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Preface

GEWEX� the Global Energy and Water Cycle Experiment� is an essential element of the World
Climate Research Programme �WCRP�� Five continental�scale experiments are being conducted
within GEWEX� the Baltic Sea Experiment �BALTEX� is one of them� Its scienti�c objectives
include comprehensive determination of the energy and water budgets of the BALTEX area�
The components of the atmospheric branch of the hydrological cycle are the key elements to
be investigated� Special observing campaigns for gaining basic data sets are being conducted
within BALTEX� The �rst of these has been the Pilot Study for Intensive Data Collection and
Analysis of Precipitation �PIDCAP� which covered the period from August through November
	

��

Immediately following the �eld phase of PIDCAP� Rubel �	

�� published the PIDCAP
Quick Look Precipitation Atlas� based upon the data of about 	 


 routine SYNOP stations
available� This atlas gave an account of the spatial precipitation �elds during each day of
PIDCAP� together with the preliminary overview of the Weather Patterns and Selected Precip�
itation Records in the PIDCAP Period� August to November ���� �Isemer 	

�� it served as a
background for the detailed study of meteorological and hydrological processes�

The present atlas based upon an order of magnitude more surface data than the previous one�
plus quality check and correction of measurements is the �nal evaluation of the daily precipitation
during PIDCAP� it represents a key contribution of the convection group at the University of
Vienna that has joined the BALTEX community within the research projectNumerical Studies of
the Energy and Water Cycle of the Baltic Region �NEWBALTIC�� The present atlas is intended
to become the observational reference for the BALTEX community as far as daily precipitation
over the Baltic Sea catchment during summer�fall 	

� is concerned� The software used for
producing the present atlas is now routinely running� Thus the upcoming �eld phase of BALTEX
can bene�t from applying the same high quality analysis as presented here with minimum time
delay�

Michael Hantel
Principal Investigator IMG

NEWBALTIC
University of Vienna
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Summary

PIDCAP is the BALTEX Pilot Study for Intensive Data Collection and Analysis of Precipitation
in the Baltic Sea drainage basin� For the �rst time in 	

� a quick look atlas was compiled for the
PIDCAP period of August to November 	

�� Routinely GTS transmitted synoptic data only
have been used �Rubel 	

��� Now� the �nal version of the precipitation atlas� completed with
data collected by the BALTEX Meteorological Data Centre� is presented� The used data base
consists of more than � 


 locations of daily precipitation observations within the catchment of
the Baltic Sea� This is ten times more data than in the former data base� The raw data have
been quality checked and corrected for systematic measurement errors before they are taken as
input in a statistical analysis scheme calculating areally averaged precipitation� The analysis
was done with Ordinary Block Kriging� the grid is identical with the one used by the mesoscale
numerical weather prediction model REMO �resolution� 	� km��

The main part of the atlas shows 
� daily precipitation �elds within the Baltic Sea drainage
basin for the period 	 August to �	 October 	

�� For each precipitation �eld an error �eld was
calculated� but because of their similarity only presented for one date� The typical analysis error�
given in relation of the variance of the observations� is lower than 	
 � over wide land areas�
but exceeds �
 � over some parts of the open sea� Further� both �elds of monthly precipitation
sums and time series of daily freshwater input into the entire Baltic Sea catchment are shown�
The corresponding numbers� the basis of model veri�cations� are given for the whole catchment
as well as for land�sea grid areas separately� Monthly areally averaged precipitation values
are �
 ��	���� mm in August� �� �����
� mm in September and �	 ������� mm in October
	

�� Further� this atlas contains a couple of comparisons with earlier analyses as well as with
predictions from models �REMO� HIRLAM�� demonstrating possibilities and limitations with
using the precipitation analysis in model veri�cations�

Additionally to the printed �elds� the gridded precipitation data as well as the corresponding
error �les are accessible for the BALTEX community �available from the BMDC��



PIDCAP � Ground Truth Precipitation Atlas v

Zusammenfassung

PIDCAP ist die Pilotstudie f�ur intensive Datensammlung und Analyse von Niederschlag im
Einzugsgebiet der Ostsee und Teil von BALTEX �Baltic Sea Experiment�� F�ur die PIDCAP
Periode August bis November 	

� wurde erstmals 	

� ein �Ubersichtsatlas erstellt� der aus�
schlie�lich auf routinem�a�ig via GTS �ubertragenen SYNOP Daten basierte �Rubel 	

��� Nun
liegt der endg�ultige Niederschlagsatlas� erg�anzt mit den Daten des BALTEX Meteorological Data
Centres� vor� Dieser Datensatz beinhaltet mehr als � 


 Stationen mit t�aglichen Niederschlags�
beobachtungen im Einzugsgebiet der Ostsee� Gegen�uber dem fr�uher verwendeten Datensatz ist
das eine 	
 mal h�ohere Datendichte� Die Rohdaten wurden einer Qualit�atskontrolle unterzogen
sowie der systematische Me�fehler korrigiert� Aus den so aufbereiteten Beobachtungen wurden
danach mit einem statistischen Analyseverfahren �Ordinary Block Kriging� Fl�achenniederschl�age
auf dem Gitter des mesoskaligen Numerischen Wettervorhersage Modells REMO �Au��osung� 	�
km� erstellt�

Der Hauptteil des vorliegenden Atlas beinhaltet 
� Felder t�aglichen Niederschlags im Einzugs�
gebiet der Ostsee �	 August bis �	 Oktober 	

��� F�ur jedes Niederschlagsfeld ist auch ein Fehler�
feld verf�ugbar� Der typische Analysefehler� angegeben als relative Varianz der Beobachtungen�
ist �uber weiten Landteilen kleiner als 	
 �� �uber der o�enen Ostsee aber teilweise gr�o�er als �

�� Weiters sind die Monatsfelder sowie Zeitreihen des mittleren t�aglichen Frischwassereintrages
in das Einzugsgebiet dargestellt� Die entsprechenden Zahlenwerte sind f�ur das gesamte Einzugs�
gebiet� sowie f�ur Land�Wasser��achen getrennt angegeben und bilden die Basis f�ur Modell�
veri�kationen� Die Monatswerte des Fl�achenniederschlages betragen �
 ��	���� mm im August�
�� �����
� mm im September und �	 ������� mm im Oktober 	

�� Der Atlas gibt auch einen
Vergleich mit fr�uheren Analysen und zeigt anhand einzelner Prognosefelder �REMO� HIRLAM�
die M�oglichkeiten und Grenzen der Verwendung von Niederschlagsanalysen zur Modellveri�kation
auf�

Zus�atzlich zu den gedruckten Feldern werden der BALTEX�Gemeinschaft auch die Gitter�
daten� sowohl des Niederschlags als auch des zugeh�origen Fehlers� zur Verf�ugung gestellt �er�
h�altlich vom BMDC��
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Acronyms

BALTEX BALTic Sea EXperiment
BMDC BALTEX Meteorological Data Centre
DIAMOD DIAgnostic MODel
DM Deutschland Modell
DWD Deutscher WetterDienst
ECMWF European Centre for Medium Range Weather Forecasts
EM Europa Modell
GEWEX Global Energy and Water Cycle EXperiment
GTS Gobal Telecommunication System
HIRLAM HIgh Resolution Limited Area Model
IMG Institute of Meteorology and Geophysics� University of Vienna
NEWBALTIC Numerical Studies of the Energy and Water Cycle of the BALTIC Region
NWP Numerical Weather Prediction
PIDCAP Pilot Study for Intensive Data Collection and Analysis of Precipitation
REMO REgional MOdel
SYNOP SYNOPtic Observations
UTC Universal Time Coordinated
WCRP World Climate Research Programme
WMO World Meteorological Organisation
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� INTRODUCTION

BALTEX �Bengtsson 	

�� Raschke et al� 	

��� a continental�scale experiment covering the
Baltic Sea and its drainage basin� is the European contribution to GEWEX� Within BALTEX�
the project NEWBALTIC �Numerical Studies of the Energy and Water Cycle of the Baltic
Region� focuses� among others� upon the water budget components of the region �extension�
	 ��	 �

 km� or 	�� of Europe�� The motivation to compile this precipitation atlas was the
need for a high resolution ground truth for purpose of mesoscale NWP model veri�cation�
In addition the areally averaged precipitation is taken to de�ne the freshwater input into the
drainage basin of the Baltic Sea�

The precipitation �elds presented here are valid for PIDCAP �Pilot Study for Intensive Data
Collection and Analysis of Precipitation�� carried out from August to November 	

�� PIDCAP
was de�ned 	

� �Isemer 	

�a� and only a few month later the �rst overview of precipitation
events was presented in the PIDCAP Quick Look Precipitation Atlas �Rubel 	

�a�� For this
atlas� measurements located at approximately 	 


 sites ��

 within the catchment� of the
synoptic network have been analyzed� These raw observations have not been quality checked
nor corrected for measurement errors� Corresponding to the relatively low density of the synoptic
rain gauges� the analysis grid from the German EM� having a horizontal resolution of �� km�
was taken� As the extended database collected by the BMDC �BALTEX Meteorological Data
Centre� was available� these database �� 


 gauges� 	
�times denser than the synoptic network�
was used� The raw data have been analyzed in a preliminary form to provide the community
with mesoscale precipitation �elds for model veri�cation �Rubel 	

�b� Yang et al� 	

���

Now� the improved analysis based on quality checked� corrected rain gauges is completed and
presented here� Because of the high data density available� it was possible to re�ne the analysis
grid� the grid of REMO �	� km resolution� is used� A correction according to the Manual for
Operational Correction of Nordic Precipitation Data �F�rland et al� 	

�� was implemented
to eliminate the systematical underestimation of the gauge measurements� It considers wind�
induced errors as well as wetting and evaporation losses� depending on the various types of rain
gauges collected during PIDCAP �Rubel and Hantel 	

�a�� In opposite to changes in the data
base and the resolution of the grid� the statistical analysis method has been adopted unchanged�
As in former analysis� ordinary block kriging was used to estimate the areally averaged pre�
cipitation� The detailed description of the method� including numerical implementation� can
therefore be taken from the PIDCAP Quick Look Precipitation Atlas �Rubel 	

��� This linear
statistical interpolation method has some advantages compared to other methods �e�g� Cre�
utin and Obled 	
���� is recommended by the WMO �Sevruk 	

�� and is applied by many
authors �e�g� Sch�onwiese and Rapp 	

��� Nevertheless� it should be noted here that the linear
technique does not take into account the principal non�Gaussian probability density function of
precipitation� this property is particularly pronounced in precipitation records valid for short
time intervals� And� it should not be forgotten that the best analysis method cannot replace
real observations�

Additionally to the daily �elds� the monthly precipitation distribution for the PIDCAP
month August� September and October 	

� was estimated� Further� to demonstrate the relia�
bility of the present analysis for the veri�cation of NWP models� examples from forecasts from
REMO �running at GKS Research Centre� Geesthacht and Max�Planck�Institut for Meteorology�
Hamburg� and from HIRLAM �running at the Danish Meteorological Institute� Copenhagen�
are plotted against the analysis� Although no statistical model veri�cation has been made� a
quick visual comparison shows good agreement�
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� MODEL DOMAIN AND DATA

Fig� 	� left shows the model domain with the grid of REMO �Regional Model� used in the project
NEWBALTIC� The grid is a rotated latitude�longitude grid �DWD 	

�� with the position of
the north pole at 	�
� W and ����� N ��	�
��������� The lower left corner of the BALTEX
grid has the rotated coordinate �����	��� the upper right corner 	���	��� The grid spacing in
zonal and meridional direction is set to 	���� which corresponds to a grid distance of about 	�
km� Therefore� the dimension of the whole grid is set to 	�	�	�	 grid points representing the
surrounding grid area of 	� �	� km for which the areally averaged precipitation is analyzed� The
analysis was performed for only 
	�	�� grid points� starting at grid point ������ covering the
region of the Baltic Sea drainage basin� This restriction was necessary� because the data density
outside the drainage basin was much too low with respect to the resolution of the analysis grid�
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Figure � BALTEX model domain with the high resolution grid of the regional model REMO �left� and
the locations of the available rain gauges �right�� The boundary of the Baltic Sea drainage
basin is marked by a solid line�

The data base used for the analysis is shown in Fig� 	� right� The rain gauge data of about
� 


 sites� mainly within the drainage basin� have been collected by the BMDC �Lehmann et
al� 	

�� Isemer 	

��� This data set was completed by rain gauge� wind and temperature
observations from the synoptic network� which are routinely available via GTS�
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� QUALITY CHECK OF RAIN GAUGE DATA

The task of an automatic quality check of rain gauge data has not been solved completely un�
til now� Therefore the data used in this study have been checked for transmission errors and
unrealistic high values have been fragged automatically� The �nal quality check was then done
interactively by viewing analyzed �elds� Beside the automatically cancelled observations� only
two observations had to be corrected subjectively� because they are not representative for the
scale of the analysis� These are the stations with number�

sn�������	
 �date� �� August �		�
 � � 

����
 � � ������
 Z����� mm�day
 Zcor���� mm�day�

�
��� �date� 	 September �		�
 � � �
����
 � � ����
�
 Z������ mm�day
 Zcor������ mm�day�

The above precipitation values have been set to a lower value� even it might be that the obser�
vations are true� This guarantees undisturbed �eld structures�

� CORRECTION OF RAIN GAUGE DATA

There is a general agreement in the meteorological and the hydrological community that the
systematic underrepresentation of the raw rain gauge measurements has to be corrected before
they are taken to verify NWP models or to estimate the freshwater input into drainage basins�
The underobservation is mainly caused by wind �eld deformation above the gauge ori�ce ���	

� for liquid and 	
��
 � for solid precipitation�� losses from wetting on internal walls ���	
 ��
and losses due to evaporation �
�� �� and is well documented in various WMO reports �Sevruk
	
��� Sevruk 	
��� Goodison 	

���

To correct the rain gauges in the BALTEX model domain �Fig� 	� the Dynamic Correction
Model proposed in theManual for Operational Correction of Nordic Precipitation Data �F�rland
et al� 	

�� was adopted� It takes instrument speci�c properties into account� these comprise
the gauge types HELLMANN UNSHIELDED �used in Denmark� Germany and Poland�� SMHI
NIPHER SHIELDED �Sweden� Norway�� TRETJAKOV SHIELDED �Belarus� Estonia� Latvia�
Lithuania and Russia� and H�H�

 TRETJAKOV SHIELDED �Finland�� The objectively
analyzed precipitation �elds� based on corrected measurements� are systematically higher than
the uncorrected �elds� The corresponding increase of the freshwater input into the catchment
of the Baltic Sea is ��� � in August� ��
 � in September and ��� � in October 	

� �Rubel and
Hantel 	

���

Figure � Page ��� Objectively analyzed precipitation �eld for �� August ���	
 ����� UTC
 accumulated from
�� August
 ����� UTC to �� August
 ����� UTC� Units in mm
day�

Figure � Page ��� Interpolation error
 normalized with respect to the kriging variance
 of the objectively
analyzed precipitation �eld for �� August ���	
 ����� UTC�
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� DAILY PRECIPITATION FIELDS

This is the main chapter of the PIDCAP Ground Truth Precipitation Atlas� containing three
month of daily gridded precipitation �elds� For the fourth month of PIDCAP� November 	

�� no
extended data base was available� In Fig� � an example of an objectively analyzed precipitation
�eld is given� The �eld is dated with the end of the accumulation period� That means� the
precipitation �eld labelde �� August 	

�� 
��

 UTC contains values accumulated from ��
August� 
��

 UTC to �� August� 
��

 UTC� This di�ers from the labeling convention applied
by some other working groups� but is in accord with the characterization of the SYNOP data�
The data set used was merged from data collected by the BMDC and data transmitted routinely
via GTS �see Fig� 	�� According to the characteristics of rain events� the scaling of the contour
lines in the precipitation plots are de�ned by powers of base �� starting with �� for values � 	
mm�day� and ending with �� for values � 	�� mm�day� Fig� � shows the corresponding kriging
variance for the �� August 	

�� which can be interpreted as the normalized interpolation
error� Note� that for each precipitation �eld an error �eld is available� This makes it possible�
that e�g� for validation purposes� only grid areas with an analysis error above some speci�ed
threshold could be selected� This tool is recommended for model validation studies� Detailed
descriptions of the analysis method �ordinary block kriging� can be found in the PIDCAP Quick
Look Precipitation Atlas �Rubel 	

���

Fig� � shows the three months of daily precipitation �elds analyzed from corrected rain
gauges� Two periods with pronounced precipitation events within the Baltic Sea drainage basin
are found �see also Fig�s �� ��� These are�

� �� August to 
 September
 ���
� Heavy precipitation over the whole Baltic region was
caused by a cyclone moving from the North Sea over Sweden to the North Cap� followed
from � cyclones moving northwards from their developing region near the Black Sea�

� �	 September to � October
 ���
� Two frontal systems moved across the BALTEX
region from west to east� The structure of these systems was well represented by the
corresponding precipitation �eld�

Beside these periods� several other periods are proposed in the PIDCAP Quick Look Precipitation
Atlas� a descriptions of weather situations during PIDCAP is also available �Isemer 	

���

Figure � Page �� � 	� Objectively analyzed precipitation �elds for the period August to October ���	� Daily
precipitation sums valid for the �� hours preceeding the data given in the label of the �gure� Units
in mm
day�
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� MONTHLY BALTIC DRAINAGE PRECIPITATION

In addition to the daily precipitation �elds� both the areal distribution and the total amount of
the monthly precipitation input into the Baltic Sea drainage basin are of interest� They are both
computed from daily �elds �Fig� �� rather than from monthly gauge values� This guarantees
that gauges which do not measure continuously all month long are also included in the analysis�
Fig� � shows the areal distribution of the monthly precipitation �elds for the PIDCAP months
August� September and October 	

��

The areal precipitation distribution in August has a mean value of �
 mm� The maxima
are registered in the mountainous parts of the catchment� with values exceeding 	�� mm� The
minimum with values lower than � mm is located in southern Sweden� In September the total
freshwater input into the catchment is �� mm� with low values in the North and high values in
the South� In contrast to this� October is characterized by an opposite precipitation distribution
with mean of �	 mm�

Fig� � shows the time series of the daily precipitation sums averaged over the whole catch�
ment� The accuracy of the analysis is much lower over the open sea� in Fig� � the splitted time
series for land and sea areas respectively are plotted� In the project NEWBALTIC� the analysis
from land grid areas are usually taken for model veri�cations �Yang et al� 	

��� The splitted
time series indicate� that in most cases the precipitation part over land exceeds the one over
sea� In certain cases� especially on days with high amount of precipitation� this picture reverts�
The mean values over land�sea grid areas are �	��� mm in August� ����
 mm in September
and ����� mm in October�

Figure � Page �� � ��� Areal distribution of monthly precipitation within the Baltic drainage basin
 obtained
from daily objectively analyzed precipitation �elds� Dates are August
 September and October of
the PIDCAP year ���	� Units in mm
month�



�
 PIDCAP � Ground Truth Precipitation Atlas

 

       1        2        4        8       16       32       64      128
     Precipitation

    mm/month              

                     
 

 

 

 

 

 

 

 

 

 

 

248

8

16

16

16

16

16

32
32

32

32

32

32

32

32

64

64

64

64

64

64

64

64

64

64

64

64

64

64

128

128

 

10 o E 20 o E 30 o E 40 o E

60 o 

50 o 

60 o 

50 o 

10 o E 20 o E

    August 1995



PIDCAP � Ground Truth Precipitation Atlas �	

 

       1        2        4        8       16       32       64      128
     Precipitation

    mm/month              

                     
 

 

 

 

 

 

 

 

 

 

 

24816

16

32

32

32

32

32

32

32

64

64

64

64

64

64

64

64

64
64

128

128

128

128

128

12
8

 

10 o E 20 o E 30 o E 40 o E

60 o 

50 o 

60 o 

50 o 

10 o E 20 o E

 September 1995



�� PIDCAP � Ground Truth Precipitation Atlas

 

       1        2        4        8       16       32       64      128
     Precipitation

    mm/month              

                     
 

 

 

 

 

 

 

 

 

 

 

2

4

4

8

8

8

16

16

16

16

16

16 16
32

32

32

32

32

32

32

64

64

6464

64

64

64

64

64

64

12
8

128

128

256

25
6

 

10 o E 20 o E 30 o E 40 o E

60 o 

50 o 

60 o 

50 o 

10 o E 20 o E

   October 1995



PIDCAP � Ground Truth Precipitation Atlas ��

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

012345678910

precipitation [mm/24h]

ti
m

e

A
ug

us
t

Se
pt

em
be

r
O

ct
ob

er

59
.2

 m
m

/m
on

th
72

.9
 m

m
/m

on
th

51
.4

 m
m

/m
on

th

F
ig

ur
e 

6
  

 D
ai

ly
 p

re
ci

pi
ta

tio
n 

su
m

s 
av

er
ag

ed
 o

ve
r 

th
e 

B
al

tic
 S

ea
 d

ra
in

ag
e 

ba
si

n,
 c

al
cu

la
te

d 
fr

om
 o

bj
ec

tiv
el

y 
an

al
yz

ed
 p

re
ci

pi
ta

tio
n 

fi
el

ds
 (

Fi
g.

 4
),

 f
or

  
  

  
  

  
  

  
 t

he
 P

ID
C

A
P 

pe
ri

od
 o

f 
1 

A
ug

us
t 

to
 3

1 
O

ct
ob

er
 1

99
5.

 U
ni

ts
 a

re
 i

n 
m

m
/d

ay
. 

T
he

 m
on

th
ly

 p
re

ci
pi

ta
tio

n 
in

pu
t 

in
to

 t
he

 B
al

tic
 d

ra
in

ag
e 

is
 5

9.
2

   
   

   
   

   
   

  m
m

 in
 A

ug
us

t, 
72

.9
 m

m
 in

 S
ep

te
m

be
r 

an
d 

51
.4

 m
m

 in
 O

ct
ob

er
.



�� PIDCAP � Ground Truth Precipitation Atlas

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

0123456789101112

precipitation [mm/24h]

ti
m

e

L
an

d
Se

a

A
ug

us
t

Se
pt

em
be

r
O

ct
ob

er

61
.2

 /
47

.7
 m

m
/m

on
th

73
.5

 /
69

.0
 m

m
/m

on
th

52
.7

 /
44

.1
 m

m
/m

on
th

F
ig

ur
e 

7
 

 
 

D
ai

ly
 

pr
ec

ip
ita

tio
n 

su
m

s 
av

er
ag

ed
 

ov
er

 
la

nd
 

(b
la

ck
) 

an
d 

se
a 

(g
re

y)
gr

id
 

ar
ea

s 
of

 
th

e 
B

al
tic

 
Se

a 
dr

ai
na

ge
 

ba
si

n,
 

ca
lc

ul
at

ed
 

fr
om

  
  

  
  

  
  

pr
ec

ip
ita

tio
n 

fi
el

ds
 (

Fi
g.

 4
),

 f
or

th
e 

PI
D

C
A

P 
pe

ri
od

 o
f 

1 
A

ug
us

t 
to

 3
1 

O
ct

ob
er

 1
99

5.
 U

ni
ts

 a
re

 i
n 

m
m

/d
ay

. 
T

he
 f

re
sh

w
at

er
 i

np
ut

  
  

  
  

  
  

  
  

  
  

 o
ve

r 
la

nd
 is

 6
1.

2 
m

m
 in

 A
ug

us
t,7

3.
5 

m
m

 in
 S

ep
te

m
be

r 
an

d 
72

.7
 m

m
 in

 O
ct

ob
er

. C
or

re
sp

on
di

ng
 v

al
ue

s 
ov

er
 s

ea
 a

re
 4

7.
7 

m
m

, 6
9.

0 
m

m
 a

nd
   

   
   

   
   

   
   

  4
4.

1 
m

m
.



PIDCAP � Ground Truth Precipitation Atlas ��

� COMPARISON WITH EARLIER ANALYSES

PIDCAP was de�ned in 	

� �Isemer 	

�a�� In the same year� before any data had been
collected by the BMDC� the PIDCAP Quick Look Precipitation Atlas �Rubel 	

�� became
available� It gave the working groups participating in PIDCAP a �rst overview on precipitation
events� This �rst precipitation analysis was based on SYNOP data only� the used grid was those
of the German EM model �resolution �� km��

What are the improvements of the new higher resolution analysis available now in the present
atlas� It is clear� that the ten times higher data density analyzed on a �ner grid gives more
detailed pictures� Are the now analyzed �elds more realistic compared with the former ones�
To answer this question� in Fig� � the daily �elds on the coarse resolution of �� km are plotted
against each other� again the �� August 	

�� 
��

 UTC was chosen� No statistical measures are
given� the reader may form an opinion by visually comparing the pictures� Taking into account
the spatial autocorrelation of precipitation events on di�erent scales �Rubel 	

�b� Hantel et al�
	

��� it should not surprise that there is a relatively good agreement� Nevertheless� in some
cases of small scale convection over limited regions� de�cits due to the low data density of the
synoptic network are found�

The following pictures �Fig� 
� show the corresponding comparison of the monthly precip�
itation �elds� Again� it was found that the higher data density results in an almost negligible
improvement� The values of the catchment averaged monthly precipitation sums calculated from
low�high resolution analysis are ����
 mm in August� �	��� mm in September and ����	 mm in
October� This comparison con�rms the reliability of the coarse resolution analysis from synoptic
data only given in the PIDCAP Quick Look Precipitation Atlas� Di�erences are mainly caused
by the correction of the raw gauge measurements �Rubel and Hantel 	

���

Figure � Page ��� Daily precipitation on the grid of the German EM�model �horizontal resolution 		 km�

calculated from twice daily objectively analyzed �elds based on ��� synopic gauges �left
 see Rubel
�����
 and averaged from the corresponding daily �eld based on � ��� corrected rain gauges �right

see Fig� ��� Date� �� August���	
 ����� UTC� Units in mm
day�

Figure � Page �� � ��� Monthly precipitation on the grid of the German EM�model �horizontal resolution
		 km�
 calculated from twice daily objectively analyzed �elds based on ��� synoptic gauges �left

see Rubel �����
 and averaged from the corresponding monthly �elds based on � ��� corrected rain
gauges �right
 see Fig� 	�� Dates are August
 September and October of the PIDCAP year ���	�
Units in mm
month�
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	 COMPARISON WITH NWP MODEL FORECASTS

In accordance to the PIDCAP Quick Look Precipitation Atlas� which contains comparisons
between analysed precipitation �elds with corresponding forecasts from the ECMWF model�
here comparisons with mesoscale NWP models are shown�

It is not goal of this atlas to present a detailed model veri�cation of the hydrological cycle
of NWP models �Rubel et al� 	

�� Hantel et al 	

��� A �rst inter�comparison of models used
in NEWBALTIC is forthcoming �Yang� et al� 	

��� In order to nevertheless demonstrate the
usefulness of the precipitation analysis for a veri�cation� � model forecasts calculated from re�
analysis in NEWBALTIC have been chosen� The �rst is the REMO� a derivative of the German
DM �DWD� 	

��� running at the GKSS Research Centre in a weather forecast mode �Karstens
et al� 	

�� Raschke et al� 	

��� The second is also the REMO running at the MPI Hamburg
in climate mode �Jakob et al� 	

��� The third model is the Danish HIRLAM �Sass and Yang
	

���

Fig� 	
 shows the comparison between the analysis �left�� based on corrected rain gauges� and
the REMO forecast �right� accumulated from � hour to �
 hour forecasts from GKSS Research
Centre� These daily precipitation �eld show a good agreement� except the predicted rain band
in the east of the catchment which could not be analyzed from observations� Remarkable is the
higher variance in the modelled precipitation �elds�

The next picture shows the comparison between the monthly precipitation �elds in the
drainage basin �Fig� 		�� Again� the analysis is based on corrected rain gauges �left�� the
forecast is from REMO running at MPI Hamburg �right��

The last comparison shows time series of analyzed areally averaged daily precipitation sums
plotted against predictions �� to �
 hour forecasts� from the Danish HIRLAM �Fig� 	��� Partic�
ularly for September 	

�� a very good agreement was found� while in August and October 	

�
the overestimation of events with low precipitation is indicated� Monthly analyzed�modelled
values are �	��� mm in August� ����� mm September and ����� mm in October�

Figure �	 Page ��� Comparison of daily precipitation �elds analyzed �left� from corrected rain gauges against
predicted �right� with REMO �GKSS�� Date� �� August���	
 ����� UTC� Units in mm
day�

Figure �� Page ��� Comparison of monthly precipitation �elds for October ���	
 analyzed �left� from corrected
rain gauges against predicted �right� with REMO �MPI�� Units in mm
month�
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 CONCLUSIONS

The present Ground Truth Precipitation Atlas was compiled following the concept of the formerly
published Quick Look Precipitation Atlas� Again� for the analysis a statistical method known
as ordinary block kriging �optimum interpolation without a modelled �rst guess �eld� was used�
With this method� the areally averaged precipitation is estimated from the irregularly spaced
observations� by minimizing the mean square interpolation error� Improvements compared to
the former analyses are�

� Use of the extended data base collected by the BMDC�

� correction of the raw rain gauge measurements� and

� implementation of a mesoscale analysis grid with 	� km horizontal resolution�

The results have been presented in form of daily precipitation maps �corresponding to the
available data base� for the whole BALTEX model domain� Further� the areal distribution of
the monthly precipitation input into the Baltic drainage basin has been calculated from these
daily precipitation �elds� Averaging over all grid points within the catchment gives areally
averaged monthly precipitation values for the three months of the PIDCAP period �for the
fourth month no data from the BMDC are available�� Additionally� the temporal distribution
of the areally averaged precipitation values has been presented in form of time series� These
are given for the whole catchment area� for land areas and for sea areas� respectively� Inter�
comparisons with �elds from the Quick Look Precipitation Atlas indicate that the density of the
synoptic network in Europe is su�cient for large scale analysis ��� km resolution�� The reliability
of the monthly precipitation �elds calculated in the former atlas has been shown� In the last
chapter� the usefulness of the presented precipitation analysis to validate NWP model forecasts
has been demonstrated by comparisons with the German REMO and the Danish HIRLAM�

Future developments within NEWBALTIC II will consider the non�Gaussian probability
density function of precipitation by a non�linear analysis schema� Additionally� radar data from
NORDRAD will be included� The application of the improved analysis scheme in the Main
BALTEX Experiment �����	

� is planned�
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schen Wetterdienst und Diskussion ihrer poten-
tiellen Entstehungskriterien. Wien 1979, 45 S.,
2 Tab., 35 Abb.

100,--

38 236 Geophysik DRIMMEL, J., E. FIEGWEIL und G. LUKESCHITZ: Die Auswir-
kung der Friauler Beben in Österreich. Makroseis-
mische Bearbeitung der Starkbeben der Jahre
1976/77 samt historischem Rückblick. Wien 1979,
83 S., 47 Abb., 3 Karten

150,--

39 238 Geophysik FIEGWEIL, E.: Über die Vorkommen von Wiederholungsbeben
in Mitteleuropa. Wien 1979, 20 S., 9 Abb. 50,--

40 239 Meteorologie Klimadaten des Glocknergebietes, IV. Teil: Tabellen der Stun-
denwerte der Windgeschwindigkeit und der Wind-
richtung 1973-1976 (Fusch, Wallack-Haus, Guttal,
Glocknerhaus, Margaritze, Fuscher-Lacke). Wien
1979, 94 Tab.

120,--

41 242 Meteorologie CHALUPA, K.: Ergebnisse der Registrierung der Immission von
Stickoxiden, Ozon und Schwefeloxid in Wien - Hohe
Warte, 1978. Wien 1980, 58 S., 30 Tab., 15 Abb.

130,--

42 241 Meteorologie CHALUPA, K.: Ergebnisse der Registrierung der Immission von
Stickoxiden, Ozon und Schwefeloxid in Wien - Hohe
Warte, 1979. Wien 1980, 65 S., 32 Tab., 20 Abb.

130,--

43 246 Meteorologie RAGETTE, G.: Methoden zur Berechnung großräumigen Nie-
derschlages. Wien 1980, 47 S., 1 Tab., 2 Abb. 70,--

44 247 Meteorologie Klimadaten des Glocknergebietes, V. Teil: Tabellen der Stun-
denwerte der Lufttemperatur und der Relativen Luft-
feuchte, 1977-1979 (Wallack-Haus, Hochtor-Süd,
Hochtor-Nord, Fuscher-Lacke). Wien 1980, 135
Tab.

vergriffen

45 248 Geophysik BRÜCKL, E., G. GANGL, W. SEIBERL und Chr. GNAM: Seismi-
sche Eisdickenmessungen auf dem Ober- und Un-
tersulzbachkees in den Sommern der Jahre 1973
und 1974. Wien 1980, 23 S., 2 Tab.

50,--

46 249 Meteorologie Klimadaten des Glocknergebietes, IV. Teil: Tabellen der Stun-
denwerte der Lufttemperatur und der Relativen Luft-
feuchte, 1977-1979 (Fusch, Piffkaralm, Guttal, Sep-
penbauer, Margaritze, Glocknerhaus, Schnee-
tälchen, Obere Grasheide, Polsterpflanzenstufe).
Wien 1981, 110 Tab.

120,--
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47 251 Meteorologie CHALUPA, K.: Ergebnisse der Registrierung der Schwefeloxid-
Immission in Wien - Stephansplatz, 1975-1979.
Wien 1981, 50 S., 13 Tab., 21 Abb.

vergriffen

48 252 Meteorologie LAUSCHER, F.: Säkulare Schwankungen der Dezennienmittel
und extreme Jahreswerte der Temperatur in allen
Erdteilen. Wien 1981, 42 S., 8 Tab.

50,--

49 254 Meteorologie CHALUPA, K.: Ergebnisse der Registrierung der Schwefeloxid-
Immission in Wien - Hohe Warte und in Wien - Ste-
phansplatz, 1980. Wien 1981, 46 S., 24 Tab., 13
Abb.

100,--

50 255 Geophysik MELICHAR, P.: Ergebnisse der vergleichenden geomagneti-
schen Absolutmessungen an den Observatorien Ti-
hany - Ungarn und Wien - Kobenzl. Wien 1981, 35
S.

50,--

51 256 Geophysik BRÜCKL, E. und K. ARIC: Die Ergebnisse der seismischen
Gletschermessungen am Hornkees in den Zillertaler
Alpen im Jahre 1975. Wien 1981, 20 S., 5 Tab., 5
Abb., 1 Karte

vergriffen

52 257 Meteorologie Klimadaten des Glocknergebietes, VII. Teil: Tabellen der Stun-
denwerte der Windgeschwindigkeit und der Wind-
richtung 1977-1979 (Fusch, Fuscher Lacke, Wal-
lack-Haus, Guttal). Wien 1982, 82 Tab.

120,--

53 260 Meteorologie STEINHAUSER, F.: Verteilung der Häufigkeiten der Windrich-
tungen und der Windstärken in Österreich zu ver-
schiedenen Tages- und Jahreszeiten. Wien 1982,
140 S., 131 Tab., 4 Kartenbeilagen

120,--

54 261 Meteorologie DOBESCH, H. und F. NEUWIRTH: Wind in Niederösterreich,
insbesondere im Wiener Becken und im Donautal.
Wien 1982, 212 S., 183 Abb.

vergriffen

55 266 Meteorologie Klimadaten des Glocknergebietes, VIII. Teil: Tabellen der Stun-
denwerte der Globalstrahlung 1975-1980 (Fu-scher-
Lacke und Wallack-Haus). Wien 1983, 39 S.

50,--

56 268 Geophysik WEBER, F. und R. WÜSTRICH: Ergebnisse der refraktions-
seismischen Messungen am Hochkönigsgletscher.
Wien 1983, 50 S., 3 Tab., 7 Abb., 11 Beilagen

100,--

57 278 Meteorologie Klimadaten des Glocknergebietes, IX. Teil: Tabellen der Nieder-
schlagsmeßergebnisse 1974-1980. 48 S., 41 Tab. 70,--

59 283 Meteorologie KAISER, A.: Inversionen in der bodennahen Atmosphäre über
Klagenfurt. Wien 1984, 79 S., 13 Tab., 22 Abb. 80,--

60 284 Meteorologie LAUSCHER, F.: Ozonbeobachtungen in Wien von 1853-1981.
Zusammenhänge zwischen Ozon und Wetterlagen.
Wien 1984, 29 S., 13 Tab. 3 Abb.

40,--

61 289 Meteorologie Klimadaten von Österreich Mittelwerte 1971-1980. Teil I (Vorarl-
berg) und Teil II (Tirol). 71 S. 60,--

62 299 Geophysik DRIMMEL, J.: Seismische Intensitätsskala 1985 (SIS-85).
Vorschlag einer Neufassung der Intensitätsskala
MSK-64. 28 S., 8 Tab., 2 Abb.

40,--

63 300 Meteorologie Klimadaten von Österreich Mittelwerte 1971-1980. Teil III (Salz-
burg) und Teil IV (Oberösterreich). 107 S. 80,--

64 302 Meteorologie LAUSCHER, F.: Klimatologische Synoptik Österreichs mittels der
ostalpinen Wetterklassifikation. Wien 1985, 65 S.,
32 Tab., 5 Abb.

90,--
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65 303 Geophysik ZYCH, D.: Messungen der erdmagnetischen Vertikalintensität
und Suszeptibilitätsuntersuchungen durch die ÖMV-
AG als Beitrag zur Kohlenwasserstoffexplora-tion in
Österreich. Wien 1985, 14 S., 2 Tab., 2 Abb., 3 Kar-
tenbeilagen

60,--

66 304 Meteorologie HOJESKY, H.: Langjährige Radiosonden- und Höhenwindmes-
sungen über Wien 1952-1984. Wien 1985, 219 S.,
64 Tab., 13 Abb.

120,--

67 306 Geophysik Results of the Austrian Investigations in the International Lithos-
phere Program from 1981-1985. Wien 1986, 79 S.,
4 Tab., 28 Abb.

80,--

68 308 Hydrometeorologie ECKEL, O. und H. DOBESCH: Mittelwerte der Wassertempera-
tur von Traunsee und Millstätter See nach mehrjäh-
rigen Registrierungen in verschiedenen Tiefen.
Wien 1986, 87 S., 74 Tab.

70,--

69 309 Meteorologie KOLB, H., G. MAHRINGER, P. SEIBERT, W. SOBITSCHKA, P.
STEINHAUSER und V. ZWATZ-MEISE: Diskussion
meteorologischer Aspekte der radioaktiven Bela-
stung in Österreich durch den Reaktorunfall in
Tschernobyl. Wien 1986, 63 S., 4 Tab., 20 Abb.

vergriffen

70 312 Geophysik ARIC, K., E. BRÜCKL: Ergebnisse der seismischen Eisdicken-
messungen im Gebiet der Stubaier Alpen (Daunko-
gelferner), der Venedigergruppe (Schlaten-kees und
Untersulzbachkees) und der Silvretta-gruppe (Ver-
munt-Gletscher). Wien 1987, 18 S., 4 Tab., 10 Abb.,
4 Kartenbeilagen

80,--

71 314 Meteorologie CHALUPA, K.: Ergebnisse der Registrierung der Schwefeloxid-
Immission in Wien - Hohe Warte und in Wien - Ste-
phansplatz, 1981. Wien 1987, 67 S., 41 Tab., 11
Abb.

100,--

72 315 Meteorologie CHALUPA, K.: Ergebnisse der Registrierung der Schwefeloxid-
Immission in Wien - Hohe Warte und in Wien - Ste-
phansplatz, 1982-1985. Wien 1987, 76 S., 27 Tab.,
15 Abb.

100,--

73 317 Geophysik ARIC, K. et al: Structure of the Lithosphere in the Eastern Alps
Derived from P-residual Analysis. Wien 1988, 35 S.,
3 Tab., 17 Abb.

60,--

74 322 Meteorologie CHALUPA, K.: Ergebnisse der Registrierung der Schwefeloxid-
Immission in Wien - Hohe Warte und in Wien - Ste-
phansplatz 1986-1987 sowie eine Übersicht der
20jährigen Reihe 1968-1987. Wien 1988, 80 S., 38
Tab., 20 Abb.

100,--
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Herausgegeben von H. W. FLÜGEL und P. STEINHAUSER
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1 Jahresbericht 1973. Verhandlungen der Geologischen Bundes-
anstalt. Jahrgang 1974, H. 4, S. A138-A148

2 Jahresbericht 1974. Zentralanstalt für Meteorologie und Geody-
namik, Wien 1975, 21 S., 5 Abb. vergriffen

3 Jahresbericht 1975. Zentralanstalt für Meteorologie und Geody-
namik, Wien 1976, 74 S., 14 Abb. 115,--

4 215 WALACH, G.: Geophysikalische Arbeiten im Gebiet des Nord-
sporns der Zentralalpen I: Magnetische Traverse 1
(Neunkirchen-Hochwechsel-Pöllauer Bucht). Zen-
tralanstalt für Meteorologie und Geodynamik, 22 S.,
5 Abb., 4 Beilagen

40,--

5 221 Jahresbericht 1976. Zentralanstalt für Meteorologie und Geody-
namik, Wien 1977, 101 S., 21 Abb. 130,--

6 230 Jahresbericht 1977, Teil 1. Zentralanstalt für Meteorologie und
Geodynamik, Wien 1978, 54 S., 9 Abb. 85,--

7 240 Jahresbericht 1977, Teil 2. Zentralanstalt für Meteorologie und
Geodynamik, Wien 1979, 60 S., 19 Abb. 90,--

8 244 Tagungsbericht über das 1. Alpengravimetrie Kolloquium - Wien
1977. Herausgeber: P. STEINHAUSER, Zentralan-
stalt für Meteorologie und Geodynamik, Wien 1980,
129 S., 35 Abb.

90,--

9 245 GÖTZE, H. J., O. ROSENBACH und P. STEINHAUSER: Die
Bestimmung der mittleren Geländehöhen im Hoch-
gebirge für die topographische Reduktion von
Schweremessungen. Zentralanstalt für Meteorologie
und Geodynamik, Wien 1980, 16 S., 2 Tab., 5 Abb.

25,--

10 264 ROSENBACH, O., P. STEINHAUSER, W. EHRISMANN, H. J.
GÖTZE, O. LETTAU, D. RUESS und W.
SCHÖLER: Tabellen der mittleren Geländehöhen
der Ostalpen und ihrer Umgebung für Raster-
elemente Δϕ = 0.75´. Δλ = 1.25´. 1. Lieferung.
Zentralanstalt für Meteorologie und Geodyna-mik,
Wien 1982, 23 S., 20 Tab.

100,--

11 273 Tagungsbericht über das 2. Internationale Alpengravimetrie
Kolloquium - Wien 1980. Herausgeber: B.
MEURERS und P. STEINHAUSER, Zentralanstalt
für Meteorologie und Geodynamik, Wien 1983, 168
S., 85 Abb.

200,--

12 288 Tagungsbericht über das 3. Internationale Alpengravimetrie
Kolloquium - Leoben 1983. Herausgeber: B.
MEURERS, P. STEINHAUSER und G. WALACH,
Zentralanstalt für Meteorologie und Geodynamik,
Wien 1985, 222 S.

270,--

13 323 Tagungsbericht über das 4. Internationale Alpengravimetrie
Kolloquium - Wien 1986. Herausgeber: B.
MEURERS und P. STEINHAUSER, Zentralanstalt
für Meteorologie und Geodynamik, Wien 1988, 200
S., 77 Abb.

250,--



Österreichische Beiträge zu Meteorologie und Geophysik
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1 329 Meteorologie Tagungsbericht EURASAP, Wien, 14.-16. Nov. 1988, Evaluation
of Atmospheric Dispersion Models Applied to the
Release from Chernobyl. Wien 1989, 20 Beiträge,
198 S., 100 Abb., 17 Tab.

200,--

2 332 Geophysik Tagungsbericht über das 5. Internationale Alpengravimetrie
Kolloquium - Graz 1989. Herausgeber: H.
LICHTENEGGER, P. STEINHAUSER und H.
SÜNKEL, Wien 1989, 256 S., 100 Abb., 17 Tab.

vergriffen

3 336 Geophysik Schwerpunktprojekt S47-GEO: Präalpidische Kruste in Öster-
reich, Erster Bericht. Herausgeber: V. HÖCK und P.
STEINHAUSER, Wien 1990, 15 Beiträge, 257 S.,
104 Abb., 17 Tab., 23 Fotos

280,--

4 338 Meteorologie LANZINGER, A. et al: Alpex-Atlas. FWF-Projekt P6302 GEO,
Wien 1991, 234 S., 23 Abb., 2 Tab., 200 Karten

250,--

5 341 Meteorologie BÖHM, R.: Lufttemperaturschwankungen in Österreich seit 1775.
Wien 1992, 95 S., 34 Abb., 24 Tab.

vergriffen

6 343 Geophysik MEURERS, B.: Untersuchungen zur Bestimmung und Analyse
des Schwerefeldes im Hochgebirge am Beispiel der
Ostalpen. Wien 1992, 146 S., 72 Abb., 9 Tab.

160,--

7 351 Meteorologie AUER, I.: Niederschlagsschwankungen in Österreich seit Beginn
der instrumentellen Beobachtungen durch die Zen-
tralanstalt für Meteorologie und Geodynamik. Wien
1993, 73 S., 18 Abb., 5 Tab., 6 Farbkarten

330,--

8 353 Meteorologie STOHL, A., H. KROMP-KOLB: Analyse der Ozonsituation im
Großraum Wien. Wien 1994, 135 S., 73 Abb.,
8 Tab.

330,--

9 356 Geophysik Tagungsbericht über das 6. Internationale Alpengravimetrie-
Kolloquium, Leoben 1993. Herausgeber: P.
STEINHAUSER und G. WALACH, Wien 1993,
251 S., 146 Abb.

330,--

10 357 Meteorologie ZWATZ-MEISE, V.: Contributions to Satellite and Radar Meteo-
rology in Central Europe. Wien 1994, 169 S., 25
Farbabb., 42 SW-Abb., 13 Tab.

330,--

11 359 Geophysik LENHARDT W. A.: Induzierte Seismizität unter besonderer
Berücksichtigung des tiefen Bergbaus. Wien 1995,
91 S., 53 Abb.

330,--

12 361 Meteorologie AUER, I., R. BÖHM, N. HAMMER †, W. SCHÖNER.,
WIESINGER W., WINIWARTER W.: Glaziologische
Untersuchungen im Sonnblickgebiet: Forschungs-
programm Wurtenkees. Wien 1995, 143 S., 59 SW-
Abb., 13 Farbabb., 9 SW-Fotos, 47 Tab.

330,--

13 372 Meteorologie PIRINGER, M.: Results of the Sodar Intercomparison Experiment
at Dürnrohr, Austria. Wien 1996

330,--

14 373 Geophysik MEURERS, B.: Proceedings of the 7 th International Meeting on
Alpine Gravimetry, Vienna 1996. Wien 1996

330,--

15 374 Meteorologie RUBEL, F.: PIDCAP - Quick Look Precipitation Atlas. Wien 1996 330,--
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16 378 Meteorologie DOBESCH, H., KURY G.: Wind Atlas for the Central European
Countries Austria, Croatia, Czech Republic, Hunga-
ry, Slovak Republic and Slovenia, Wien 1997

330,--

17 382 Meteorologie Proceedings of the 9th International Symposium on Acoustic
Remote Sensing and Associated Techniques of the
Atmosphere and Oceans, Vienna 1998, 329 Seiten,
Wien 1998

330,--

18 383 Meteorologie RUBEL, F.: PIDCAP - Ground Truth Precipitation Atlas. 99 Farb-
karten, Wien 1998

500,--


