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ABSTRACT 
Aerosol and water vapor measurements were 
performed with the lidar system WALES of the 
German Aerospace Center (DLR) onboard the 
German research aircraft G550-HALO during the 
HALO Techno-Mission in October and November 
2010 and during the ML-Cirrus mission in March 
and April 2014 over Central Europe and the North 
Atlantic region. Curtains composed of lidar 
profiles beneath the aircraft show the water vapor 
mixing ratio and the backscatter ratio. 
Temperature data from ECMWF model analysis 
are used to calculate the relative humidity above 
ice (RHi) in the 2-D field along the flight track to 
study the RHi distribution inside and outside of 
cirrus clouds at different stages of cloud 
evolution. 

1.  INTRODUCTION 
Although cirrus clouds have a large impact on the 
Earth’s climate system [1] [2], especially their 
radiative properties are still only insufficiently 
understood [3][4]. The radiative properties of 
cirrus clouds highly depend on their 
microphysical composition [5], e.g. the ice crystal 
shape, the size distribution and the number 
concentration, which are strongly dependent on 
ambient vertical movement [6]. To improve our 
knowledge of cirrus clouds a better understanding 
of the micro- and macro-physical properties of 
cirrus clouds is mandatory. Airborne differential 
absorption lidar (DIAL) measure the 2-
dimensional atmospheric structure along the flight 
path and thus provide valuable information to 
study the macro-physical properties as well as the 
fine-structure of cirrus clouds. Furthermore the 
combination of DIAL measurements with 
additional temperature information (e.g. from 
ECMWF model analysis) enable the investigation 
of relative humidity distribution and ice-
supersaturation inside and outside of cirrus 

clouds, which is a crucial measure for cirrus cloud 
formation and evolution processes [7]. 

We present measurements of cirrus cloud 
properties performed with the DLR differential 
absorption and high spectral resolution lidar 
(HSRL) system WALES during the HALO 
Techno-Mission in autumn 2010 and during the 
ML_Cirrus mission in spring 2014. We provide 
RHi curtains beneath the HALO flight path from 
combined lidar water vapor measurements and 
temperature data from ECMWF model analysis, 
and investigate the RHi distribution inside and 
outside of cirrus clouds. A special focus of our 
studies is on the analysis of differences in RHi 
distribution for different types of cirrus clouds and 
cirrus cloud evolution stages. 

2. METHODOLOGY 

2.1 Differential Absorption Lidar WALES 
The multi-wavelength lidar system WALES of the 
DLR-Institute for Atmospheric Physics is capable 
to emit simultaneously four wavelengths, three 
online and one offline, in the water vapor 
absorption band around 935 nm. Additionally to 
the 935 nm channel, the system is equipped with 
polarization sensitive aerosol channels at 532 nm 
and 1064 nm, the first with high spectral 
resolution capabilities using an iodine filter in the 
detection path [8]. A detailed technical description 
of the system was done by [9]. An analysis of the 
systems accuracy can be found in [10]. 

2.2 HALO 
The new German research aircraft HALO (High 
Altitude and LOng range) is based on a modified 
Gulfstream G550. It is operated by the Flight 
Department of the DLR, Oberpfaffenhofen. 
HALO has a flight range of more than 8000 km, a 
flight time of more than 10 h, and a maximum 
cruising height of more than 15 km. Therefore 
measurements with WALES on HALO achieve 
the necessary distance to cirrus cloud tops to 



 

prevent saturation of the detector units due to 
strong backscattered light from the clouds. 

2.3 ML_Cirrus mission 
The Mid-Latitude Cirrus mission ML_Cirrus is a 
joint activity of different German research centers 
and universities led by the DLR-Institute of 
Atmospheric Physics, and took place in March 
and April 2014. Measurements were performed 
with a set of remote sensing and in-situ 
measurements onboard HALO to study aviation 
induced cloudiness as well as natural mid-latitude 
cirrus clouds in Central Europe and the North 
Atlantic. The operational base of HALO during 
ML_Cirrus was Oberpfaffenhofen. Altogether 12 
research flights over Germany, the North Atlantic 
region, and South-Western Europe were carried 
out. Additional data for cirrus cloud studies are 
available from the HALO Techno-Mission. 

3. RESULTS - CASE STUDY ON 11 APRIL 
2014 

The main focus of the research flight on 11 April 
was to measure cirrus cloud properties in different 
stages of cloud evolution. Model simulations 
indicated rapidly ascending air masses over the 
extra tropical North-Atlantic region and high 
cirrus cloud evolution probability north-westerly 
of Scotland followed by cirrus cloud resolving 
areas in the region of the English Channel.  

To achieve the research aims of this flight, four 
consecutive flight lags at different altitudes (three 
for in-situ measurements, and one at high altitude 
for lidar measurements) were planned parallel to 
the 500 hPa isobars (see Figure 1). 

 

 
Figure 1 Upper plot: Model simulations of 500 hPa 
geopotential height and horizontal wind for 11 April 2014, 18 
UTC and planned HALO flight path for the fourth flight leg 
(blue line). Lower plot: water vapor satellite measurements 
on 11 April 2014 in combination with 500 hPa geopotential 
height (cyan lines) and HALO flight path for the fourth flight 
leg (red line). 

Figure 2 gives an overview over the lidar 
measurements during the fourth flight leg of this 
research flight. It shows the lidar backscatter ratio 
cross-section at 532 nm. The measurements 
extend from the formation region of the cirrus 
cloud at Northern Scotland to the dissolving area 
over the English Channel. 

Figure 2 Extinction corrected backscatter ratio at 532 nm as measured with WALES on HALO on 11 April 2013. 



 

 

To study RHi distribution and supersaturation in- 
and outside the cirrus cloud the RHi field along 
the flight track was calculated using a 
combination of WALES’ water vapor 
measurements and interpolated ECMWF model 
temperature data. The applicability of ECMWF 
model temperature to study cirrus cloud properties 
was recently investigated by [11]. The RHi cross 
section along the fourth flight leg is shown in 
Figure 3. 

Figure 3 Relative humidity over along the fourth flight leg 
on 11 April 2014 ice calculated from combined lidar water 
vapor mixing ratio and ECMWF model analysis temperature 
data. 

The threshold for the decision cloud/no-cloud was 
set to an empirical value of the backscatter ratio at 
532 nm of 2. Taking the whole cloud measured on 
11 April 2014 into account, the RHi distribution 
inside the cloud (not shown here) shows highest 
frequencies for RHi values around 95 %, a strong 
broadening to RHi values below 80 % and a slight 
broadening to RHi values larger than 120 %. To 
determine the height dependence of RHi within 
the cirrus cloud, the cloud was divided in height 
levels of 500 m. 

 
Figure 4 Frequency distribution of the relative humidity over 
ice dependent on the height level inside the fully developed 
cirrus cloud. 

The RHi values in the mid-part of the cirrus cloud 
show a narrow distribution with a mean value of 
about 95% while the RHi distribution of the 
lowest cloud layers show a strong broadening 
towards lower values. Even RHi values smaller 
50 % were measured in the lowermost cirrus 
cloud layers. The highest RHi values were found 
in the uppermost cloud layers (see Figure 4). 

 
Figure 5 Histogram of joint occurrence of the relative 
humidity over ice (RHi) and the extinction corrected 
backscatter ratio (BSR) at 532 nm (upper plot) and of the RHi 
and the particle depolarization ratio at 532 nm (lower plot). 

Additional to the analysis of the RHi field along 
the flight track, correlated measurements of the 2-
D distribution of the RHi and the backscatter ratio 
(BSR), as well as of the RHi and the particle 
depolarization ratio (PDR) at 532 nm were 
performed (Figure 5), showing RHi values near 
saturation for large BSRs. Outside the cloud high 
ice-supersaturation up to more than 150 % was 
found. The PDR inside the cloud mainly ranged 
between 0.3 and 0.6 with most frequent values 



 

around 0.5. High RHi values inside the cloud are 
correlated with quite high PDRs of 0.4 - 0.5.  

4. SUMMARY AND OUTLOOK 
Combined airborne DIAL and HSRL 
measurements, performed during the HALO 
Techno-Mission and the ML_Cirrus mission, are 
used to study the fine-structure and the macro-
physical properties of cirrus clouds. RHi fields 
beneath the flight track, calculated from combined 
lidar water vapor and ECMWF model analysis 
temperature data, show large differences in the 
height dependent RHi distribution within the 
cirrus cloud for cirrus clouds at different stages of 
evolution and formation mechanisms, as well as in 
analysis of ice-supersaturation inside and outside 
the cirrus clouds.   

The measured dataset provides an ideal basis to 
investigate the properties and differences of cirrus 
clouds in different stages of evolution and under 
different meteorological conditions. Therefore the 
WALES measurements during the ML_Cirrus 
mission will be systematically analyzed under 
consideration of the meteorological situation and 
the age / stage of evolution of the cirrus cloud. 
Besides our studies concerning ice-supersaturated 
regions in the vicinity of cirrus clouds, we will 
investigate the link of RHi and backscatter 
intensity to other lidar parameters like the 
depolarization or extinction-to-backscatter ratio, 
and we will examine dominant horizontal and 
vertical scales of the cirrus cloud properties. Our 
results will be combined with model analyses and 
in-situ measurements to answer some general 
questions related to altitude, age, and long term 
history dependence of the cirrus cloud properties. 
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