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 How is climate change affecting Germany’s meadows, forests and lakes? To help answer that question,  

 ten years ago the Helmholtz Association established high-tech observatories in four key regions.  

 Dubbed TERENO, this monitoring network has since become a role model for modern environmental  

 research around the globe. REKLIM experts have actively supported the lighthouse project, and  

 had successes at several levels to report this year, which marks TERENO’s ten-year anniversary. 

Every Detail 
Matters  

´Weather radar

´Rain scanner

´Groundwater 
testing site

´Sensor network for soil moisture

´Research aircraft
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´Climate station

´Rain scanner

´Lysimeter

´Radiometer

´Eddy covariance 
measuring tower

´Outflow monitoring station

´Gathering 
sediment samples

Northeast German  
Lowland Observatory 

Harz / Central German  
Lowland Observatory

 

Bavarian Alps / Pre-Alps  
Observatory

Eifel / Lower Rhine Valley  
Observatory

´Satellites

´Below ground, on the ground, and in the air
At the TERENO observatories, researchers are investigating  
e.g. climate-related changes in the water and material  
cycles, and in the plant kingdom. To do so, they employ a  
broad range of measuring devices, which are either  
installed underground, placed on the surface, or survey  
landscapes from above.

How is the heat affecting plants?

´ TERENO has become our most im-
portant research network within Ger-
many. For example, at the monitoring  
sites attached to the observatory in the  
pre-Alps, we’re investigating how heat  
waves and droughts impact natural ecosys-
tems and land used for agriculture. So we’re 
addressing central questions like: how  
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much water does the soil provide for  
plants, and what stress reactions do they  
show during heat waves? These detailed 
studies wouldn’t be possible without the 
stationary equipment at the TERENO  
observatories. They’re at the core of our  
work, and are complemented by measure-
ments taken with mobile devices.
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Developed for TERENO, used worldwide

´ The TERENO observatories were and  
are the ideal testing grounds for new  
quality assurance methods for environ- 
mental data. For example, in the REKLIM  
climate initiative we have developed  
software that allows us to monitor our 
time series on carbon dioxide exchange 
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between the atmosphere and ecosystems. 
The software automatically scans our  
field data for errors, and similar algo- 
rithms, after being successfully tested 
in Germany, are now being used in the  
European carbon dioxide monitoring net-
work ICOS, and in the USA.

Our concept is setting new standards

´ At our TERENO observatories, we’ve 
been combining cutting-edge monitoring 
technologies with innovative modelling 
approaches for the past ten years, and 
investigating for the first time all compo-
nents of our environment - a concept that 
has since been copied internationally. 
For example, it forms the basis of the ma-
jor European environmental observation 
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network ‘eTLER’, which is currently in the 
planning stage. In addition, our observato-
ries collect data for the European carbon 
dioxide monitoring network ICOS. These 
and other successes have only been pos-
sible because everyone involved worked 
together closely. As such, for me TERENO 
is a prime example of collaboration within 
the Helmholtz Association.

Research with direct practical applications

´ In addition to national and interna-
tional scientific collaboration, TERENO 
has led to regular exchanges with local 
actors involved in agriculture, forestry 
and nature conservation. For example, 
we’ve met with farmers and agricultural 
advisors from southern Bavaria to discuss  
how we could prepare our findings on  
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optimised pasture management so that  
they provide the greatest benefit for  
farmers in their day-to-day work. These  
talks led e.g. to a practice-oriented re-
search project in which we’re jointly  
exploring the question of how much  
nitrogen from liquid manure is actually 
used by plants.
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Extremely dry conditions weaken pines and oaks

´ One of the most important tasks for 
the TERENO Observatory Northeast con-
sists in comprehensive environmental 
monitoring for the older tree popula-
tions in Müritz National Park. In this re- 
gard, we’re investigating how the weath- 
er and climate affect the trees’ growth. 
For example, with the help of TERENO  
we were able to precisely trace the  
effects of the extreme summer in 2018  
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on various tree species. While the beech  
trees showed surprisingly good growth, 
the oaks and pines, contrary to our expec-
tations, were characterised by significant 
drops in growth. Findings like these help us 
understand how trees grow under differ-
ent types of conditions. In addition, we can 
now use the growth rings from older trees 
to accurately determine how the climate 
has varied over the past few centuries. 

Online connection for remote observatories 

´ Establishing the TERENO observa- 
tories confronted us with the challenge 
of finding optimised data management 
solutions, from the sensors’ data acquisi-
tion, to automatic data transfer and archiv-
ing, to visualising the data online: a task 
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that created considerable added value, 
since we were able to apply the techniques 
and lessons we learned with regard to con-
necting geographically remote sites online 
in subsequent projects, e.g. in Ghana and 
Burkina Faso.

Working hand in hand with universities

´ The Europe-wide drought in the sum-
mer of 2018 showed how important soil 
moisture monitoring is for agriculture. 
At the TERENO observatories, we em-
ploy the new cosmic ray neutron sensing 
method to measure soil moisture, and are 
working together with experts from vari-
ous universities to further refine it. Our 
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goal is to make the method more flexible 
and more universally applicable, so that 
groundwater distribution on a regional 
scale can be more frequently and, above 
all, more accurately measured. In this way, 
TERENO is also promoting scientific col-
laboration between different Helmholtz  
Centres and universities.


