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ABSTRACT 
Measurements with the multiwavelength Raman pola-
rization lidar BERTHA (Backscatter Extinction lidar 
Ratio Temperature Humidity profiling Apparatus) have 
been performed during COPS (Convective Orographi-
cally induced Precipitation Study) in the Black Forest, 
Germany, from June to August 2007.  

Profiles of the water-vapor mixing ratio from BERTHA 
are compared with data from radiosonde and an air-
borne DIAL (Differential Absorption Lidar) LEANDRE2 
onboard the French Safire Falcon). The data of the 
two lidar systems are in better agreement (average 
difference of -0.03 g kg-1) than the comparisons of 
BERTHA and the radiosonde data (average difference 
smaller than 0.5 g kg-1). The discrepancy between 
lidar and radiosonde data is attributed to the drift of the 
radiosonde during its ascent. 

Raman lidar data are compared with short-range out-
puts of the COSMO-DE model (Consortium for small-
scale modeling; www.cosmo-model.org) of the Ger-
man Weather Service. It is shown that the short-range 
forecast of water-vapor mixing ratio within the residual 
layer yields values that are on average 7.9% smaller 
than the measurement. In the free troposphere pre-
dicted values are 9.7% smaller than the measurement. 

1. INTRODUCTION 
COPS is an international field measurement campaign 
in the frame of the German Research Society priority 
program Quantitative Precipitation Forecast, that took 
place in southwestern Germany and eastern France in 
the summer of 2007 June-August. The aim of this field 
measurement campaign was to investigate and im-
prove the quantitative precipitation forecast over com-
plex terrain with four-dimensional observation of the 
atmosphere [1]. 

The Institute for Tropospheric Research participated in 
this experiment with a wind lidar and the lidar 
BERTHA at the COPS-supersite M in the Murg-Valley. 

The aerosol lidar Bertha emits 6 laser pulses, simulta-
neously, and measures the elastically and inelastically 
backscattered light for determination of aerosol optical 
parameters, water vapor, and temperature profiles. 
The lidar BERTHA is described in [2] and [3] in more 
detail. 

Based on [4], this contribution shows the comparison 
of the water-vapor profiles of BERTHA with forecasted 
profiles of the model COSMO-DE. 

2. SYSTEM INTERCOMPARISONS 
First, water-vapor mixing-ratio profiles were compared 
that were measured with lidar and radiosondes on 14 
July 2007 and 01 August 2007. The difference be-
tween the values of the lidar and the radiosonde mea-
surements is 0.53 ± 0.59 g kg-1 on 14 July 2007 and 
0.27 ± 0.53 g kg-1 on 01 August 2007. The differences 
between the radiosonde measurements and the lidar 
measurements may arise because of radiosonde drift 
into drier air layers.  

Second, the BERTHA data were compared with DIAL 
LEANDRE2 data on board SAFIRE-Falcon measured 
at 1937 and 2018 UTC 31 July 2007. While the Ra-
man lidar directly measures the water-vapor mixing 
ratio, the DIAL method determines the absolute hu-
midity. Only with a temperature profile (radiosonde) 
the mixing ratio can be determined. The comparison at 
1937 UTC 31 July 2007 took place at twilight condi-
tions which prohibited intercomparisons above the 
altitude of 3.5 km. The difference of the lidar profiles is 
much lower in contrast to the comparisons with radi-
osonde data. The deviations are less than 1 g kg-1 in 
all heights. At 1937 UTC the mean difference was -
0.03 g kg-1 and the standard deviation was 0.36 g kg-1 
and at 2018 UTC the mean difference was 0.01 g kg-1 
and the standard deviation was 0.32 g kg-1.  

The exceptional agreement of both lidar data which 
were obtained in the same atmospheric volume 
shows, that the water-vapor profiles measured by 
BERTHA can be used for further studies. 

3. MODEL COSMOS-DE 
COSMO is an operational local model of the German 
Weather Service [5]. The model delivers a 21-hour 
forecast in steps of 1 hour. The model runs 8 times a 
day. It covers an area of 1300 x 1200 km2. The grid 
points are equidistant with 0.025° ≈ 2.8 km. By this 
relatively high resolution of model COSMO-DE it is 
possible to cover also small scale phenomena as con-
vection or local influences due to topography. The 
model comprises 50 layers and is operated with 25-s 
time steps. 

4. COMPARISON OF MEASURED WITH 
FORCASTED WATER-VAPOR DATA 

For comparison with the lidar measurements, the 
nearest grid point at geographical coordinates 
48.5618°N, 8.40618°E, and an altitude of 670.0 m is 
used. This grid point was 700 meters away from the 
lidar measurement site and the humidity values of the 
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four surrounding grid points next to this grid point dif-
fered at most 0.1 g kg-1. Because of this, the lateral 
model error of the water-vapor values was small com-
pared to measurement error. 

[2] Althausen D., D. Müller, A. Ansmann, U. Wandin-
ger, H. Hube, E. Clauder, S. Zörner, 2000: Scanning 
6-Wavelength 11-Channel Aerosol Lidar, J. Atmos. 
Ocean. Tech., 17, pp. 1469-1482. 

The model predictions of the COSMO-DE have been 
compared with 15 evening lidar measurements of the 
water-vapor mixing ratio. As the convection processes 
in the mixing layer are of crucial importance, the com-
parison was performed separately regarding the resi-
dual layer and the free troposphere. The results are 
summarized in Table 1. For the residual layer has to 
be noted that the COSMO-DE predicted values of wa-
ter-vapor mixing ratio are on average 7.9% lower than 
the measured values. Only the measurement on 15 
July 2007 showed a higher predicted value. To check 
whether the predicted values were significantly smaller 
than the measured, a t-test was performed and 
showed with t(0.99,14) = 2.624 < 5.17 that the pre-
dicted values from the model were significantly smaller 
than the values measured by lidar, i.e., that during the 
investigated time period COSMO-DE underestimated 
the humidity in the residual layer. 

[3] Tesche, M., Ansmann, A., Müller, Althausen, D., 
Mattis, I., Heese, B., Freudenthaler, V., Wiegner, M., 
Esselborn, M., Pasani G., Knipperz, P., 2008: Vertical 
profiling of Saharan dust with Raman lidars and air-
borne HSRL in southern Morocco during SAMUM, 
Tellus, 61B, pp. 144-164. 

[4] Herold, Christian, 2009: Wasserdampf- und 
Temperaturmessung mittels Lidar während COPS und 
SAMUM, Diploma Thesis, University Leipzig, 80 
pages. 

[5] Baldauf, M., J. Förstner, S. Klink, T. Reinhardt, C. 
Schraff, A. Seifert, K. Stephan, 2006: Kurze Beschrei-
bung des Lokal-Modells Kürzestfrist LMK und seiner 
Datenbanken auf dem Datenserver des DWD. 
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 Residual Layer Free Troposphere 
Date Top of Residual Layer 

(km) 
Difference 

(%) 
Standard  

Deviation (%) 
Difference 

(%) 
Standard  

Deviation (%) 
30 June 2007 1.90 -3.1 19.8 -12.4 26.7 
13 July 2007 1.45 -3.7 15.0 6.8 23.4 
14 July 2007 2.10 -8.0 14.5 -6.3 31.2 
15 July 2007 3.75 3.1 26.8 7.9 57.2 
18 July 2007 4.00 -7.3 14.5 -9.3 24.0 
25 July 2007 2.00 -13.5 17.4 1.2 73.4 
26 July 2007 2.00 -6.6 16.5 -15.5 47.1 
31 July 2007 2.05 -7.5 13.3 -6.3 20.4 

01 August 2007 1.10 -9.2 12.5 -11.5 31.0 
05 August 2007 1.50 -2.1 7.5 -84.2 101.7 
12 August 2007 3.20 -5.9 12.2 6.5 26.4 
15 August 2007 2.90 -22.2 23.4 - - 
23 August 2007 2.20 -13.9 15.3 0.6 20.4 
24 August 2007 2.80 -7.0 9.8 -7.6 17.7 
25 August 2007 2.80 -11.1 14.4 -6.5 52.9 

Mean  -7.9 15.5 -9.7 39.5 
 

Table 1: Mean Difference of COSMO-DE predicted water vapor mixing ratio to the measured values and 
corresponding standard deviation. Values are shown for the residual layer (with measured top of residual 
layer) and free troposphere up to 8 km height [4]. 
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