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CALIBRATION AT THE CABAUW EXPERIMENTAL 
SITE FOR ATMOSPHERIC RESEARCH 
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Upper tropospheric water vapour plays a key role on the global radiation budget, however, accomplishing reliable 
data at that altitude remains a challenge due to its low concentrations and location. Caeli, the multiwavelegth Raman 

lidar located in Cabauw, offers the possibility to study water vapour concentrations with high resolution in time and 
vertical dimension by means of Raman lidar technique for water vapour, but an external source for calibration is 

required. Operational radiosondes, routinely launched in De Bilt, are used for this purpose. Differences in space and 
time between the observations influence the consistency and quality of the calibration. Raman lidar humidity data 

obtained by sonde calibration were compared to in-situ humidity measurements from the tall tower in Cabauw. The 
results point out a good agreement between lidar data and tower data. 

Contact information: Arnoud 
Apituley (apituley@knmi.nl).Royal 
Netherlands Meteorological 
Institute (KNMI), the Netherlands. 

2.   Instruments 
 
•  Caeli is the CESAR water vapour, aerosol and cloud lidar and is set up as a multiwavelength Raman 

lidar. The system emits at 1064, 532 and 355 nm and detects those, and the N2 Raman lines at 607 
and 387 nm and the water vapour Raman line at 407 nm.  

•  In-situ air and dewpoint temperatures, are measured at seven levels. T-air is measured with a KNMI 
PT500-element and T-d is measured with a Vaisala HMP243 heated relative humidity sensor with a 
metal filter in a separate unventilated hut.  

•  Radiosondes (RS92) are launched daily at 00 and 12 UTC from the KNMI main location in De Bilt 
about 20 km East of the lidar location. 

You can 
download this 

poster: 

1.   Experiment 
 
•  A number of 22 observations were selected with near simultaneous lidar and radio soundings during 

nighttime, under clear atmospheric conditions. 
•  The lidar data were calibrated against the De Bilt radio sondes between 2 and 6 km altitude. 
•  The humidity from the sonde-calibrated lidar profile around 200 m were plotted on the tall tower 

humidity data from the 200 m level. 

 Lidar/sonde and tower humidity profiles compare favourably at the 200 m level. This is not trivial, since most lidars have an incomplete overlap at close range. 

From EARLINET quality assurance procedures it is known that the Caeli near-range telescope has a full overlap range for 355, 387 and 407 nm starting at about 
500 m. However, due to the optical design of the instrument, near-identical optical paths exist in the receiver for the signals related to the same emitted 

wavelength. Since the lidar mixing ratio is obtained from the ratio of the 407 and 387 nm signals, overlap functions of both signals cancel largely at 200 m agl as 
depicted in Fig.2 and 3. On another note, the lidar mixing ratio error bars are underestimated given the fact that only statistic errors have been taken into account, 

and propagated errors from the sonde were not included yet, although they are available in the GRUAN RS92 data product.  Finally, results also reveal that mixing 
ratio measurements by lidar can be obtained consistently over time.  A full analysis of the data and error estimation is still ongoing. 

 
 4.   Conclusion 

Raman lidar humidity data with sonde calibration compare favourably with in-situ humidity measurements from the tall tower in Cabauw. 
Geometrical effects in the lidar receiver seem to cancel almost completely. Although a full analysis of all available data is not yet complete, it seems 
long term consistency checks of the lidar humidity calibration using the in situ tower data that are well collocated and synchronised with the lidar 
are useful. 

CESAR Science Day, 19 June. 2013, De Bilt 

3.   Results and discussion 
 Nº of observations Date Time (UTC)

1 28/03/2011 18:30-19:30
2 07/04/2011 18:40-19:40
3 18/04/2011 19:00-20:00
4 02/05/2011 20:00-21:10
5 09/05/2011 19:30-21:10
6 30/05/2011 16:30-18:30
7 02/06/2011 20:20-21:40
8 27/06/2011 19:30-22:00
9 30/06/2011 19:30-22:00
10 04/07/2011 19:00-21:30
11 01/08/2011 19:00-21:10
12 15/08/2011 18:10-21:00
13 16/01/2012 18:40-20:20
14 02/02/2012 18:20-20:20
15 06/02/2012 18:00-19:30
16 20/02/2012 18:30-20:40
17 19/03/2012 20:00-22:00
18 22/03/2012 19:30-21:40
19 26/03/2012 19:50-21:00
20 21/05/2012 20:20-21:00
21 24/05/2012 20:20-21:30
22 18/04/2013 20:00-20:30

Figure 1. Lidar and sonde data example for 2 May 
2011. 

Table 1. Lidar measurements. 

Figure 2. Mixing ratio measurements obtained by lidar and tower at 
200m agl. 

Figure 3. Linear regression analysis between lidar and tower 
mixing ratio observations at 200 m agl. 
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Water vapour mixing ratio Far Field
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Campaign Weather
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Vertical Profile Overview



Vertical Profile Overview – Interesting Cases

21/09/2019
• Clear sky
• Thin isolated 

aerosol layer (at 
1.5 km)

• Lowest AOD 
(AERONET)
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GRUAN Site Certification, Dec. 2014 Cabauw/De Bilt, The Netherlands 
 

increasing data storage capacity allowed the operation of much larger observational programmes, so that 
new and challenging research themes could be tackled. Cooperation with other research institutes and 
with universities led to the establishment of CESAR (Cabauw Experimental Site for Atmospheric Re-
search) in 2002. CESAR has developed into a high-tech observatory with a strong international orienta-
tion and now plays a role in various research programmes and networks on regional and global scale. 
The measurement programme comprises the physical and chemical aspects of the entire atmospheric 
column and its interaction with the earth surface. 
 
On October 26, 2012, the 40 year jubilee of the Cabauw Observatory was celebrated. A report, describing 
the history of the site and highlights of technological developments and scientific results can be down-
loaded. 

1.2 Site Characteristics 
The site offered to GRUAN is a distributed site, as is shown in Fig. 2. De Bilt is the oldest site, where sur-
face measurements are made and sondes are launched. In Cabauw, surface measurements are also 
made, but here the measurement suite covers the entire atmospheric column with in-situ tower, column 
integrated remote sensing and vertically resolved active and passive remote sensing measurements. 
 
The Cabauw site is located in the western part of the Netherlands (51.971° N, 4.927° E) in a polder 0.7 m 

 
Figure 2 - Location of the site 
Top left: Map of the Netherlands with the GRUAN locations De Bilt and Cabauw indicated. Top right: 
Closer detail of the distributed site. The distance between the main location and the tower in Cabauw is 
about 22 km. Lower left: location of some of the instrumentation relevant to GRUAN in Cabauw. Instru-
ments indicated are: WP (wind profiler), BSRN (baseline surface radiation network), Sunphotometer for 
AERONET (Aerosol robotic network), MWR (microwave radiometer), GNSS receiver, RL (Raman Lidar). 
Lower right: location of some of the instrumentation in De Bilt. Instruments indicated are: RS (radio 
sonde), Brewer. See also: Cabauw instruments 
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2011. 

Table 1. Lidar measurements. 

Figure 2. Mixing ratio measurements obtained by lidar and tower at 
200m agl. 

Figure 3. Linear regression analysis between lidar and tower 
mixing ratio observations at 200 m agl. 
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• Lidar profile are 
calibrated to nearby 
sonde
• Tower in-situ 

measurements can be 
used to check and 
track calibration –
high accuracy
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temporal averaging 
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Water Vapor Mixing Ratio – High Resolution Field
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Detailed humidity 
structure even in daytime 
in the boundary layer

Tropospheric profile for 
model assimilation
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hygroscopicity and
growth 

water vapor concentration 
as a tracer for quantitative 
measurement of 
entrainment in the PBL

Information for latent heat 
fluxes 



Conclusions and Outlook

• Caeli provides high temporal and spatial resolution vertical profile aerosol 
and humidity. 
• Boundary layer profiles can be measured day and night
• Full tropospheric coverage at night (nautical twilight and darker)
• Ongoing aerosol analysis

• application in study for aerosol property modeling
• COVID-19 campaign.

• Data availability
• Quality controlled Aerosol profile data available through ACTRIS (www.actris.eu)
• Quality controlled Water vapor profile data will be made available through GRUAN 

(www.gruan.org)
• Tailored data, e.g. time resolution, cloud filtering, upon request

http://www.actris.eu/
http://www.gruan.org/

