
1 

 

Fiducial Reference Measurements for 
Ground-Based DOAS Air-Quality 

Observations 
 
 
 

 

ESA Contract No. 4000118181/16/I-EF 
 

 

 

 

 

 

 

 
 

Deliverable D13: 

Intercomparison Campaign            

Planning Document 
 

Date: 21/10/2016 

Version: 1.1 



2 

 

Contributing authors:  

F. Hendrick, G. Pinardi and M. Van Roozendael (BIRA-IASB) 
A. Apituley, A. Piters (KNMI) 
A. Richter (IUP-Bremen) 
T. Wagner (MPIC) 
K. Kreher (BK Scientific GmbH) 
U. Friess, J. Lampel (IUP-Heidelberg) 

 



3 

 

Table of contents 
1 Introduction ......................................................................................................................................................6 

2 Description of the CESAR site ...........................................................................................................................7 

3 Participating Instruments .................................................................................................................................9 

3.1 Static MAXDOAS and zenith-sky DOAS .....................................................................................................9 

3.2 Static Imaging-DOAS .............................................................................................................................. 11 

3.3 Long-Path DOAS (LP-DOAS) ................................................................................................................... 12 

3.4 Cavity-Enhanced DOAS (CE-DOAS) ........................................................................................................ 13 

3.5 In-situ analysers ..................................................................................................................................... 14 

3.5.1 Cavity Attenuated Phase Shift NO2 monitor (CAPS) ...................................................................... 14 

3.5.2 NO2 analysers ................................................................................................................................. 14 

3.5.3 NO2 sonde ...................................................................................................................................... 14 

3.5.4 O3 sonde ........................................................................................................................................ 14 

3.5.5 In-situ O3 monitor .......................................................................................................................... 14 

3.5.6 Nephelometer ............................................................................................................................... 15 

3.5.7 MAAP ............................................................................................................................................. 15 

3.5.8 SMPS .............................................................................................................................................. 15 

3.6 Mobile measurement systems .............................................................................................................. 16 

3.7 Sun-photometer, all-sky imager and aerosol Lidar systems ................................................................. 17 

3.7.1 Sun photometer ............................................................................................................................. 17 

3.7.2 All-sky imager ................................................................................................................................ 17 

3.7.3 Raman LIDAR CAELI ....................................................................................................................... 17 

3.7.4 Ceilometer ..................................................................................................................................... 17 

3.7.5 RIVM mobile NO2 LIDAR ................................................................................................................ 18 

4 Meteorological data ...................................................................................................................................... 18 

5 CAMS chemical forecast ................................................................................................................................ 18 

6 Regional air quality modelling ....................................................................................................................... 18 

7 Satellite data .................................................................................................................................................. 19 

8 Logistics ......................................................................................................................................................... 19 

8.1 Site Layout ............................................................................................................................................. 19 

8.2 Instrument location assignment ............................................................................................................ 23 

8.3 Internet .................................................................................................................................................. 25 

8.4 FTP Server .............................................................................................................................................. 25 



4 

 

8.5 Security .................................................................................................................................................. 26 

9 Additional ACTRIS-2 activities ........................................................................................................................ 26 

10 Campaign planning .................................................................................................................................... 26 

10.1 Schedule ................................................................................................................................................ 26 

10.2 Main campaign phases .......................................................................................................................... 28 

10.2.1 Installation ..................................................................................................................................... 28 

10.2.2 Warm-up phase ............................................................................................................................. 28 

10.2.3 Semi-blind intercomparison .......................................................................................................... 28 

10.2.4 Backup week/extra measurements ............................................................................................... 28 

11 The semi-blind intercomparison exercise ................................................................................................. 29 

11.1 Aim and purpose ................................................................................................................................... 29 

11.2 Participating instruments and intercomparison setup.......................................................................... 30 

11.3 Intercomparison setup .......................................................................................................................... 30 

11.4 Intercomparison campaign referee ....................................................................................................... 31 

11.5 Instrument characterisation .................................................................................................................. 31 

11.5.1 Time reference .............................................................................................................................. 32 

11.5.2 Solar angles calculation ................................................................................................................. 32 

11.5.3 Spectral stray-light test .................................................................................................................. 32 

11.5.4 Polarisation sensitivity test ............................................................................................................ 32 

11.5.5 Instrumental slit function characterization ................................................................................... 32 

11.5.6 Signal-to-noise ratio (SNR) determination .................................................................................... 33 

11.5.7 Detector linearity test .................................................................................................................... 33 

11.5.8 Dark signal and offset .................................................................................................................... 33 

11.5.9 Calibration of elevation viewing angle .......................................................................................... 33 

11.5.10 Calibration of azimuth viewing angle ........................................................................................ 35 

11.5.11 Field of view characterization.................................................................................................... 36 

11.6 MAXDOAS and zenith-DOAS data acquisition scheme .......................................................................... 36 

11.6.1 Twilight zenith observations .......................................................................................................... 37 

11.6.2 MAXDOAS and zenith-sky observations during daytime ............................................................... 37 

11.7 Target species and retrieval settings ..................................................................................................... 46 

11.8 Data reporting ....................................................................................................................................... 49 

11.9 Daily Briefings ........................................................................................................................................ 50 

11.10 Intercomparison protocols ................................................................................................................ 50 



5 

 

12 List of participants ..................................................................................................................................... 50 

13 Acknowledgements ................................................................................................................................... 53 

14 References ................................................................................................................................................. 53 

Appendix A: Technical characteristics of static MAXDOAS systems ..................................................................... 57 

Appendix B: Technical characteristics of the static Imaging-DOAS systems ......................................................... 91 

Appendix C: Technical characteristics of the mobile-DOAS systems .................................................................... 94 

Appendix D: Output file format description .......................................................................................................... 99 



 

6 

 

1 Introduction 
In 2009, about thirty in-situ and remote sensing instruments were intercompared as part of the Cabauw 
LƴǘŜǊŎƻƳǇŀǊƛǎƻƴ ŎŀƳǇŀƛƎƴ ŦƻǊ bƛǘǊƻƎŜƴ 5ƛƻȄƛŘŜ ƳŜŀǎǳǊƛƴƎ LƴǎǘǊǳƳŜƴǘǎ ό/Lb5Lύ ǿƘƛŎƘ ǘƻƻƪ ǇƭŀŎŜ ŀǘ YbaLΩǎ 
Cabauw Experimental Site for Atmospheric Research (CESAR) in the Netherlands. The main objectives of this 
field experiment were to determine the accuracy of ground-based remote sensing measurement techniques 
for the detection of atmospheric nitrogen dioxide, and to investigate their usability in satellite data validation. 
As a result, a large dataset of NO2, aerosols and other air pollution components were observed and 
documented in a number of peer-reviewed articles (Piters et al, 2012; Roscoe et al., 2010; Friess et al., 2016; 
Pinardi et al., 2013; Zieger et al., 2011; Irie et al., 2011), providing an assessment of the performance of 
ground-based remote sensing instruments for the measurement of NO2 and aerosol vertical profiles and 
tropospheric/total columns. Recommendations were issued regarding the operation and calibration of such 
instruments, retrieval settings, and observation strategies for the use in ground-based networks for air quality 
monitoring and satellite data validation. 

In the preparation of the Sentinel-5 Precursor validation, and seven years after the first CINDI campaign, a 
CINDI-2 campaign will be organized at the CESAR site between 25 August and 7 October 2016, with the target 
to intercompare an expanded new generation of ground-based remote-sensing and in-situ air quality 
instruments. The activity aims at characterising the differences between the measurement approaches and 
systems used within the overall DOAS community and to progress towards harmonisation of settings and 
methods for data acquisition and retrieval from similar but not identical systems of MAXDOAS type. Such an 
activity is essential to enable harmonised global validation of satellite missions focusing on air quality, such as 
the ESA Sentinel 4, 5 and 5P, and the future TEMPO and GEMS missions planned in the US and Korea 
respectively.  

CINDI-2 is a broad international activity supported by ESA and by the Dutch National Agency NSO, with part in-
kind support from KNMI. It builds on the experience gained during and after the first CINDI campaign as well as 
on several ongoing projects (e.g. ESA FRM4DOAS) aiming to improve the exploitation of MAXDOAS network 
data for satellite validation. CINDI-2 is also organised under the auspices of the Network for the Detection of 
Atmospheric Composition Change (NDACC). A successful participation in such formal instrument 
intercomparison campaign ensures the NDACC certification of new instruments and associated teams. 

The major science objectives of CINDI-2 can be summarised as follows: 

Objective 1: 
To assess the consistency of slant column measurements of several key target species (NO2, O3, O4 and 
HCHO) of relevance for the validation of S5P and the future ESA atmospheric Sentinels, through coordinated 
operation of a large number of DOAS and MAXDOAS instruments from all over the world. 

This objective will be met by organizing a two-week semi-blind intercomparison exercises involving 34 
MAXDOAS and 2 zenith-sky DOAS instruments. All participating groups will apply common data acquisition 
schemes (e.g. common pointing direction, same number and values of elevation angles, synchronised data 
acquisition) and spectral analysis settings. Both will be based on the experience gained during the previous 
CINDI-1 and MADCAT campaigns and on MAXDOAS harmonisation efforts carried out within the framework of 
the EC FP7 projects NORS and QA4ECV. Trace gas slant column densities will be collected and intercompared 
on a daily basis under the coordination of an independent campaign referee. The interpretation of the 
comparison results will benefit from additional observations and ancillary data collected during the campaign, 
in particular aerosol lidar, ceilometer, O3 and NO2 sondes, in-situ monitors, long-path DOAS as well as co-
located satellite and air quality model data. 
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Objective 2 
To study the relationship between remote-sensing column- and profile-measurements of NO2, HCHO and O3 
and reference in-situ concentration measurements of the same species. 

This objective will be addressed by comparing trace gas profiles derived from MAXDOAS slant column 
observations using various approaches (see e.g. Clémer et al., 2010; Friess et al., 2006; Ortega et al. (2015); 
Peters et al., 2012; Vlemmix et al., 2011; Wagner et al., 2011) to correlative profile measurements from sondes 
(NO2, O3), lidar (NO2) and LP-DOAS system (NO2, HCHO) as well as to near-surface concentrations from in-situ 
monitors operated in parallel at the CESAR site. The agreement between the different techniques will be 
assessed considering the known horizontal extent of the MAXDOAS observations, the characteristics of the 
emission sources around Cabauw and relevant meteorological parameters such as wind speed and direction. 
The established relationship between retrieved vertical profiles and surface concentration measurements will 
also be investigated in the context of the needs for satellite validation in support of air quality studies. 

For tropospheric O3, exploratory work on retrieval methodologies will be performed in order to better evaluate 
the information content of MAXDOAS as a new technique for routinely monitoring this species. 

Objective 3 
To investigate the horizontal representativeness of MAXDOAS measuring systems in view of their use for the 
validation of satellite tropospheric measurements featuring ground pixel sizes in the range of 25-50 km2. 

In order to meet this objective, 17 2D-MAXDOAS instruments with azimuthal scan capability will be operated 
during the campaign. O4 measurements will be used to determine the azimuth-dependent horizontal extent of 
the MAXDOAS observations. In addition, the horizontal distribution of the trace gas column and concentrations 
will be assessed through comparison with mobile-DOAS and bicycle-based NO2-sonde measurements regularly 
performed around Cabauw during the most intensive parts of the campaign. High resolution air quality model 
data will also be used in support of this study. 

2 Description of the CESAR site 
The Cabauw Experimental Site for Atmospheric Research (CESAR; 51.971°N, 4.927° E; 0.7m below sea level) is 
located in an extended and flat polder landscape in the direct proximity (<40 km) from the 4 largest cities of 
the Netherlands (see Figure 1).  
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Figure 1: Location of the Cabauw/CESAR site on a map of The Netherlands. Cabauw is a 
background site surrounded by 4 main Dutch cities: Utrecht, Amsterdam, The Hague and 
Rotterdam. 

 

This site, which has been used for the CINDI-1 campaign (see Piters et al., 2012), is chosen because of its 
unobstructed view close to the horizon, its large day-to-day variability in tropospheric nitrogen dioxide and 
aerosols enabling the sampling of a wide range of pollution conditions, the absence of local pollution sources, 
the 213 m research tower as depicted in Figure 4, from which the planetary boundary layer can be sampled at 
various altitudes, and the excellent local support. Although being a rural site, with only a few pollution sources 
nearby, the wider vicinity of Cabauw is densely populated, with the city of Utrecht and a dense highway grid 
within 25 km, so that the site experiences recurring pollution events such as from the daily morning and 
afternoon rush hours.  

In addition, Cabauw is influenced by the transport of air pollution from emission sources further away. The 
mean NO2 surface concentration in the Netherlands, as estimated from land use models, are represented in 
Figure 2. Northerly winds generally carry relatively clean air from the sea, but winds from any other direction 
are likely to result in the sampling of polluted air. For winds from the west to south-west, Cabauw is downwind 
ƻŦ wƻǘǘŜǊŘŀƳ όпл ƪƳύΣ 9ǳǊƻǇŜΩǎ ƭŀǊƎŜǎǘ ƘŀǊōƻǳǊ ŀƴŘ ƭƻŎŀǘƛƻƴ ƻŦ ǇŜǘǊƻŎƘŜƳƛŎŀƭ ǇƭŀƴǘǎΣ ŀƴŘ ƻŦ ǘƘŜ ¦YΦ LƴŦƭƻǿ 
from the south to south-east carries pollution from the southern parts of the Netherlands, Belgium, and the 
industrialized and densely populated German Ruhr area (140 to 190 km). 

For more information, visit the CESAR Observatory website: www.cesar-observatory.nl. The website includes 
an overview of active instrumentation: 
http://www.cesar-observatory.nl/index.php?pageID=2000 
and access to (near real time) quicklooks of data: 
http://www.cesar-observatory.nl/index.php?pageID=9000. 

 

Cabauw 

http://www.cesar-observatory.nl/
http://www.cesar-observatory.nl/index.php?pageID=2000
http://www.cesar-observatory.nl/index.php?pageID=9000
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Figure 2: Distribution of the estimated mean NO2 concentrations in the Netherlands for the year 
2001, based on land use regression models (Fischer et al., 2015). 

 

3 Participating Instruments  

3.1 Static MAXDOAS and zenith-sky DOAS 
Static MAXDOAS and zenith-sky DOAS (ZS-DOAS) systems will be intercompared as part of the semi-blind 
intercomparison exercise (see section  5.2.3). Table 1 presents an overview of the different systems which will 
all be installed on the Remote Sensing Site (RSS). The complete technical specifications of each instrument can 
be found in Appendix A of the present document. 

 
Table 1: List of MAXDOAS (1D and 2D) and ZS-DOAS spectrometers participating in the semi-blind intercomparison 
exercise. Columns denote: Institute, instrument type, instrument number, azimuthal scan/direct-sun capability, field of 
view, spectral range and resolution, coupling between telescope and spectrometer (F: multimode fibre, D: direct 
coupling), type of detector, detector temperature, power consumption. Instruments have been assigned a number for 
the campaign (third column). 

Institute Instrument Nr Az./DS 
Cap. 

FOV 
(°) 

Spectral 
Range 
(nm) 

Resol. 
(nm) 

Light 
Coupl. 

Det. 
type 

T (°C) Power 
(W) 

AIOFM 2D-MAXDOAS 
CINDI-
2.01 

y/n 0.2 290-380 0.35 
F          

(10 m) 
CCD -30 

300 
(220 V) 
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AMOIAP/IAPh 2-port DOAS 
CINDI-
2.02 

n/n 0.3 420-490 0.5 F CCD -40 1000 

AUTH PHAETHON 
CINDI-
2.03 

y/y 1 297-452 
0.34-
0.42 

F           
(10 m) 

CCD 5 
50 

(100-
240V) 

BIRA-IASB 2D-MAXDOAS 
CINDI-
2.04 

y/y 
 

<1 
 

300-400 0.6 F      
(10m) 

CCD -50 <1000 
(220 V) 400-560 1.0 CCD -50 

BLS 
Catadioptric 
telescope-

MARSB 

CINDI-
2.05 

n/n 
0.2-
1 

300-500 
(80 nm 
width) 

0.4 D CCD -40 
300 

(220 V) 

BOKU 2D-MAXDOAS 
CINDI-
2.06 

y/n 1 
Approx. 
406-579 

0.85 
F           

(25 m) 
CCD -30 

500-
1000 

(220 V) 

CAMS 
Mini-DOAS 
Hoffmann 

UV+Vis 

CINDI-
2.07 

n/n 0.8 292-447 0.6-0.8 D LinArr  
200  

(220 V) 

CINDI-
2.08 

n/n 0.8 399-712 0.6-0.8 D LinArr  
200  

(220 V) 

CHIBA-U 
CHIBA-U/MAX-

DOAS 
CINDI-
2.09 

n/n <1 310-515 0.4 
F 

(10 m) 
CCD 40 

<500 
(220 V) 

CSIC MAXDOAS 
CINDI-
2.10 

n/n 1 300-500 0.5 
F 

(10 m) 
CCD 20-25 

550   
(220 V) 

CU-Boulder 

2D-MAXDOAS 
CINDI-
2.11 

y/y 0.7 
327-470 0.7 F 

(25 m) 

CCD -30 380- 
785 

(220 V) 432-678 1.2 CCD -30 

1D-MAXDOAS 
CINDI-
2.12 

n/n 0.7 
300-466 0.77 

F 
(25 m) 

CCD -30 400- 
800 

(220 V) 
379-493 0.5 CCD 0 

DLR+USTC 
2D-EnviMeS 

(X2) 

CINDI-
2.13 

y/n 0.4 

300-460 0.6 
F 

(10 m) 

CCD 20 
<120 

(220 V) CINDI-
2.14 

450-600 0.6 CCD 20 

DWD MAXDOAS 
CINDI-
2.15 

y/n <1 307-436 0.6/0.7 F CCD -7 
450 

(220 V) 

IISER 
Mini-DOAS 

Hoffmann UV 
CINDI-
2.16 

n/n 0.7 317-466 1.0 D CCD 

<0 (if 
room 
t is 

~20) 

<100 
(220V) 

INTA 
RASAS-III 

MAXDOAS 
CINDI-
2.17 

y/n 1 
325-445 
or 400-

550 
0.55 

F 
(8 m) 

CCD 

~17 if 
room 
t° is 

22-23 

2350-
3450 

(220 V) 

IUP-Bremen 2D-MAXDOAS 
CINDI-
2.18 

y/n 1 
305-390 0.5 F      

(22m) 

CCD -35 500-
1000 

(220 V) 406-579 0.85 CCD -30 

IUP-
Heidelberg 

2D-EnviMeS 
CINDI-
2.19 

y/y <0.5 
296-459 0.6 F        

(10 m) 

CCD 0-40 20-120 
(220 V) 439-583 0.5 CCD 0-40 

1D compact 
MAXDOAS 

CINDI-
2.20 

n/n 0.3 
295-450 0.53 

D 
CCD 10-20 30     

(12 V) 430-565 0.74 CCD 10-20 

KNMI 
Mini-DOAS 
Hoffmann 

CINDI-
2.21 

n/n 0.45 290-433 0.6 n/a LinArr  
5     

(220 V) 
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UV+Vis CESAR-
2.22 

n/n 0.4 400-600 0.5 n/a LinArr  
5     

(220 V) 

PANDORA 
CINDI-
2.23 

y/y 
1.5-
2 

290-530 0.6 
F             

(10 m) 
CCD +20 

220 
(220 V) 

LATMOS 

SAOZ 
CINDI-
2.24 

n/n 10 270-640 1.3 D LinArr n/a 
500 

(220 V) 

Mini-SAOZ 
CINDI-
2.25 

n/n 8 270-820 0.7 
F      

(10m) 
CCD 

18-20 
AirCo 
room 

300 
(220 V) 

LuftBlick 
PANDORA-2S 

(x2) 

CINDI-
2.26 

y/y 

1.5 
(sky) 
2.8 

(sun) 

280-540 0.6 

F        
(10m) 

CCD 

15 
220 

(220 V) 
CINDI-
2.27 

400-900 1.1 CCD 

    

MPIC TubeMAXDOAS 
CINDI-
2.28 

n/n 1 316-474 0.6 
F        

(5m) 
CCD 10 

100 
(220 V) 

NIWA 

EnviMeS 
CINDI-
2.29 

n/n <0.5 
305-457 0.7 F        

(10m) 

CCD 20 120 
(220 V) 410-550 0.7 CCD 20 

ACTON275 
MAXDOAS 

CINDI-
2.30 

n/n 0.5 
290-363 0.6 F        

(12m) 

CCD -20 100 
(220 V) 400-460 0.6 CCD -20 

NASA 
PANDORA 

(x2) 

CINDI-
2.31 

y/y 1.5 285-530 0.6 
F             

(10 m) 
CCD +20 

220 
(220 V) CINDI-

2.32 

NUST Mini-DOAS 
CINDI-
2.33 

n/n 1.2 320-465 0.7 D CCD  
400 

(220V) 

TU-Delft 
Mini-DOAS 
Hoffmann  

CINDI-
2.34 

n/n 0.4 300-515 0.67 n/a LinArr  
5     

(220 V) 

U. Munich EnviMeS 
CINDI-
2.35 

y/n 0.4 
300-460 0.6 F        

(10m) 
CCD 20 <120 

(220 V) 450-600 0.6 CCD 20 

U. Toronto PEARL-GBS 
CINDI-
2.36 

y/y 0.62 300-500 0.4-0.5 
F            

(6 m) 
CCD -70 

2200 
(120V) 

____
 A strikethrough line indicates groups/instruments cancelled at a late stage in the campaign planning. 

 

3.2 Static Imaging-DOAS  
Table 2 presents an overview of the Imaging-DOAS systems which will be installed on the Remote Sensing Site 
(RSS). The complete technical specifications of each instrument can be found in Appendix B of the present 
document. 

 

Table 2: List of participating Imaging-DOAS spectrometers. Columns denote: Institute, instrument name, azimuthal 
scan/direct-sun capability, field of view, spectral range and resolution, coupling between telescope and spectrometer 
(F: multimode fibre, D: direct coupling), type of detector, detector temperature, power consumption. 

Institute Instrument Nr Az./DS 
Cap. 

FOV 
(°) 

Spectral 
Range 
(nm) 

Resol. 
(nm) 

Light 
Coupl. 

Det. 
type 

T 
(°C) 

Power 
(W) 
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IUP-
Bremen 

Imaging-DOAS 

CINDI-
2.37 

y/n 

50 
(vert.) 

1.2 
(hori.) 

To be 
decided 

~0.5 
F         

(15 m) 
CCD -30 

350-700 
(220 V) 

VTT-FMI 
Imaging 

spectrometer 

CINDI-
2.38 y/y 7  UV, Vis, Nir TBD D 

CCD, 
CMOS, 
InGaAs 

n/a 
100 W 
230 V 

____
 A strikethrough line indicates groups/instruments cancelled at a late stage in the campaign planning. 

3.3 Long-Path DOAS (LP-DOAS) 
[Instrument number CINDI-2.39] 

A LP-DOAS instrument will be operated by the University of Heidelberg during the campaign. The main purpose 
ƻŦ ǘƘŜǎŜ ƳŜŀǎǳǊŜƳŜƴǘǎ ƛǎ ǘƻ ǇǊƻǾƛŘŜ ΨǘǊǳŜΩ ǎǳǊŦŀŎŜ ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ ƻŦ ǘƘŜ /Lb5L-2 target trace gases averaged 
over a representative light path. The instrument will be located at ~3.8 km South-East of the tower and will 
point towards four retro-reflectors installed at different altitude levels on the CESAR tower (see Figure 3 and 
Figure 4). This configuration will allow to derive average concentrations at several altitudes between the 
surface and the top of the tower (213 m). 

 

Figure 3: Location of the LP-DOAS system (Cabauwsekade 95, 3411EG Lopik) and view from LP-DOAS position to 

the tower. 

 

The wavelength ranges used by the LP-DOAS system is: 290-370 nm, 390-470 nm, and 600-680 nm. In these 
spectral windows, the following trace gases can in principle be monitored: NO2, HCHO, HONO, SO2, O3, NO3, 
H2O, BrO, IO, CHOCHO and O4.  

The technical requirements for installing the instrument are the following: 

- 200 m of power cable (220 V);  

- Power should be stable, UPS is optional 

- Power meter for electricity bill 
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- Mobile internet 

- Air-conditioned container for instrument housing 
 
 

  

Figure 4: Position of the retro-reflectors on the tower (left) and view from top of the tower to LP-DOAS position (right). 

  

3.4 Cavity-Enhanced DOAS (CE-DOAS)  
[Instrument number CINDI-2.40] 

The ICAD (Iterative Cavity-DOAS)-instrument is operated by IUP HD in the basement of the meteorological 
tower. It based on the CE-DOAS technique described in (Platt et al., 2009). It uses the wavelength resolved NO2 
absorption along a light path of about 1.5km within an optical resonator cell in order to determine the NO2 
absorption. The specific absorption features in the blue wavelength range allow for an interference-free 
detection of NO2 and detection limits of less than 100ppt at 1 minute time resolution. The setup has an overall 
size of approximately 20x30x70cm3 and weights less than 10kg. The power consumption of typically less than 
20W and insensitivity to vibrations allow also mobile applications. It will operate from the sample line with 
inlet at 27m altitude, i.e. the one also used by the CAPS and NO2 analysers (see Sect. 3.5.1 and 3.5.2, 
respectively). 
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3.5 In-situ analysers 

3.5.1 Cavity Attenuated Phase Shift NO2 monitor (CAPS) 

[Instrument number CINDI-2.41] 

Two AS32M analyzers will be operated by BIRA-IASB at the tower, at 27 and 200m altitude. AS32M is a 
commercial instrument from Environnement SA which measures the volume mixing ratio of NO2 based on its 
absorption properties at 450 nm, following the Cavity Attenuated Phase Shift Spectroscopy (CAPS) technique 
(Kebabian et al., 2005). The measurement range is 0-1 ppm with a detection limit (2s) of 0.1 ppb. The system 
fits in a 3 unit 19 inch rack (591 mm x 483 mm x 133 mm) and weights 12.5 kg. The power consumption 
reaches 225 W at boot-up. 

3.5.2 NO2 analysers 

[Instrument number CINDI-2.42] 

NO2 is sampled three times per hour during 5 minutes from the sample line with inlets at 27, 60, 120 and 200 m 
altitude at the tower (also measuring CO2, CH4, N2O, CO). Ozone is also measured using this configuration. NO, 
NO2 are measured with a Teledyne API, model M200E with Photolytic converter and simultaneously with a 
molybdenium system. Ozone is measured with a Thermo 49i. The NO2 observations are a collaboration 
between ECN (Energy research Centre of the Netherlands) and RIVM (Dutch National Institute for Public Health 
and the Environment). 

3.5.3 NO2 sonde 

[Instrument number CINDI-2.43] 

NO2 sondes are experimental devices developed at KNMI. The measurement is based on the chemiluminescent 
reaction of NO2 in an aqueous luminol solution, which is optimised to be specific to NO2 (Sluis et al., 2010). The 
sonde is attached to a small meteorological balloon. It has a vertical resolution of 5m and a measurement 
range between 1 and 100 ppbv. The instrument weighs 0.7 kg. 
 
During the CINDI-2 campaign, one launch per day during the semi-blind intercomparison period is planned. 
Launch times are to be decided. 

3.5.4 O3 sonde 

[Instrument number CESAR.01 ] 

ECC ozone sondes are routinely launched from De Bilt (about 20 km distance from Cabauw) once per week. 
Additional soundings are possible on request. The ECC ozone sensor (Komhyr, 1969; Komhyr and Harris, 1971) 
is an electrochemical cell consisting of two half cells, made of Teflon, which serve as cathode and anode 
chamber, respectively. Both half cells contain a platinum mesh serving as electrodes. They are immersed in KI 
solution of different concentrations. The two chambers are linked together by an ion bridge in order to provide 
an ion pathway and to prevent mixing of the cathode and anode electrolytes. The ECC does not require an 
external electrical potential. The ECC gets its driving electromotive force from the difference in the 
concentration of the KI solution in the cathode and anode chamber. The electrical current is directly related to 
the uptake rate of ozone. The sonde is flown in a polystyrene protective box (source: Harris et al., 1998). 

3.5.5 In-situ O3 monitor 

[Instrument number CESAR.02] 
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An in-situ ozone analyser is sampling from  the same 4 altitudes as the NO2 analysers (see Sec. 3.5.2). In 
addition, an ozone analyser from the Dutch air quality monitoring network is operational 
(http://www.lml.rivm.nl/histo/index.php?stat=NL10644). The instrument is a Thermo 49i. 

3.5.6 Nephelometer 

[Instrument number CESAR.03] 

TNO continuously performs aerosol observations in the basement of the 
tower where air is sampled via a common inlet at 60 m.  

The inlet system consists of four parts: (a) PM10 size selective inlets (4 PM10 
heads), (b) a Nafion drying system that dries aerosol to or below 40% RH, (c) a 
60-m stainless steel pipe, and (d) a manifold that splits the flow to the suite of 
instruments. The manifold and the in-situ instruments are all located at the 
basement of the tower. The instruments sample their flow from the manifold 
using separate pumps to adjust the required flow for proper operation of the 
instruments.  

The total flow sustained in the 60-m inlet pipe is 60 lpm, for optimal operation of the PM10 inlets. 
Whenever an instrument is added or removed, the flows to the other instruments need to be checked 
and adjusted when needed. See also (Zieger, ACP, 2011). 

An integrating nephelometer (DryNeph, TSI Inc., Model 3563) is used for the (back-) scattering 
coefficient.  

To increase comparability between observations in (global) aerosol networks (WMO/GAW guidelines, 
2003) prescribe that sampled aerosol is dried to relative humidities below 40%. 

Note that aerosol optical properties, most notably the scattering coefficient, strongly increase with 
increasing relative humidity; thus drying frustrates comparison to aerosol optical properties measured 
at ambient conditions, e.g. re- motely sensed aerosol properties. 

3.5.7 MAAP 

[Instrument number CESAR.04] 

TNO continuously performs aerosol observations in the basement of the tower where air is sampled 
via a common inlet at 60 m. A multi-angle absorption photometer (MAAP, Thermo Scientific Inc., 
Model 5012) is used to quantify the aerosol absorption coefficient. See also remarks under Sec.3.5.6. 

3.5.8 SMPS 

[Instrument number CESAR.05] 

TNO continuously performs aerosol observations in the basement of the tower where air is sampled 
via a common inlet at 60 m. See also remarks under Sec.3.5.6. 

The SMPS (a modified TSI Inc., Model 3034) consists of a bipolar particle charger, a differential 
mobility analyzer (DMA) and a condensation particle counter (CPC). Particles are charged before they 
are classified in the DMA according to their electrical mobility diameter and are counted by the CPC. A 

http://www.lml.rivm.nl/histo/index.php?stat=NL10644
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correction for multiple charged particles is applied. Number size distributions in the diameter range 
between approximately 10 and 520 nm are recorded with a time resolution of 5 min.  

3.6 Mobile measurement systems  

Mobile measurements will be used to characterise the spatial variability of the measured trace gases 
around the CESAR site. These measurements will be performed using compact DOAS systems 
operated in cars, as well as using NO2 sondes installed on board of bicycles operated by KNMI. Figure 
5 shows the routes that can be accessed in the neighbourhood of the site. A full circle around Cabauw 
starting from Vianen and going through Gouda, Rotterdam, Dordrecht and back to Vianen 
corresponds to approximately 120 km in length.  

Table 3 presents an overview of the mobile-DOAS systems which will be deployed during CINDI-2. The 
complete technical specifications of these instruments can be found in Appendix C of the present 
document. 

 

Figure 5: Map of highways and local roads surrounding Cabauw. 

 

Table 3: List of participating Mobile-DOAS spectrometers. Columns denote: Institute, instrument name, field of view, 
spectral range and resolution, coupling between telescope and spectrometer (F: multimode fibre, D: direct coupling), 
type of detector, detector temperature, power consumption. 

Institute instrument Nr FOV 
(°) 

Spectral 
range (nm) 

Resol. 
(nm) 

Light 
coupl. 

Det. 
type 

T (°C) Power  

BIRA-IASB Aeromobil 
CINDI-
2.45 

2.5 270-500 1.15 F LinArr Ambient  

Cabauw 



 

17 

 

MPIC Car-DOAS 
CINDI-
2.46 

1.2 299-454 0.6 - 0.9 F CCD +5 200 W  

Uni. 
Galati 

Car-DOAS 
CINDI-
2.47 

1.2 280-550 0.7 F CCD Ambient  

IUP-
Bremen* 

IUP-Truck 
DOAS*  

CINDI-
2.48 

1 
286-419 0.55 

F 
CCD -35 10kVA, 32 

A (truck) 413-524 0.65 CCD -35 

*Will be used as a moveable static instrument 

 

3.7 Sun-photometer, all-sky imager and aerosol Lidar systems 

3.7.1 Sun photometer 

[Instrument number CESAR.06] 

At Cabauw a Cimel sunphotometer is installed that is part of AERONET: 

http://aeronet.gsfc.nasa.gov/new_web/photo_db/Cabauw.html 

and following the AERONET protocols the data is automatically uploaded to the data center: 
http://aeronet.gsfc.nasa.gov/cgi-
bin/type_one_station_opera_v2_new?site=Cabauw&nachal=0&year=24&aero_water=0&level=1. 

3.7.2 All-sky imager 

[Instrument number CESAR.07] 

The Total Sky Imager (TSI) operated by KNMI takes an image every minute of the sky in daytime projected on a 
ƘŜƳƛǎǇƘŜǊƛŎŀƭ ǎƘŀǇŜŘ ƳƛǊǊƻǊΦ ¢ƘŜ ŦǊŀŎǘƛƻƴǎ ƻŦ ΨǘƘƛƴΩ ŀƴŘ ΨƻǇŀǉǳŜΩ ŎƭƻǳŘǎ ŀǊŜ ŎŀƭŎǳƭŀǘŜŘ ōȅ ǘƘŜ ¢{L-processing 
based on the red-blue ratio of the pixels. TSI images are available at 
http://projects.knmi.nl/cloudnet/realtime/rt_img_tsi.html. 

Additional cloud cover information is obtained from a Nubiscope. Near real time information is available from 
http://projects.knmi.nl/cloudnet/realtime/rt_img_nubi.html. 

3.7.3 Raman LIDAR CAELI 

[Instrument number CESAR.08] 

The CESAR Water Vapor, Aerosol and Cloud Lidar (CAELI, Apituley et al., 2009) is a high-performance, multi-
wavelength Raman lidar, capable of providing round-the-clock measurements. The instrument is part of the 
European Aerosol Research Lidar Network (EARLINET), and provides 24 profiles of volume backscatter and 
extinction coefficients of aerosol particles, the depolarization ratio, and water-vapour-to-dry-air mixing ratio. A 
high-power Nd:YAG laser transmits pulses at 355, 532, and 1064 nm. Because a large telescope is essentially 
blind for lidar signals from close to the instrument, a second, small telescope is needed to cover the near range, 
in particular for measurements in the planetary boundary layer. 

Quicklooks of the observations are made available in near-real time: 

http://projects.knmi.nl/earlinet/quicklookpages/lidar/Cabauw/images/?year=2016 

3.7.4 Ceilometer 

[Instrument number CESAR.09] 

http://aeronet.gsfc.nasa.gov/new_web/photo_db/Cabauw.html
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Diurnal profiling of aerosol layers and cloud layers is obtained from a Lufft CHM15k Nimbus ceilometer. Data is 
not yet provided on-line, but is planned to have that established before CINDI-2. An automated detection 
algorithm is implemented for boundary layer height detection. 

3.7.5 RIVM mobile NO2 LIDAR 

[Instrument number CINDI-2.49] 

The RIVM mobile lidar will take part in CINDI-2 configured to measure nitrogen dioxide with elevation scanning 
and operating from a mobile truck provided vertical profiles of nitrogen dioxide at moderate resolution (Volten 
et al., 2009) The lidar will not be located at the remote sensing site, but at the parking lot at the main entrance 
to the Cabauw site, or close to the tower. The lidar will be deployed at Cabauw during a selected number of 
days during the semi-blind intercomparison period. 

4 Meteorological data 
A complete set of meteorological parameters are routinely measured at the Cabauw tower at 7 altitude levels 
(2, 10, 20, 40, 80, 140, and 200m). This includes: 

- Surface temperature and pressure,  

- wind speed and direction,  

- relative humidity,  

- cloud cover. 

Real time quicklooks of meteorological parameters obtained at various levels in the tower are available: 
http://www.cesar-observatory.nl/index.php?pageID=9000. 

In addition weather forecast information will be available on a daily basis or at higher frequency. Tailored 
meteorological model output will be provided through a password protected website, e.g. 
http://projects.knmi.nl/imau/ISPEX/, login: HIRLAM, pwd: H@rmoni3. This website will be updated. 

ECMWF will also provide through the ESA/EVDC database 24/48h forecast of T, U, V, RH on 100 and 850 hPa 
isobar/pressure levels, PV on 300 and 475 K isentrop level, and BLH. 
 

5 CAMS chemical forecast 
Low resolution global analysis and forecast of the atmospheric chemical composition are available from the 
Copernicus Atmospheric Monitoring Service (CAMS). CAMS output will be provided for CINDI-2 by H. Eskes 
(KNMI). Dedicated scripts will be written to make the data for Cabauw (and surroundings) available. The 
delivered CAMS data fields also include LOTOS-EUROS simulations. These simulations will be made available at 
http://www.tropomi.eu/science/cams-air-quality-forecasts-over-cabauw. 
 

6 Regional air quality modelling  
Output fields from regional and/or local air quality models might be available from Dutch colleagues. Further 
information still need to be collected.  

In addition, IUP-Bremen (LAMOS group) is evaluating the possibility to perform spatially high resolved air 
quality simulations, using the WRF-Chem model together with TNO-MACC3 (7 km resolution) and RIVM 
("emissieregistratie.nl", 1km resolution) emissions. 
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7 Satellite data 
Daily overpass NO2 and HCHO measurements from the OMI and GOME-2 B instruments will be made available 
for comparison and further analysis of the campaign results.  The NASA LaRC Satellite Overpass predictor tool 
available at http://cloudsgate2.larc.nasa.gov/cgi-bin/predict/predict.cgi will be used to generate overpass table 
of the nadir position of many satellites including Aura (OMI), NPP (VIIRS), Metop-A and -B (GOME-2). 
Instructions on how to use this tool will be provided by KNMI at http://www.tropomi.eu/science/forecast-
information. 
 

8 Logistics 

8.1 Site Layout 
Several areas can be distinguished on the Cabauw site: 

¶ The main facility is the tower with the main building. 

¶ The Remote sensing site 

¶ The Wind profiler site 

¶ The energy balance field 

¶ The North side of the station with air quality observations 

¶ Parking lot near the main gate 

Many instruments are installed permanently. The CINDI-2 instruments will be distributed over the site. 

Almost all MAXDOAS systems will be placed on the remote sensing site. To accommodate this, temporary 
containers or units will be rented. The layout of the remote sensing site is shown in Fig.6a and 6b. 

No parking is allowed at the Remote Sensing Site, other than for delivery and pick up of equipment and 
supplies. Parking will be provided near the main gate, either on the permanent parking lot, and/or a temporary 
parking. 

More information about local logistics can be found on the cindi-2 website : http://projects.knmi.nl/cindi-2 
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Figure 6a: Site layout of the Remote Sensing Site. Squares are 2x2 m
2
. The general viewing direction of the non-

scanning instruments will be to the top of the figure. 
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Figure 6b: Container layout on the Remote Sensing Site. 
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Figure 6c: General placement of CINDI-2 instrumentation at the CESAR site 

 

Ground floor 

For CINDI-2 a series of 12 containers (3m x 6m each) will be placed side by side on the remote sensing site as 
indicated in Fig.6a. Adjacent to those, three more units (3m x 6m each) will be linked together to form a 
meeting room. 

Access to the roof of the ground level units is via fixed staircases on either side of the row. A railing will be put 
around the roof for safety (required). The railing is about 1 m high and consists of 6 cm diameter aluminium 
tubes. The railing will be kept in place by concrete slabs. 

The roofs of the units consist of corrugated material that will be partially covered by board material to walk on. 
Instruments will be placed directly on the roof. 

All units housing instruments will be air-conditioned. And two tables and four chairs are provided for each unit 
(also if no instruments are placed). 
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For each unit used for instruments, instrument cables and fibers will be fed though the window facing the 
observation direction. A wooden panel will replace a window. For most units, a second window will provide 
daylight. 

Units on the ground floor that are not used for instruments will not be air-conditioned and can be used for 
storage and/or office space. 

Top level 

On top of the units on the ground floor, 7 units (3m x 6m each) will be placed over the length of the bottom 
layer. 

Access to the roof of the top level units is first via a fixed staircase on either side of the row on the ground floor 
and next via a ladder to the top level (one ladder for each unit). A railing will be put around the roof for safety 
(required). The railing is about 1 m high and consists of 6 cm diameter aluminium tubes. The railing will be kept 
in place by concrete slabs. 

The roof will be partially covered by plate material to walk on. Instruments will be placed directly on the roof. 

All units housing instruments will be air-conditioned. And two tables and four chairs are provided for each unit. 

For each unit on the top level, instrument cables and fibers will be fed though the window facing the 
observation direction. A wooden panel will replace the window. For most units, a second window will provide 
daylight. 

Instrument placement 

The instruments with fixed azimuth will be placed on the roof and (if needed) in front of the units on the 
ground floor. The azimuthal scanning instruments and imaging instruments will be placed on the roof of the 
top level units. 

During installation and break-up, lifting material will made available if needed. 

8.2 Instrument location assignment 
The instrument location assignment is given in the tables below. Note that the units are numbered right to left, 
according to the drawings in Fig.6. 

RS-site ground level Unit# Institute Instr.Number Instrument 

  0.1     Office/storage use 

1 0.2 AMOIAP/IA Ph CINDI-2.02 2-port DOAS 

2   BLS CINDI-2.05 Catadioptric telescope-MARSB 

        Airco 

  0.3     Office/storage use 

3 0.4 CAMS CINDI-2.07 Mini-DOAS Hoffmann UV+Vis (#1) 

4   CAMS CINDI-2.08 Mini-DOAS Hoffmann UV+Vis (#1) 

5   CHIBA-U CINDI-2.09 CHIBA-U/MAX-DOAS 

        Airco 

6  0.5 KNMI CINDI-2.21 Mini-DOAS n/n Hoffmann-UV+Vis (#3) 

7  KNMI CESAR-22 Mini-DOAS n/n Hoffmann-UV+Vis (#3) 

        Airco 

  0.6     Office/storage use 

8 0.7 CSIC CINDI-2.10 MAXDOAS 

9   CU-Boulder CINDI-2.12 1D-MAXDOAS 

10   NUST CINDI-2.33 Mini-DOAS 

        Airco 
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  0.8     Office/storage use 

11 0.9 LATMOS CINDI-2.24 SAOZ 

12   LATMOS CINDI-2.25 Mini-SAOZ 

13   MPIC CINDI-2.28 TubeMAXDOAS 

        Airco 

  0.10     Office/storage use 

14 0.11 NIWA CINDI-2.29 EnviMeS (#3) 

15   NIWA CINDI-2.30 ACTON275 MAXDOAS 

16  IISER CINDI-2.16 Mini-DOAS Hoffmann-UV (#2) 

        Airco 

  0.12     Office/storage use 

 

RS-site top  level Unit# Institute Instr.Number Instrument 

1 1.1 AIOFM CINDI-2.01 2D-MAXDOAS 

2   AUTH CINDI-2.03 PHAETHON 

3   INTA CINDI-2.17 RASAS-III MAXDOAS 

        Airco 

4 1.2 BIRA-IASB CINDI-2.04 2D-MAXDOAS 

5   IUP-Heidelberg CINDI-2.19 2D-EnviMeS (#2) 

        Airco 

6 1.3 DLR+USTC CINDI-2.13 2D-EnviMeS (#1) 

7   DLR+USTC CINDI-2.14 2D-EnviMeS (#2) 

8  U. Munich CINDI-2.35 2D-EnviMeS (#4) 

9  KNMI CESAR.23 PANDORA (#1) 

        Airco 

10 1.4 CU-Boulder CINDI-2.11 2D-MAXDOAS 

11   DWD CINDI-2.15 MAXDOAS 

        Airco 

12 1.5 IUP-Bremen CINDI-2.18 2D-MAXDOAS 

13   IUP-Bremen CINDI-2.37 Imaging DOAS 

14   BOKU CINDI-2.06 2D-MAXDOAS 

        Airco 

15 1.6 Luftblick CINDI-2.26 PANDORA-2S (#2) 

16   Luftblick CINDI-2.27 PANDORA-2S (#2) 

17   NASA CINDI-2.31 PANDORA (#3) 

18   NASA CINDI-2.32 PANDORA (#3) 

        Airco 

19   U. Toronto CINDI-2.36 PEARL-GBS 

19   VTT-FMI CINDI-2.38 Imaging Spectrometer 

        Airco 
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___
 A strikethrough line indicates groups/instruments cancelled at a late stage in the campaign planning. 

 

 
Main parking lot Institute PI name Instr.Number               

1   BIRA-IASB   CINDI-2.45 Aeromobil 

2   MPIC   CINDI-2.46 Car-DOAS 

3   Uni. Galati   CINDI-2.47 Car-DOAS 

4  KNMI  CESAR.08 Raman LIDAR CAELI 

 

Cabauwsekade 95, Lopik Institute PI name Instr.Number 

1   IUP-Heidelberg   CINDI-2.39 LP-DOAS 

 

8.3 Internet 

A dedicated microwave link operating at 5 GHz will be installed at the remote sensing site to provide internet 
access at 50 Mbit/sec. 

Wired network with fixed ip-addresses will be provided for computers controlling instruments. Wifi (dynamic 
adresses) will be made available for general use, e.g. email, browsing etc. 

8.4 FTP Server 
An FTP server will be available for upload and exchange of campaign data. 

Tower Unit# Institute Instr.Number Instrument 

1 ground floor RIVM CINDI-2.49 Mobile DIAL 

2 ground floor IUP-Bremen CINDI-2.48 IUP-Truck DOAS 

3 ~10 m IUP-Heidelberg CINDI-2.39.2 retroreflector 

4 ~50 m IUP-Heidelberg CINDI-2.39.3 retroreflector 

5 ~110 m IUP-Heidelberg CINDI-2.39.4 retroreflector 

6 ~213 m IUP-Heidelberg CINDI-2.43 
NO2 sonde preparation  
and ground station 

7 workshop/lab KNMI CINDI-2.40 CE-DOAS 

8 unk BIRA-IASB CINDI-2.41 CAPS 

9 27, 60, 120, 200m RIVM/ECN CINDI-2.42 NO2 analysers 

10 basement RIVM/ECN ACTRIS-JRA1.1 CAPS 

11 workshop/lab TNO - PSI ACTRIS-JRA1.2 SP2 

12 workshop/lab TNO - SP2 ACTRIS-JRA1.3 MAAP (CESAR.04) 

13 workshop/lab TNO ACTRIS-JRA1.4 MAAP (CESAR.04) 

14 workshop/lab TNO ACTRIS-JRA1.5 Aethalometer Dual Spot 

15 workshop/lab TNO ACTRIS-JRA1.6 Aethalometer AE31 

16 workshop/lab TNO ACTRIS-JRA1.7 EC/OC samplers 

17 basement TNO ACTRIS-JRA2.1 Windlidar 

18 outside ECN CINDI-2.49 Mobile DIAL 

19 27, 60, 120, 200m RIVM/ECN CESAR.02 O3 anlyser 

20 Basement/60m TNO CESAR.03 Nephelometer 

21 Basement TNO CESAR.05 SMPS 

22 outside TNO CESAR.06 Sun photometer (AERONET) 

23 outside KNMI CESAR.07 All-sky imager 

24 outside TNO CESAR.09 Ceilometer 
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A directory will be assigned to each participant (group), with read and write access for that participant only. 
Participants will not have read or write access to directories from other groups. 

A cindi-2 directory will be assigned to the referee, with write access for all participants, but without read access 
for the participants. In this way the (daily) campaign results can be submitted to the referee, while only the 
referee is able to see all the results. 

Furthermore, a cindi-2-share directory will be available for exchange of commonly accessible material. Access 
to this common directory is possible using the following: 

sftp guest @bbc.knmi.nl  

pwd: Gu3st  

directory: ./share /  

8.5 Security 

During the nighttime hours, between 21:00 and 07:00, a guard will be on-site for security. 

9 Additional ACTRIS-2 activities 
During the CINDI-2 campaign two additional activities from ACTRIS-2 (www.actris.eu) will take place. These 
are experiments for aerosol absorption measurements (ACTRIS-2 JRA1) and aerosol flux measurements 
(ACTRIS-2 JRA2). Additional instruments will be installed, mainly in the tower and will therefore not interfere 
with activities at the remote sensing site. The benefit from the additional aerosol measurements for CINDI-2 is 
that more background information is collected about aerosol optical properties, in particular aerosol optical 
absorption in the boundary layer (in-situ). For the aerosol flux measurements, detailed observations will be 
made for the vertical distribution and the dynamics of the aerosol (vertical) distribution. 
 

10 Campaign planning  

10.1 Schedule 

The overall schedule of the main campaign activities is represented in Figure 7. The site will be open 
for installation of the instruments on 25 August 2016, i.e. one week before the formal start of the 
campaign which is planned for 1st September 2016. From this time on, instruments should be ready 
for data acquisition. We plan for one full week of warm-up during which hardware and software 
adjustments as well as various calibrations will be performed.  

At the occasion of a Press Event planned to take place on 12 September, the semi-blind 
intercomparison exercise will be kicked off for 2 weeks of intensive coordinated measurements (see 
details in section 10.2). Upon necessity (e.g. due to persisting bad weather conditions during weeks 37 
and 38) an optional 1-week extension of the semi-blind exercise is planned in week 39 (26 Sep ς 2 
Oct). After that period the Cabauw site will remain open for one additional week during which 
interested groups might conduct specific experiments not performed during the semi-blind exercise.  

mailto:guest@bbc.knmi.nl
http://www.actris.eu/
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Figure 7: Schedule of the CINDI-2 campaign.  

Press 
event 
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10.2 Main campaign phases 

As already indicated, the campaign will include 4 main successive phases: installation, warm-up, semi-
blind intercomparison and extra measurements.  

10.2.1 Installation  

The installation of the instruments is planned to take place between 25 August and 1st September 
2016. During this period, no coordinated activity will take place. Each measurement team will bring 
and install their instrumentation on-site, perform all necessary adjustments and tests and interact 
with the local organisation team to fix possible issues and be ready to start the campaign in optimal 
conditions. Upon feasibility, some of the on-site calibration activities requested from the teams 
participating in the semi-blind intercomparison might already be started (see details in the CINDI-2 
measurement protocol document).  

10.2.2 Warm-up phase 

In the first 11 days of the formal campaign, starting on 1st September 2016, it is anticipated that most 
measurement systems will be operational. This period will be used for intercomparison protocol 
rehearsal (including adjustments if necessary) and continued calibration activities.  

Additional activities will also take place such as intercomparison of the various in-situ NO2 and HCHO 
analysers, test flights of the NO2 sonde, set-up of mobile systems and test of most adequate roads 
circuits, set-up of long-path and cavity-enhanced systems, preparation of all ancillary data, etc.  

10.2.3 Semi-blind intercomparison 

The semi-blind intercomparison of the MAXDOAS instruments will take place during two weeks from 
12 to 25 September 2016. Details on the organisation of this exercise are given in the next section and 
in a separate Semi-blind Intercomparison Protocol document.  

10.2.4 Backup week/extra measurements 

An additional (backup) week is reserved for a possible extension of the semi-blind intercomparison in 
case of major instrumental issues or persisting bad weather conditions during the formal 2-weeks 
period. If the original schedule is maintained, this extra-week and the following one (first week of 
October) will be used to explore more specifically additional science topics such as, e.g. 

- Focused measurements of other gases (e.g. CHOCHO, HONO)  

- Setup of specific experiments that could contribute to better interpretation of the remote-

sensing measurements in combination with other measurement system available on site, etc. 
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11 The semi-blind intercomparison exercise 

11.1 Aim and purpose 

Passive UV-visible spectrometry using scattered sunlight as a source provides one of the simplest 
methods for routine remote sensing of atmospheric trace gases from the ground. While zenith-sky 
measurements have been used for decades to monitor stratospheric gases such NO2, O3, BrO and 
OClO, observations of the sky at several elevations between horizon and zenith using the so-called 
Multiple Axis or MAXDOAS method allow to derive vertically resolved information on tropospheric 
species and aerosols (e.g. Hönninger and Platt, 2002; Wagner et al., 2004; Friess et al., 2006). The 
number of MAXDOAS-type instruments deployed world-wide has grown considerably in recent years. 
This increasing use of MAXDOAS instruments for tropospheric observations, together with the 
diversity of their designs and operation protocols, has created the need for formal intercomparisons 
including as many different instruments as possible. The first CINDI intercomparison campaign was 
organised in 2009 under the auspices of ESA, NDACC and the EU GEOMON project to provide an 
assessment of the status of the capabilities for NO2 monitoring. This resulted in the first successful 
large scale intercomparison of both MAXDOAS and zenith-sky ground-based remote sensors of NO2 
(Roscoe et al., 2010).  

Seven years following CINDI, the CINDI-2 campaign has the target to intercompare a new and 
extended generation of ground-based remote-sensing and in-situ air quality instruments. The interest 
of ESA for such Intercalibration activities is stimulated by the ongoing development of several UV-
Visible space missions targeting air quality monitoring such as the Copernicus Sentinel 5 Precursor 
instrument to be launched in late 2016 and the future ESA Copernicus Sentinel 4 and 5 at the horizon 
2020. The validation of measurements from such space missions is essential and requires appropriate 
dedicated ground-truth measurement systems. Because tropospheric measurements from space-
borne nadir UV-visible sensors show little or no vertical discrimination and inherently provide 
measurements of the total tropospheric amount, surface in-situ measurements are generally 
unsuitable for validation. Instead, validation demands a technique that can deliver column-integrated 
information on the key tropospheric species measured by satellite instruments such as NO2, HCHO, O3 
and SO2 with a horizontal representativeness compatible with the resolution of space measurements 
(typically 8x8 km2 for the Sentinels). 

The aim of the CINDI-2 semi-blind intercomparison is to characterise the differences between a large 
number of measurement systems and approaches and to contribute to a harmonisation of the 
measurement settings and retrieval methods for similar systems of the MAXDOAS type. Following the 
precedent set by Roscoe et al. (1999), Vandaele et al. (2005) and Roscoe et al. (2010), the adopted 
intercomparison protocol is semi-blind, i.e.: 

a) Measurement and analysis results from the previous day have to be provided to the campaign 

referee in early morning. At a daily meeting in the early afternoon, slant columns measured 

during the previous day are displayed without assignment to the different instruments. 

b) The referee notifies instrument representatives if there is an obvious error so that this can be 

corrected for the rest of the campaign. 
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c) At the end of the formal campaign, plots have instrument names attached, and plots of mean 

differences from one selected reference instrument or an average of several selected 

reference instruments are discussed. 

d) After the end of the formal campaign time, revisions are only accepted where full details of 

the reasons for changes are supplied. 

More details on the data policy and intercomparison protocol are given in the FRM4DOAS Deliverable 
D14 (Campaign Data Protocol). 

11.2 Participating instruments and intercomparison setup 

The groups and instruments which have been registered for participation in the semi-blind 
intercomparison exercise are listed in Table 1. In total 36 instruments from 26 different organisations  
and 17 countries will be accommodated on the site. Among these instruments, 19 will be two-
dimensional MAXDOAS systems allowing for scans in both elevation and azimuth, 15 will be one-
dimensional MAXDOAS systems performing elevation scans in one fixed azimuthal direction, and the 
last 2 instruments will be simple zenith-sky DOAS systems. 

11.3 Intercomparison setup 

Because the tropospheric species under focus for this intercomparison (in particular NO2, but also 
aerosols and HCHO) can feature fast changing concentrations in both space and time, it is essential to 
setup the measurement systems in such a way that they all sample the same air masses at the same 
time. For this reason, all the instruments participating in the intercomparison will be installed on the 
CESAR remote-sensing platform (see Figure 8) making use of containers which will be organised in the 
most compact way. Considering the large number of systems that need to be accommodated, we plan 
to deploy two rows of containers. The first row will be similar to the one deployed during CINDI-1 (see 
Figure 8) and will be used to host the 1D-MAXDOAS and the zenith-sky systems. The second row will 
be deployed on the other side of the platform and will consist of stacked double-containers high 
enough to exceed the height of the grove of trees visible on the left side of Figure 8. The 2D-
MAXDOAS systems will be installed on the top of these containers allowing for more flexibility on the 
azimuth scan settings and avoiding any risk of interference with the 1D systems.  

All the 1D-MAXDOAS instruments will use the same azimuth viewing direction of 287° (i.e. WNW, 
N=0), which was already used during CINDI-1. This direction will also be one of the azimuth directions 
used by the 2D MAXDOAS systems. More details on the synchronisation of the instruments are given 
below in section 11.6.) 
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Figure 8: Aerial picture of the CESAR remote-sensing site, as configured during the CINDI-1 campaign in 2009. DOAS and 
MAXDOAS systems were installed on the roof or in front of the 5 white containers. 

11.4 Intercomparison campaign referee 

The formal intercomparison exercise will be coordinated by Karin Kreher (BK Scientific GmbH) assisted 
by Ermioni Dimitropoulou (BIRA-IASB/AUTH). Karin Kreher has more than 20 years of research 
experience working with UV-Visible remote-sensing of the atmospheric composition. She has been 
acting as co-chair of the NDACC UV-Vis working group for about 10 years and was involved as 
participant in all the recent NDACC Intercomparison exercises. In particular she was part of the CINDI-
1 campaign in 2009. Therefore she has the adequate experience and knowledge to coordinate the 
CINDI-2 semi-blind intercomparison. 

Her role as referee will be to interface with the different participating groups, to organise the daily 
data collection, to manage and chair the daily intercomparison campaign workshops with the support 
of her assistant for assembling and plotting the measurement data, to provide daily summaries of the 
campaign progress and, after the campaign, to coordinate the writing of a peer-review publication on 
the intercomparison results. 

11.5 Instrument characterisation 

Before starting the formal intercomparison campaign, all the participating teams will be asked to 
perform specific tests and to provide complete information on the specifications of their 
instrument(s). Most of the required calibrations and instrument tests will be possible on site during 
the installation and warm-up phases. This information will be collected by the campaign referee and 
used in support of the interpretation of the measurement results. The calibration procedures 
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