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1 Il ntroduction

In 2009, about thirty irsitu and remote sensing instruments were intercompared as part of the Cabauw
LYGdSNO2YLI NAaz2y OF YLI ATy F2NJ bAGNRISY 5A2EARS YS! &
CabauwExperimental Site for Atmospheric Research (CESAR) in the Netherlands. The main objectives of this
field experiment were to determine the accuracy of grothesed remote sensing measurement techniques

for the detection of atmospheric nitrogen dioxide, atalinvestigate their usability in satellite data validation.

As a result, a large dataset of NCaerosols and other air pollution components were observed and
documented in a number of pegeviewed articles (Piters et al, 2012; Roscoe et al., 2010;sFeteal., 2016;

Pinardi et al., 2013; Zieger et al., 2011, Irie et al., 2011), providing an assessment of the performance of
groundbased remote sensing instruments for the measurement of, M@ aerosol vertical profiles and
tropospheric/total columns. Remmmendations were issued regarding the operation and calibration of such
instruments, retrieval settings, and observation strategies for the use in grbasdd networks for air quality
monitoring and satellite data validation.

In the preparation of the éhtinel5 Precursor validation, and seven years after the first CINDI campaign, a
CINDA2 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 grotvased remotesensing and irsitu 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 aagjsition 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 TEMRDGHEMS missions planned in the US and Korea
respectively.

CIND12 is a broad international activity supported by ESA anthéyutch National AgenddSQ with part in

kind support from KNMIIt builds on the experience gained during and after ih& CINDI campaign as well as

on several ongoing projeci®.g. ESAFRMDOASRIming to improve the exploitation of MAXDOAS network
data for satellite validationCINDA2 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 CIMan be summarised as fols:

Objective 1:

To assess the consistency of slant column measurements of several key target specie®{N@ and

HCHO) of relevance for the validation of S5P and the future ESA atmospheric Sentinels, through coordinated
operation of a large number bDOAS and MAXDOAS instruments from all over the world.

This objective will be met by organizing a tweek semiblind intercomparison exercises involving 34
MAXDOAS and 2 zenighy DOAS instruments. All participating groups will apply common data dioquisi
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
CINDA1 and MADCAT campaigns and on @®AS harmonisation efforts carried out within the framework of

the EC FP7 projects NORS and QA4ECYV. Trace gas slant column densities will be collected and intercomparec
on a daily basis under the coordination of an independent campaign referee. The @ttgrpn of the
comparison results will benefit from additional observations and ancillary data collected during the campaign,

in particular aerosol lidar, ceilometer,;@nd NQ sondes, irsitu monitors, longpath DOAS as well as-co

located satellite andiaquality model data.



Objective 2
To study the relationship between remotsensing columnand profilemeasurements of N9 HCHO and O
and reference irsitu 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;dNer et al., 2011) to correlatiyerofile measurement$rom sondes

(NQ, O), lidar(NG,)) and LPDOAS systerfNQ,, HCHO®@s well as to neasurface concentrations from 4gitu

monitors operated in parallel at the CESAR site. The agreement betweenfiber 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 rationship 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 ¢) exploratory work on retrieval methadogies 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 ofitiecior the
validation of satellite tropospheric measurements featuring ground pixel sizes in the range &@8nt.

In order to meet this objective, 17 2RMAXDOAS instruments with azimuthal scan capability will be operated
during the campaign. Oneasuranents will be used to determine the azimutlependent horizontal extent of

the MAXDOAS observations. In addition, the horizontal distribution of the trace gas column and concentrations
will be assessed through comparison with molii®AS and bicycleasedNO-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) i
located in an extended and flat polder landscape in the direct proximity (<40 km) from the 4 largest cities of
the Netherlands (seEigurel).



A0 |
Haarlem Akterd
- steraam
Almere Hal
Amstelveen
El
Lisse A4 AT
(A %2
Leiden Amersfoort
Alphen aan Barne
den.Rijn -
Utrecht .
1
The Hague 2 a2 AlZ
£ Nieuwegein
o A Delft Gouda @ qweg
00K O
Holland CabaUV\l
A Rotterdam
Brielle Tiol—wes'
Spijkenisse | AT6 =0
Ouddorp . Dordrecht A
’Z’%

Figure1: Location of the Cabauw/CESAR site on a map of The Netherlands. Cabauw is a
background sitesurrounded by 4 main Dutch cities: Utrecht, Amsterdam, The Hague and
Rotterdam.

This site, which has been used for the CHiBaAmpaign (see Piters et al., 2012), is chosen because of its
unobstructed view close to the horizon, its large dayday variility 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 depictedRigure4, from which the planetary boundary layer can be sampled at
various altitudes, and the excellent local support. Although being a rural site, with only@ofesion sources
nearby, thewider vicinity of Cabauw is densely populatedth 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 rushhours

In addition, Cabauw isifluenced by the transport of air pollution from emission sources further away. The
mean NQ surface concentration in the Netherlands, as estimated from land use models, are represented in
Figure2. 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 swett, Cabaw is downwind

2F wW200SNRIFY onn 1Y0Z 9dzNRPLISQA fFNBSad KIFNb2dzNJ | YR
from the south to soutkeast carries pollution from the southern parts of the Netherlands, Belgium, and the
industrialized and densefopulated German Ruhr area (140 to 190 km).

For more information, visit the CESAR Observatory wehsitev.cesarobservatory.nl The website includes
an overview of active instrumentation:

http://www.cesar-observatory.nl/index.php?pagelD=2000

and access to (near real time) quicklooks of data:
http://www.cesar-observatory.nl/index.php?pagelD=9000
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Figure 2: Distribution of the estimated mean N©concentrations in the Netherlands for the year
2001, based on land use regression modelsdifés et al., 2015).

3 Participatengslinstrum

3.1  Static MAXDOAS and zenith-sky DOAS

Static MAXDOAS and zengtky DOAS (AF0AS) systems will be intercompared as part of the dxima
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) andXSAS spectrometers particgling in the semiblind intercomparison
exercise. Columns denote: Institute, instrument type, instrument number, azimuthal scan/dirgat capability, field of
view, spectral range and resolution, coupling between telescope and spectrometer (F: multimdhoie,fD: 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 | FOV | Spectral | Resol. | Light | Det. | T (°C)| Power
Cap. ) Range | (nm) | Coupl.| type (W)
(nm)
CINDi F 300
AIOFM 2D-MAXDOAS 201 y/n 0.2 | 290380 | 0.35 (10 m) CCcD| -30 (220 V)
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CINDA

AMOIAP/IAPh|  2-port DOAS |, o n/n 0.3 | 420490 | 05 F ccD| -40 | 1000
CIND! 0.34 F 50
AUTH PHAETHON yly 1 | 207452 | = ccD| 5 (100
2.03 0.42 | (10 m)
240V)
CIND! yly <1 | 300400 | 06 F CCD| 50 | <1000
BIRAIASB | 2DMAXDOAS |, 1, 400560 | 1.0 | (10m)| CCD| -50 | (220V)
Catadioptric 300500
BLS telescope C2|l\(1)[5)4 n/n 0'12' (80nm | 0.4 D CCD | -40 (232%0\/)
MARSB : width)
CINDA Approx F 500
BOKU 2DMAXDOAS | =, < y/n 1| 406579 | 085 | (25 m)| CCD| 30 | 1000
(220 V)
Mini-DOAS CINDI n/n 0.8 | 292447 | 0.60.8 D LinArr 200
2.07 (220 V)
CAMS Hoffmann CINDI 200
UV+Vis 208 n/n 0.8 | 399712 | 0.60.8 D LinArr (220 V)
CHIBAU/MAX | CINDI F <500
CHIBAU DOAS 500 n/n <L | 310515 | 04 | (0 | CCD| 40 | o0\,
CIND! F 550
csic MAXDOAS 510 n/n 1 | 300500 | 05 | ;| CCD| 2025 | o0,
327470 | 0.7 ccb| 30 | 380
2D-MAXDOAS C;'\i'i* yly | 07 25F 785
CUBoud : 432678 | 1.2 |@5M| ccp| 30 | (220v)
UBoulder CIND: 300466 | 0.77 - | cCD| -30 | 400
1D-MAXDOAS n/n 0.7 800
2.12 379493 | 05 |(25m)| ccD| o (220 V)
DEMIMES Cz"\i? 300460 | 0.6 - ceD| 20 | _ o
DLR+USTC &‘2") € o] ym | o4 (10 m) 220V)
> 14 450600 | 0.6 CCD| 20
CIND 450
DWD MAXDOAS Py yin <1 | 307436 |06/07| F | ccp| = 220
<0 (if
Mini-DOAS CIND{ room <100
IISER Hofmarm UV | .16 n/n 0.7 | 317466 | 1.0 D cep | s | 220)
~20)
~17f
325445 2350
INTA RASASI CINDI T o 1 | or400 | 055 F | cep| ™M | 3450
MAXDOAS 217 e (8 m) tis | o0v)
2223
CINDI 305390 | 0.5 F | cco| -3 | 500
IURBremen 2D-MAXDOAS > y/n 1 22 1000
18 406579 | 0.85 | (22M) | ccp| -30 | (220v)
. CIND! 296459 | 0.6 F CCD| 040 | 20120
IUR 2DEnviMeS | 599 | VY | <05 35583 T 05 | (1om)[ CCD| 040 | (220 V)
Heidelberg 1D-compact CINDY ala 0.3 295450 053 D cGb | 1620 30
MAXDOAS 220 ~ 7430565 | 074 CCD | 2020 | @2v)
Mini-DOAS | CINDI . 5
KNMI Hoffmann 291 n/n 0.45 | 290433 0.6 n/a LinArr (220 V)

10




UW+Vis CESAR . 5
5 99 n/n 0.4 | 400600 0.5 n/a | LinArr (220 V)
CIND 15 F 220
PANDORA | s yly , | 290830 | 06 | 0\ CCD| %20 | O,
CINDA . 500
SAOZ 204 n/n 10 | 270640 1.3 D LinArr| n/a (220 V)
LATMOS 1820
- CINDA F : 300
Mini-SAOZ 5 o5 n/n 8 | 270820 | 07 | 0| CCD| AirCo| o0,
room
Cz”\;? 15 | 280540 | 0.6 cco
. PANDORAS ' (sky) F 220
LuftBlick (x2) et YW1 28"| 400000 | 11 | @om)| cco| B | 20v)
- (sun)
CINDA F 100
q
MPIC TubeMAXDOAS o n/n 1 | 316474 | 06 | g | CCD| 10 | o0,
. CIND 305457 | 0.7 F | CCD| 20 | 120
EnviMeS 5 29 nn | <05 — 50T 07 (10m)| ccp| 20 | (220V)
NIWA acTonz7s | oDt | | o | 290363 ] 06 F | cco| 20 | 100
MAXDOAS 2.30 | 400460 | 06 | (12m)| ccp| -20 |(220V)
CINDA
PANDORA | 231 F 220
NASA 02) S| YV | 15| 285530 | 06 | o | CCD| 420 | O
2.32
— CINDA 400
NUST Mini-DOAS 233 n/n 1.2 | 320465 0.7 D CCD (220V)
Mini-DOAS | CINDI : S
TUDal VA | aA | 04 | 300515 | 0.67 | nla | LinAx 220
. . CINDA 300460 | 0.6 F | cCCD| 20 | <120
U. Munich EnviMeS 535 yim | 04 1=150600 | 0.6 | (1om)| ccp| 20 | (220 V)
CIND F 2200
U. Toronto PEARIGBS 5 36 yly | 062 300500 | 0405 | | cCD| 70 | 50,

—A grikethrough line indicates groups/instrumentsancelled at a late stage in the campaign planning.

3.2  Static Imaging-DOAS

Table 2 presents an overview of the ImagiD@AS systems which will be installed on the Remote Sensing Site
(RSS). The complete technical specifications of each instrument can be found in Agparidixe present
document.

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

Institute Instrument Nr Az./DS | FOV Spectral | Resol. Light Det. T Power
Cap. °) Range (nm) Coupl. type (°C) (W)
(nm)

11



CINDI 50
IUR . 2.37 (vert.) To be N F i 350-700
Bremen ImagingDOAS yn 1.2 decided 0.5 (15 m) ceo 30 (220 V)
(hori.)
MTTEM | 238 iy 7 UVisNin - B b GMOSS nla 230V

—A strikethrough line indicates groups/instrumentsancelled at a late stage in the campaign planning.

3.3 Long-Path DOAS (LP-DOAS)
[Instrument numbeCIND2.39]

A LPDOAS instrument will be operated by the University of Heidelberg during the campaign. The main purpose
2F (KSaS YSIFadaNBYSyda Aa (2 LINE JIRSgetWwacsjaSeg avarageF | OS
over a representative lighpath. The instrument will be located at ~3.8 km SeH#wst of the tower and will

point towards four retrereflectors installed at different altitude levels on the CESAR towerKipee3 and

Figure 4). This configuration will allow to derive average concentratiahseveral altitudes between the

surface and the top of the tower (213 m).

| View froun P-DoAS Rosibien
o \Whrlf Yower

Figure3: Location of the LIDOAS system (Cabauwsekade 95, 3411EG Lopik) and view frad®O¥S position to
the tower.

The wavelength ranges used by thBEDOAS system is: 2870 nm, 398470 nm, and 60880 nm. In these
spectral windows, the following trace gases can in principle be monitored; NCHO, HONO, §@;, NQ,

H,O, BrO, 10, CHOCHO and O
The technical requirements for installing the instrent are the following:
- 200 m of power cable (220 V);

- Power should be stable, UPS is optional
- Power meter for electricity bill

12



- Mobile internet
- Air-conditioned container for instrument housing

Vews Esun bop of kwg‘

L P~ D GRS fgg “—

Figure4: Position of theretro-reflectors on the tower (left) and view from top of the tower to I-BOAS position (right).

3.4  Cavity-Enhanced DOAS (CE-DOAS)
[Instrument number CINE2.40]

The ICAD (Itative CavityDOAS)nstrument is operated by IUP HD in the basement of the meteorological
tower. It based on the GBOAS technique described(PPlatt et al, 2009. It uses the wavelength resolved NO
absorption along a light path of about 1.5km within aptical resonator cell in order to determine the NO
absorption. The specific absorption features in the blue wavelength range allow for an interfdreace
detection of NQ and detection limits of less than 100ppt at 1 minute time resolution. The de#ispan overall
size of approximately 20x30x70¢@nd weights less than 10kg. The power consumption of typically less than
20W and insensitivity to vibrations allow also mobile applicatidngvill operate from the sample linewith

inlet at 27m altitude, i.e. the one also used by CAPS and NGnalysers (see Sect. 3.5.1 and 3.5.2,
respectively).

13



3.5 In-situ analysers

3.5.1 Cavity Attenuated Phase Shift NO, monitor (CAPS)
[Instrument number CINE2.41]

Two AS32M analyzerwill be operated by BIRMSBat the tower, at 27 and 200m altitudeAS32Mis a
commercial instrument from Environnement 8/Aich measures the volume mixing ratio of Nidased on its
absorption properties at 450 nm, following the Cavity AttenuaBdthse Shift Spectroscopy (CAPS) technique
(Kebabian et al., 2005). The measurement rangelippm 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
reacles 225 W at bootp.

3.5.2 NO, analysers
[Instrument number CINE2.42]

NG, is sampled three times per hour during 5 minutes from the sample line with inl&g &0, 120 and 200 m
altitude at the tower (also measuring @H, N,O, CO). Ozone is alsoeasured using this configuration. NO,

NG, are measured with a Teledyne API, model M200OE with Photolytic converter and simultaneously with a
molybdenium system. Ozone is measured with a Thermo 49i. Theobkarvations are a collaboration
between ECN (Engy research Centre of the Netherlands) and RIVM (Dutch National Institute for Public Health
and the Environment).

3.5.3 NO,sonde
[Instrument number CINE2.43]

NG, sondes are experimental devices developed at KNMI. The measurement is based on the chemilmtninesce
reaction ofNQ, in an aqueous luminol solution, which is optimised to be specifié@p(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 ppbvhe instrument weighs 0.7 kg.

During the CINBE2 campaign, one launch per day during the séiirid intercomparison period is planned.
Launch times are to be decided.

3.54 0Ojzsonde
[Instrument numbeCESAR.(J1

ECC ozone sondes are routinely launched frarBiX (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 adecatlid anode
chamber, respectively. Both half cells contain a platinum mesh serving as electrodes. They are immersed in Kl
solution of different concentrations. The two chambers are linked together by an ion bridge in order to provide

an ion pathway anda 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 Kl solution in the cathode and anode chambex.€léctrical 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 numbeCESAR.()2
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An insitu ozone analyser is sampling frotihe same 4altitudes as the NQ@ analysers(see Sec. 3.8). In
addition, an ozone analyser from the Dutch air quality monitoring network is operational
(http://mww.Iml.rivm.nl/histo/index.php?stat=NL10644 The instrument is a Thermo 49i.

3.5.6 Nephelometer
[Instrument number CESAR]

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 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 sustainednithe 63m inlet pipe is 60 Ipm, 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 nephelomete{DryNeph, TSI Inc., Model 3563) is used for the @astattering
coefficient.

To increase comparability between observations in (global) aerosol networks (WMO/GAW guidelines,
2003) prescribe that sampled aerosol is dried to relative humidities bel®e: 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. renotely sensed a®sol properties.

3.5.7 MAAP
[Instrument number CESAR).

TNO continuously performs aerosol observations in the basement of the tower where air is sampled
via a common inlet at 60 m. A mudingle absorption photometer (MAAP, Thermo Scientific Inc.,
Model 5013 is used to quantify the aerosol absorption coefficient. See also remarks under $ec.3.5.

3.5.8 SMPS
[Instrument number CESAB].

TNO continuously performs aerosol observations in the basement of the tower where air is sampled
via a common inlet at 60 m. 8also remarks under Sec.3%5.

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 DMaccording to their electrical mobility diameter and are counted by the CPC. A
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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 resolutidmin.

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 asing NQ sondes installed on board of bicycles operated by KNddlre

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 moHDOAS systems which will be deployed during GENDhe
complete technical specifications of these instruments can be found in Appendix C of the present
document.
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Figure5: Map of highways and local roads surrounding Cabauw.

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

Institute instrument Nr FOV Spectral Resol. Light Det. T (°C) Power
°) range (nm) (nm) coupl. type
BIRAIASB| Aeromobil CZIN4[5N 2.5 270500 1.15 F LinArr | Ambient
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MPIC CarDOAS CZ'NE 1.2 299454 | 0.6-0.9 F ccb +5 200 W
Uni. carpoas | CINDH 4 5 280550 0.7 F CCD | Ambient

Galati 2.47

IUR IURTruck | CINDH | 286419 0.55 - Cch | 35 10kVA, 32
Bremen* DOAS* 2.48 413524 0.65 CCD -35 A (truck)

*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].

At Cabauw a Cimel sunphotometer is installed tbgiart 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|.

The Total Sky Imager (TSI) operated by KNMI takes an image every minute of the sky in daytime progected
KSYAALKSNAOFf aKIFILSR YANNBNX® ¢KS TN OGA 2 ypiocesSsihg Wi KA
based on the redlue ratio of the pixels. TSI images are available at
http://projects.knmi.nl/cloudnet/realtime/rt_img_tsi.html.

Additionalcloud 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].

The CESAR Water Vapor, Aerosol and Cloud (GddfLI, Apituley et al., 2009) is a kpghformance, multi
wavelength Raman lidar, capable of providing rodimel-clock measurements. The instrument is part of the
European Aerosol Research Lidar Network (EARLINET), and provides 24 profiles of volsoattdraakd
extinction coefficients of aerosol particles, the depolarization ratio, and wa@ourto-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 sigals from close to the instrument, a second, small telescope is needed to cover the near range,

in particular for measuremenis the planetary boundary layer.

Quicklooks of the observations are made available in-neaktime:

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

3.7.4 Ceilometer
[Instrument number CESAH].
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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 odine, but is planned to have & established before CINRI An automated detection
algorithm is implemented for boundary layer height detection.

3.7.5 RIVM mobile NO, LIDAR
[Instrument number CINE2.49]

The RIVM mobile lidar will take part in CINDdonfigured to measure nitrogen dioxigeth 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 serblind intercomparison period.

4 Met eorol ogi cal dat a

A complete set of meteorological parameters are routinely measured at the Catloavev at 7 altitude levels
(2, 10, 20, 40, 80, 140, and 200nmhis includes:

- Surface temperature and pressuyre
wind speed and direction,

relative humidity,

cloud cover.

Real time quicklooks of meteorological parameters obtained at various lé@vetlse tower are available:
http:/www.cesar-observatory.nl/index.php?pagelD=9000.

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

ECMWEF will also provide through the ESA/EVDC database 24/48h favédadt, V, RH on 100 and 83%@a
isobar/pressure level$VVon 300 and 475 K isentrop leyahd 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 providétNio2 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 LOEOBOS simulationshese simulations will be made available at
http://www.tropomi.eu/science/camsair-quality-forecastsover-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, I[UBremen LAMOS group) is evaluating the possibility to perform spatially high resolved air
guality simulations, using the WRFhem model together with TNRIACC3 (7 km resolution) and RIVM
("emissieregistratie.nl”, 1km resolution) emissions.
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7 Satellite dat a

Daily oerpass N@and HCHO measurements from the OMI and G2MEinstruments will be made available
for comparison and further analysis of the campaign resulise NASAaRC Satellite Overpass predictor tool
available ahttp://cloudsgate2.larc.nasa.gov/cgiin/predict/predict.cgiwill be used to generateverpass table
of the nadir position of many satellites including Aura (OMI), NPP (VIIRS), -Metopl -B (GOME2).
Instructions on how to use this tool will berovided by KNMI athttp://www.tropomi.eu/science/forecast
information.

8 Logi stics
8.1  Site Layout

Several areas can be distinguished on the Cabauw site:

1 The main facility is the tower with the mauilding.

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

=A =4 =4 4 =4

Many instruments are installed permanently. The CHRDistruments will be distristed 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 thRemote 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 thalewebsite: http://projects.knmi.nl/cindi2
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Figure @: General placement o€INDi2 instrumentation at the CESAR site

Ground floor

For CINDR 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 fo 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 roos of the units consist of corrugated material tivaitl be partially covered bigoardmaterial to walk on.
Instruments will be placed directly on the roof.

All units housing instruments will be aonditioned. 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)strument cables and fibers will be fed though the window facing the
observation direction. A wooden panel will replagavindow. For most units, a second window will provide
daylight.

Units on the ground floor that are not used for instruments wik be airconditioned 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 va 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 roofwill be partially covered by plate material to walk on. Instruments will be placed directly on the roof.
All units housing instruments will be aonditioned. And two tables and four chairs are provided for each unit.

For each unit on the top level, insinent 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 brealp, lifting material will made available if needed.

8.2 Instrument location assignment

The instrument location assigrent is giverin the tables below. Note that the units are numbered right to left,
according to the drawings in Fig.6.

RSsite ground level Unit# Institute Instr.Number Instrument
0.1 Office/storage use
1 0.2 AMOIAP/IA Ph CINDI2.02 2-port DOAS
2 BLS CIND{2.05 Catadioptric telescop®dARSB
Airco
0.3 Office/storage use
3 0.4 CAMS CINDH2.07 Mini-DOAS Hoffmann UV+Vis (#1)
4 CAMS CIND{2.08 Mini-DOAS Hoffmann UV+Vis (#1)
5 CHIBAU CIND{2.09 CHIBAU/MAX-DOAS
Airco
6 0.5 KNMI CIND{2.21 Mini-DOAS n/n Hoffmant/V+Vis (#3)
7 KNMI CESAR2 Mini-DOAS n/n HoffmanrbV+Vis (#3)
Airco
0.6 Office/storage use
8 0.7 CSIC CIND{2.10 MAXDOAS
9 CUBoulder CINDi2.12 1D-MAXDOAS
10 NUST CIND#2.33 Mini-DOAS
Airco
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RSsite top level

11
12
13

14
15
16

(G2l

© 00 N O

10

12
13
14

15
16
17
18

19

0.8
0.9

0.10
0.11

0.12

Unit#

LATM
LATM
MPIC

NIWA
NIWA
IISER

11

1.2

1.3

1.4

15

1.6

oS
oS

Institute

AIOFM
AUTH
INTA

BIRAIASB
IURHeidelberg

DLR+USTC
DLR+USTC
U. Munich
KNMI

CUBoulder
BwWb

IURBremen
IURBremen
BOKU

Luftblick
Luftblick
NASA
NASA

U. Toronto
VM

CINDi2.24
CIND1i2.25
CINDi2.28

CIND12.29
CIND4#2.30
CIND#2.16

Office/storage use
SAOZ

Mini-SAOZ
TubeMAXDOAS

Airco

Office/storage use
EnviMeS (#3)
ACTON275 MAXDOAS
Mini-DOAS HoffmantlV (#23
Airco

Office/storage use

Instr.Number Instrument

CIND#2.01 2D-MAXDOAS

CIND#2.03 PHAETHON

CINDi2.17 RASA3I MAXDOAS
Airco

CINDi2.04 2D-MAXDOAS

CIND#2.19 2D-EnviMeS (#2)
Airco

CIND#2.13 2D-EnviMeS (#1)

CINDi2.14 2D-EnviMeS (#2)

CIND{2.35 2D-EnviMeS (#)

CESAR.23 PANDORA (#1)
Airco

CIND#2.11 2D-MAXDOAS

CINDI2:15 MAXBOAS
Airco

CINDi2.18 2DMAXDOAS

CIND{2.37 Imaging DOAS

CINDH2.06 2D-MAXDOAS
Airco

CINDi2.26 PANDORZAS (#2)

CIND#2.27 PANDORAS (#2)

CIND#2.31 PANDORA (#3)

CIND#2.32 PANDORA (#3)
Airco

CINDi2.36 PEARIGBS

CINDR2:38 imagingSpectrometer
Airco
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Tower

a b wWwN

© 00 N O

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Unit#

ground floor
ground floor
~10 m
~50m

~110 m

~213 m
workshop/lab

unk

27, 60, 120, 200m
basement
workshop/lab
workshop/lab
workshop/lab
workshop/lab
workshop/lab
workshop/lab
basement

outside

27, 60, 120, 200m
Basement/60m
Basement
outside

outside

outside

Institute

RIVM
IURBremen
IURHeidelberg
IURHeidelberg
IURHeidelberg

IURHeidelberg
KNMI
BIRAIASB
RIVM/ECN
RIVM/ECN
TNO- PSI
TNO- SP2
TNO

TNO

TNO

TNO

TNO

ECN
RIVM/ECN
TNO

TNO

TNO

KNMI
TNO

Instr.Number

CIND12.49
CIND12.48
CIND{#2.39.2
CINDi#2.39.3
CINDi2.39.4

CIND1#2.43
CIND{2.40
CIND#2.41
CIND12.42
ACTRISRA1.1
ACTRISRA1.2
ACTRISRA1.3
ACTRISRA1.4
ACTRISRA1.5
ACTRISRA1L.6
ACTRISRAL.7
ACTRISRA2.1
CIND12.49
CESAR.02
CESAR.03
CESARS
CESAR.06
CESAR.07
CESAR.09

Instrument

Mobile DIAL
IURTruck DOAS
retroreflector
retroreflector

retroreflector
NGO, sonde preparation
and ground station

CEDOAS

CAPS

NGO, analysers
CAPS

SP2
MAAP(CESAR.04)
MAAP(CESAR.04)
Aethalometer Dual Spot
Aethalometer AE31
EC/OC samplers
Windlidar

Mobile DIAL

O; anlyser
Nephelometer
SMPS

Sun photometer (AERONET)

All-sky imager
Ceilometer

— A strikethrough line indicates groups/instrumentsancelledat a late stage in the campaign planning

Main parking lot Institute Pl name Instr.Number

1 BIRAIASB CINDi2.45 Aeromobil

2 MPIC CIND{2.46 CarDOAS

3 Uni. Galati CINDi2.47 CarDOAS

4 KNMI CESAR.08 Raman LIDAR CAELI
Cabauwsekade 95, Lopik Institute Pl name Instr.Number

1 IURHeidelberg CINDI2.39 LRDOAS

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 ipaddresses will be provided for computers controlling instruments. Wifi (dynamic
adresses) will® 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.
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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 cindi2 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) campaigsults can be submitted to the referee, while only the
referee is able to see all the results.

Furthermore, a cind2-share directory will be available for exchange of commonly accessible mafacalss
to this common directorys possible using the following:

sftp  guest @bbc.knmi.nl
pwd: Gu3st
directory: Jshare [/

8.5  Security
During the nighttime hours, between 21:00 and 07:00, a guard will bgterfor security.

9 Addi ti onai2 ACTRIVS ti es

During the CINE2 campaign two additional activities from ACTFRI@ww.actris.el will take place. These

are experiments for aerosol absorption measurements (ACGZRIBALl) and aerosol flux measurements
(ACTRK2 JRA2). Additional instruments will be installed, mainly in the towenvahdherefore not interfere

with activities at the remote sensing site. The benefit from the additional aerosol measurements for2GENDI
that more background information is collected about aerosol optical properties, in particular aerosol optical
absomption in the boundary layer (isitu). For the aerosol flux measurements, detailed observations will be
made for the vertical distribution and the dynamics of the aerosol (vertical) distribution.

l10Campapggmanni ng

10.1 Schedule

The overall schedule of the nmacampaign activities is representedhigure7. 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 fof' Beptember 2016. From this time anstruments should be ready

for data acquisition. We plan for one full week of waom 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 Septertiime semiblind
intercomparison exercise will be kicked off for 2 weeks of intensive coordinated measurements (see
details in sectiorl0.2). Uponnecessity (e.g. due to persisting bad weather conditions during weeks 37
and 38) an optional -lveek extension of the sentilind exercise is planned in week 39 (26 &&p

Oct). After that period the Cabauw site will remain open for one additional weekhglusihich
interested groups might conduct specific experiments not performed during the-gkmai exercise.
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10.2 Main campaign phases

As already indicated, the campaign will include 4 main successive phases: installatiorypyaemi
blind intercomparison and extra measurements.

10.2.1 Installation

The installation of the instruments is planned to take place between 25 August *aseptenber

2016. During this period, no coordinated activity will take place. Each measurement team will bring
and install their instrumentation osite, perform all necessary adjustments and tests and interact
with the local organisation team to fix possibleuss and be ready to start the campaign in optimal
conditions. Upon feasibility, some of the -site calibration activities requested from the teams
participating in the semblind intercomparison might already be started (see detailshen CINDR
measurenent protocol document

10.2.2 Warm-up phase

In the first 11 days of the formal campaign, starting 6rSeptember 20186, it is anticipated that most
measurement systems will be operational. This period will be used for intercomparison protocol
rehearsal (inclding adjustments if necessary) and continued calibration activities.

Additional activities will also take place such as intercomparison of the variesitsiNQ and HCHO
analysers, test flights of the N@onde, setup of mobile systems and test of mostiequate roads
circuits, setup of longpath and cavityenhanced systems, preparation of all ancillary data, etc.

10.2.3 Semi-blind intercomparison

The semblind intercomparison of the MAXDOAS instruments will take place during two weeks from
12 to 25 Septemhbe2016. Details on the organisation of this exercise are given in the next section and
in a separate Sentilind Intercomparison Protocol document.

10.2.4 Backup week/extra measurements

An additional (backup) week is reserved for a possible extension of thebdi@chintercomparison in
case of major instrumental issues or persisting bad weather conditions during the formedks
period. If the original schedule is maintained, this extreek and the following one (first week of
October) will be used to explomaore specifically additional science topics such as, e.g.

- Focused measurements of other gaseg)(CHOCHO, HONO)
- Setup of specific experiments that could contribute to better interpretation of the remote
sensing measurements in combination with otherasarement system available on site, etc.
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11The skelmind i ntercompari son exercis

11.1 Aim and purpose

Passive U¥isible spectrometry using scattered sunlight as a source provides one of the simplest
methods for routine remote sensing @tmospheric trace gasesom the ground.While zenithsky
measurements have been used for decades to monitor stratospheric gases suclOiNBrO and
OCIO, observationsf the sky at several elevations between horizon and zeungimg the secalled
Multiple Axis or MAXDOAS method alltovderive vertically resolved information amopospheric
species and aerosols (e.gorthinger and Platt, 2002)Vagner et al., 2004; Friess et al., BpOrhe
number of MAXDOA#Spe instruments depbyed worldwide has growrconsiderablyin recent years.

This increasing use of MBXAS insuments for tropospheric obsegations, together with the
diversity of their designs and operation protocolsgs createdhe need forformal intercomparsors
includingas many different instrments as possibleThe 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,M@nitoring. This resulted in the first succeskf
large scale intercomparison of both MAXDOAS and zskighgrounebased remote sensors of NO
(Roscoe et al., 2010).

Seven years following CINDI, the CHRDdampaign has the target to intercompare a new and
extended generation of grounldased remotesensing and situ air quality instrumentsThe interest

of ESA for such Intercalibration activities is stimulated bydhgoing development of several UV
Visible space missions targetiragy 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 validatioof measurements from such space missions is essential and requires appropriate
dedicated groundruth measurement systems. Because tropospheric measurements Bpate

borne nadir U\isible sensors show little or no vertical discrimination and inhereptigvide
measurements D the total tropospheric amount surface irsitu measurements are generally
unsuitable for validation. Insteadalidation dmands a technique that can lileer columnintegrated
information on the key tropospheric specisgasured bysatellite instruments sucasNG,, HCHO, ©

and SQ with ahorizontal representativeness compatible with the resolution of space measurements
(typically 8x8 krhfor the Sentinels).

The aim of the CINE semiblind intercomparisonis to characterise the differences between a large
number of measurement systems and pmpaches and to contribute to &armonisation of the
measurement settings and retrieval methods for similar systems of the MAXDOAE ¢jipeing the
precedent set byrRoscoe et al. (1999), Vandaele et al. (2005) and Roscoe et al.,@@layopted
intercomparison protocol is senrnlind, 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
duringthe previous day are displayed without assignment to the differestruments.

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) Atthe end of the formal campaign, plots have instrument names attached, and plots of mean
differences fom one selected reference instrumerdr 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 lhe data policy and intercomparison protocol are giwethe FRMDOAS Deliverable
D14 (Campaign Data Protocol).

11.2 Participating instruments and intercomparison setup

The groups and instruments which have been registered for participatmoriihe semiblind
intercomparisonexercise are listed ifiablel. In total 3 instruments from 26 differenbrganisations
and 17 countrieswill be accommodated on the site. Among these instrumen&wlll be two-
dimensional MAXDOAS systems allowing dcans in both elevation and azimuth, 15 will be -one
dimensional MAXDOAS systeperforming elevation scans in one fixed azimuthal direction, and the
last 2 instruments will be simple zenitky DOAS systems.

11.3 Intercomparison setup

Because the tropospherispecies under focus for this intercomparison (in particularn,Nft also
aerosols andHCHO) can feature fast changing concentrations in both space and time, it is essential to
setup the measuremengystems in such a way that they all sample the samenasses at the same
time. For this reason, athe instruments participating in thexiercomparisonwill be installed on the
CESAR remotgensing platform (seBigure8) making use of containers which will be organised in the
most compact way. Considering the large number of systiaisneed to be accommodated, we plan
to deploy two rows of containers. The first row will be similar to the one deployed during-CI{$Bé¢
Figure8) and will be used to host the IMAXDOAS and the zenitky systems. The second row will
be deployed on the other side of the platform and will consist of stacked dexdnéainers high
enough to exceed th height of the grove of treesisible onthe left side ofFigure8. The 2D
MAXDOAS systems will be installed on the top of these containers allowing for more tijeaibile
azimuth scan settings and avoiding any risk of interference with the 1D systems.

All the 1IDMAXDOAS instruments will use the same azimuth viewing direction of 287° (i.e. WNW,
N=0), which was already used during CHiDrIhis direction will also be one of the azimuth directions
used by the 2D MAXDOAS systems. More details on the gmsation of the instruments are given
below in sectiorll1.6)
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287°

Figure8: Aerial picture of the CESAR remesensing siteas configured during the CINE campaign in 2009DOAS and
MAXDOAS systems were installed on thaof or in front of the 5 white containers.

11.4 Intercomparison campaign referee

The formal intercomparison exercise will beordinated by Karin Kreher (B¥ientificGmbH assisted

by Ermioni Dimitropoulou (BIRIASB/AUTH). Karin Kreher hamre than 20 yea of research
experienceworking with U\-Visible remotesensing of the atmospheric compositiothe has been
acting as cechair of the NDACC Ws working group for about 10 yeaed wasinvolved as
participant inall the recentNDACC Intercomparison exeses In particular she was part of the CINDI

1 campaign in 2009. Therefore she has the adequate experience and knowledge to coordinate the
CINDI2 semiblind intercomparison.

Herrole as referee will be to interface with the different participating gosuto 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, afténeé campaign, to coordinate the writing of a peeview 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 providecomplete 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 warrup phases. This information will be collecteg the campaign referee and
used in support of the interpretation of the measurement results. The calibration procedures
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