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We present VAHCOLI (Vertical and Horizontal COverage by LIdar), a new concept for a 
network of compact, yet capable general-purpose lidar systems. It allows for 24/7 measurements 
of temperatures, winds and aerosols in the middle atmosphere (~10-110 km) with high temporal 
and vertical resolution. By combining several lidars, different horizontal scales from a few 
hundred meters to several hundred kilometers can be covered (“four-dimensional coverage”), 
depending on the spacing of the individual units. We discuss the general motivation behind the 
concept, the technical details of the individual lidars and show first results of a test campaign at 
the Leibniz Institute for Atmospheric Physics in Kühlungsborn, Germany.  

The individual lidar units of VAHCOLI are based on a diode-pumped alexandrite ring laser, 
operating at the potassium-D1 line (770 nm). Each lidar is capable of performing Doppler-Mie, 
Doppler-Rayleigh and Doppler-resonance measurements with identical technology due to a 
novel sophisticated laser spectroscopy approach. This approach combines the good spectral 
characteristics of the alexandrite laser with ultra-narrowband filters, stabilized to sub-MHz 
values. The ultra-narrowband filtering allows simultaneous measurement of the Rayleigh, 
resonance, and Mie components of the signal.  The ultra-narrow band filter has the second 
advantage of strongly suppressing the solar background, allowing for normal operations during 
daylight. All components of the system are integrated into a single, custom-made enclosure, 
making the systems very compact and light (volume: ~1m3, weight ~500kg).  

Each unit features telescopes for five fields of view (1 vertical, 4 angled 30° off zenith), to 
observe both vertical and horizontal components of the wind. The combination of several of 
these units and their fields of view gives VAHCOLI its four-dimensional measurement 
capabilities. This enables us to observe crucial dynamical processes in the middle atmosphere, 
such as gravity waves and stratified turbulence, with sufficient temporal, vertical and horizontal 
sampling and resolution.   

We will show measurements from the first operational VAHCOLI unit to highlight the general 
capabilities of the new lidar design and we will discuss the exciting scientific and technical plans 
for expanding the VAHCOLI network. 
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