902
to 12/1998. The red line is the projection YTa; for the period 1/1979 to
12/1998 where model forcing data exists. The fitting period 1/1980 to 12/1998
is marked by a gray box.

The data set from Hulme (1992} is used for the reconstruction of precipitation.
The predictand data set exists ouly from 1979 to 1998. Therefore, a validation
of the statistical model is not possible. The time series of the first five months
are given in Figure 17. Within the "learning” period, the first seven modes
have correlations higher than 0.8 and are taken into account. The first two
redunndancy modes are depicted in Figures 18 and 19. The predictand pat-
terns describe 35%, 23%, 11%, 7%, 5%, 3%, and 2% of the variance. There
is a remarkable resemblance between the predictor and predictand field. This
may give some coufidence to the recoustruction although it could not be tested
with independent data. The explained variances of the reconstruction for the
"learning” period aud for one year of independent data, i.e. 1979, is shown 11
Figure 20. The explained variances are about 60% in the fittiug period. For the
one year of independent data a skill of about 70% can be found over almost
the whole Baltic with the exception of the northern part.
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Figure 18: The first redundancy mode of the precipitation reconstruction. The
left picture shows data [mm/month| from Hulme (1992). White areas indicate
missing values. The predictand field is shown on the right side.
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Figure 19: The second redundancy mode of the precipitation reconstruction.
The left picture shows data [mm/month] from Hulme (1992). White areas
indicate missing values. The predictand field is shown on the right side.
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Figure 20: The explained variances for the precipitation reconstruction in the
fitting period (left) and for 1979 (right).
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4.5 Cloud cover
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Figure 21: The time series for the first five redundancy modes of the cloud
cover reconstruction. The black line shows the projection )szj for 1/1902
to 12/1998. The red line is the projection E;Taj for the period 1/1970 to
12/1998 where model forcing data exists. The fitting period 1/1980 to 12/1998
is marked by a gray box.

The data from Hulme (1992) give the highest skill for the reconstruction of
the cloud cover. The time series of the first five leading modes are depicted in
Figure 21. The correlations in the "learning” period are smaller than for the
other variables but still sufliciently high, i.e. 0.819, 0.766, 0.761, 0.613, 0.466.
Seven modes are taken into account for the reconstruction with a correlation
greater than 0.5 for the validation period.

The predictand fields explain 44%, 18%, 14%, 6%, 5%, 4%, and 2% of the
variauce. The first two predictor fields resemmble the first two predictor fields
of the precipitation reconstruction (Fig. 22 and 23). The explained variances
are shown in Figure 24. The skill is rather poor. In Figure 25, the explained
variance is shown for 7 month running-meaun filtered data for the validation
period. The statistical model has a higher skill on longer than monthly time
scales.
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Figure 22: The first redundancy mode of the cloud cover reconstruction. The
left picture shows precipitation data [rnm/month| from Hulme (1992). White
areas indicate missing values. The predictand field is shown on the right side.
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Figure 23: The second redundancy mode of the cloud cover reconstruction. The
left picture shows precipitation data [mm/month| from Hulme {1992). White
areas indicate missing values. The predictand field is shown on the right side.
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Figure 24: The explained variances for the cloud cover reconstruction in the
fitting period (left) and the validation period (right).

Figure 25: The explained variances for the cloud cover reconstruction in the
the validation period for data filtered with a running mean of 7 month.
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5 Summary

A technique is presented to allow for the reconstruction of homogeneous atmo-
spheric surface fields for the past 100 years. SLP is reconstructed on the basis
of daily data. The skill of the reconstruction is high to very high. Although
the degrees of freedom of the reconstructed data is low (four degrees of free-
dom per season) an analysis reveals propagations in the SLP field. Finally, the
model simulations will show if the essential variability is restored by the SLP
reconstruction.

The reconstructions of the other surface fields are based on monthly values.
SAT and dew-point temperature reconstructions give high skills. As relative
humidity is employed by the Baltic Sea model, the skill of the relative hu-
midity may be lower than the skill of the dew-point temperature. Evaporation
simulated by the Baltic Sea model will show the quality of the dew-point tem-
perature reconstruction,

The skill of the precipitation reconstruction can not be tested due to the lack
of data. However, the similarity of the redundancy patterns gives some confi-
dence to the reconstruction. We found the lowest skill of all variables for cloud
cover. The long-term variability has a higher skill than the month-to-month
variability.
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