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ABSTRACT 
 
This paper describes the contours of a national monitoring and research site for atmospheric processes 
related to climate change. This initiative forms the logical continuation of the collaboration between 
Dutch universities and research organizations in this field. The proposed station will have large benefits 
for atmospheric science, both in the Netherlands and internationally. Within CESAR many ground-
based instruments will be operated at the Cabauw observatory in The Netherlands. The site will be 
unique in Europe in its overall capabilities.  
 
SCOPE AND RESEARCH OBJECTIVES OF CESAR 
 
The overall objective of the Cabauw Experimental Site for Atmospheric Research Project, hereafter 
referred to as CESAR Project, is: 
 
To set-up and operate at the Cabauw site an observational facility with a comprehensive set of 
remote sensing and in-situ equipment to characterize the state of the atmosphere, its radiative 
properties and interaction with the land surface, for the study of physical processes, climate 
monitoring and validation studies. 
 
The driving motivation for this site is  

1- the need for observational data to address crucial questions regarding climate change, 
2- the notion that this can only be accomplished with the synergetic use of collocated remote 

sensing instruments in combination with in situ data, 
3- the conviction that joining forces of the participating research institutes will add significant 

value to Dutch and international science in the field of atmospheric research. 
 
SCIENCE BACKGROUND 
 
The CESAR Project will address challenging questions in atmospheric research- especially the 
questions that are related to the interaction between clouds, aerosols and radiation and the land-
atmosphere interface. Activities in the field of atmospheric composition- green house gases, chemical 
processes- will be unfolded as well. 
 
Clouds-Aerosol-Radiation Interactions 
 
Low-level clouds cool the earth by reflecting sunlight back into space. In contrast to that, high-level 
clouds tend to warm the earth by losing less infrared radiation to space. Hence, if cloud properties 
change or if the number of clouds changes in response to any future climate change, then the “cloud 
radiative feedback” can either amplify global warming or counteract it. Changes in the vertical profile 
of clouds lead to different heating rates and consequently to significant changes in atmospheric 
dynamics. Apart from the manmade greenhouse gases also manmade aerosols induce climate change 
by affecting the radiation balance. Low-absorbing particles (e.g., sulphate, nitrate) cool the earth by 



scattering incoming sunlight and thus reducing the irradinace at the Earth surface. Absorbing aerosol 
particles (e.g. soot from diesel engines and biomass-burning) can absorb incoming and scattered solar 
radiation and contribute to the warming of the atmosphere, thus reinforcing the effect of greenhouse 
gases.  In addition to these ‘direct’ aerosol effects, there are ‘indirect’ effects associated to the role the 
aerosol plays in cloud formation (aerosols acting as condensation nuclei). An increase in the aerosol 
concentration (for instance due to human activity) can have an ‘indirect’ effect by (i) increasing the 
cloud reflection properties, and (ii) changing the cloud lifetime. This indirect effect can be as large as 
the warming by the extra green house gases , but the actual value is as yet, highly uncertain 
 
Land-Atmosphere interactions 
 
The land-atmosphere interface is a major factor in atmospheric processes. The surface energy flux 
directly influences growth of the planetary boundary layer, as well as terrestrial and atmospheric 
moisture content, cloud formation and, consequently, precipitation patterns. The surface carbon dioxide 
flux and its relation to vegetation and soil processes is an important factor in the global carbon cycle, 
and consequently to climate change. To date, atmospheric models are lacking a sufficient accurate 
representation of precipitation, energy surface fluxes, boundary layer dynamics and CO2; the 
combination with soil hydrology introduces anomalies on the time scale of seasons 
 
The terrestrial hydrological balance serves as a lower boundary condition in atmospheric models. The 
complications to implement the lower boundary condition follow from 

1. the temporal, non-linear, dynamics of the processes underlying the hydrological balance  
2. the variability in spatial behaviour of these processes 
3. the interactions between atmospheric and land surface processes. 

Closing the hydrological balance for the area surrounding Cabauw implies measurement of spatial and 
temporal distributions of precipitation, soil moisture storage, evapotranspiration and discharge/seepage. 
Knowledge of the microstructure of precipitation (e.g. the dropsize distribution) is seen to be important 
information for quantifying the relevant processes. 
 
SCIENTIFIC APPROACH 
 
Several types of research can be distinguished: process studies, model evaluation, climate monitoring, 
and development of new observational techniques. For every objective, specific demands are put on the 
instrumentation, mode of operation and necessary infrastructure. 

1. Process and model evaluation studies 
For process and model evaluation studies it is crucial to observe all the relevant parameters. These will 
often be obtained during intensive observation periods: campaigns with a typical duration of a few 
weeks to several months.  

2. Monitoring 
The objective of monitoring is to establish the present state of the atmosphere and to detect long-term 
changes of the physical quantities. It requires observations over long time periods. It is planned to set 
up a climate-monitoring program for CESAR, involving many different instruments to measure the 
relevant parameters.  

3. Development of new observational techniques 
For  reliable observations, the accuracy and reliability of the used techniques have to be determined. 
The testing, evaluation and improvement of observational techniques can best be done at an 
experimental site where independent methods are available to measure the same parameters. New 
retrieval algorithms, based on the synergy of sensors, can be developed for the retrieval of physical 
parameters with improved accuracy. Through the unique combination of sensors, it may become 
feasible to determine parameters that otherwise cannot be obtained.  

4. Validation of satellite products 
Space-based monitoring of the atmosphere has been and will be important for the detection of global 
changes of climate and environment, as well as for accurate weather prediction and hydrological 
prediction of floods and droughts. Quality assessment of the data coming from these observational 
platforms can only be achieved with proper validation and calibration techniques.  The CESAR site 
offers excellent opportunities for this: the combination of in situ and remote sensing equipment will 
provide a comprehensive characterization of the atmospheric state that is necessary for this validation. 



IMPLEMENTATION OF CESAR 
 
The instruments at CESAR  
In Table 1 an overview is given of the instruments that are planned to be operated on the site.  
 

Table 1. Overview of the instruments that are planned at the CESAR site. 
Remote sensing 
instruments 

In-situ instruments 
measurement tower 

In-situ instruments 
ground based 

1 GHz wind profiler 
Ir-radiometer 
Ceilometer 
3 GHz radar 
35 GHz radar 
10 GHz radar 
94 GHz radar 
Non-scanning lidar 
Raman lidar 
Scanning lidar 
Microwave radiometer 
UV radiometer 
42 GHz beacon receiver 
GPS-receiver 
Scintillometer 
Pyranometer 

SJAC 
LAS-X 
Optical particle counter 
FSSP-95 
Nephelometer 
Sonic anemometer 
Infrared fluctuation meter 
Gas analyzer 
Aethalometer 
Sun photometer 
Humidograph 
Wind sensor 
Temperature sensor 

Rain gauges 
Disdrometer 
TDR 
Radiosonde 
Groundwater tubes 

 
The measurements at CESAR will be complemented by observations of large-scale phenomena with 
weather radar and satellite. 
 
MODES OF OPERATION 
 
Monitoring and process studies require different technical specifications of the equipment. Process 
studies usually encompass short-term experiments with the specifications of the equipment dedicated to 
details of the process under study. Process studies may also necessitate experiments during which the 
system specifications have to be changed. Monitoring puts other specific demands on the measurement 
equipment: Observations have to be made over long time periods without a change in system 
specifications; long-term stability is a key issue here. 
 
The equipment at the CESAR site can be distinguished into three categories: 

1. Monitoring equipment, that can be operated unattended over long periods 
2. Quasi-monitoring equipment:  state-of-the-art tools that require an operator during campaigns 

for process studies, but that can be left unattended during long term observations 
3. Process study equipment: state-of-the-art tools that require an operator during campaigns and 

can only be used for short campaigns 
 
The modus operandi for equipment in the quasi-monitoring mode entails observations during a fixed, 
well-defined percentage of time, for instance one week per month, leaving the remaining time for 
process studies. This will ensure a statistically reliable data set to study long-term trends, given that the 
observation time is long enough.  

CESAR YOUNG SCIENTISTS PROGRAM 
 
CESAR combines the expertise of universities and research institutes in The Netherlands. This 
expertise encompasses the whole field of atmospheric research: theory, experimental exploration, 
modeling, validation and, eventually, the application. This offers a unique chance for the training of 
young scientists, be it at the master, doctoral or post-doctoral level. Students from different universities 
with different backgrounds get the opportunity to collaborate in cutting edge projects and truly develop 
the appreciation for working in a multi-disciplinary environment. CESAR has the potential to become 
an attractive center for international young scientists to develop and deepen their skills. 



 
CONCLUDING REMARKS 
 
A central facility for experimental atmospheric research is very important for the scientific community 
in The Netherlands, but also internationally. There is a large demand originating from the climate 
research community for comprehensive observational sites which provide observations that can be used 
for climate monitoring and a better understanding of the most important but hardly understood 
unknown climate feedbacks. The CESAR site as described in this paper would fulfil these demands. It 
will be a unique observational site within Europe.  
 
CESAR will strengthen the atmospheric research community and function as a bridge between the 
universities and the research institutes. The exchange of ideas between scientists from different 
disciplines and backgrounds will deepen and broaden science practice in The Netherlands. 
Furthermore, the educational potential of CESAR offers unique opportunities to young scientists. A 
complete description can be downloaded from:   
 
http://irctr.et.tudelft.nl/projects/cesar/articles/cesar_project_plan.pdf 
 
 
Table 2. Overview of the physical phenomena that can be observed with the CESAR instruments. The 

indicated spatial scales are: medium scale (up to 10 km); large scale (up to hundreds km) 
 

(1): in case of the foreseen network configuration 

Instrument Physical quantity Sample area scale 
1 GHz wind profiler 3d  wind field 3-dimensional medium 
Ir-radiometer Intensity of infrared radiation Integrated column  
Ceilometer Cloud structure, cloud base Vertical profile medium 
3 GHz radar 3d wind field, microstructure of clouds, 

rain structure and boundary layer 
processes 

3-dimensional medium 

35 GHz radar Cloud geometry, microstructure Vertical profile medium 
10 GHz radar Cloud geometry, microstructure, rain Vertical profile medium 
94 GHz radar Cloud geometry, microstructure, aerosols Vertical profile medium 
Non-scanning lidar Aerosols, cloud structure Vertical profile medium 
Raman lidar Aerosol properties , Water vapor, cloud 

properties, Temperature 
Vertical profile medium 

Scanning lidar Aerosols Slant plane medium 
Microwave radiometer Liquid water path, Water vapour path 

temperature profile 
Integrated column 
Vertical profile 

 

UV radiometer Intensity of UV radiation Integrated column 
Slant path 

 

42 GHz Beacon receiver Cloud liquid water content Integrated column 
Slant path 

 

GPS-receiver Horizontal water vapour distribution 2-dimensional large 
Scintillometer Surface energy fluxes Horizontal path medium 
Pyranometer Radiation at several wavelengths Integrated hemisphere  
SJAC Aerosol size distribution point  
LAS-X Aerosol size distribution point  
Optical particle 
counter 

Aerosol size distribution point  

FSSP-95 Aerosols/mist size distribution point  
Nephelometer Light scattering point  
Sonic anemometer Temperature and wind turbulent flux point  
Infrared fluctuation meter H2O and CO2 turbulent flux point  
Gas analyzer CO2 concentration point  
Aethalometer Light absorption point  
Sun photometer Light intensity point  
Humidograph Humidity point  
Rain gauge Rain intensity point Medium (1) 
Disdrometer Rain dropsize distribution point  
TDR Soil moisture content point Medium (1) 
C-band weather 
radars 

Large scale structure of rain, wind 
profiles and (radial) wind fields 

3 dimensional Large 

Tethered balloon Temperature, humidity, wind direction 
and speed 

Vertical profile  

Radiosonde Temperature, humidity, wind direction 
and speed 

Vertical profile  


