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CONTENTS 

I. Fourier -transform Infrared Spectrometry (FTIR)  

A. Instrument fiche  

Table 1. FTIR Instrument fiche. Adapted from [ISSI, 2012, Annex A.1.3]. 

Instrument  Fourier transform infrared spectrometer 

(Michelson-type interferometer) 

Platform ground-based 

Measuring technique Solar (or lunar) absorption spectrometry 

Observation geometry Looking directly at the center of the sun (or the 

moon) 

Units Total columns (mol/cm2) and volume mixing 

ratio per atmospheric layer (vmr) and partial 

column per atmospheric layer (mol/cm2)  

Vertical resolution A few km to 10 km 

Horizontal resolution Depending on solar zenith angle of measurement 

and vertical profile of the target species: the 

horizontal resolution decreases as the SZA 

increases and if the target gas is located higher in 

the atmosphere. 

Temporal resolution Depending on the spectral resolution and number 

of interferometer scans per spectrum (the higher 

the spectral resolution and the number of scans 

per spectrum, the worse the temporal resolution) 

Vertical range 0-70 km 

Horizontal range about 5x5km at 50 km 

Stability/drift  avoided by instrument line shape verifications 

with a known cell measurement (typically HBr or 

N2O)   

Precision  

Systematic uncertainty Mainly determined by spectroscopic uncertainties 

(5 ï 20%)  

Daytime/ nighttime Only daytime for solar absorption; nighttime data 

with lunar absorption are generally less precise 

Weather conditions Stable optical depth is required in FOV; 

essentially clear sky is required 

Interferences/ contamination (payload, 

spectral) 

Minor contaminations due to spectroscopic 

interferences with other species, like H2O, CH4, 

é. In general they are minimized. 

Bottlenecks, limitations Large, heavy and expensive instrument; limited 

or no transportability; open view to the sun is 

required all day; air-conditioned room is 

required. The instrument must be operated with a 
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reliable suntracking system.  

Absolute or calibration needed? Self-calibrating technique (differential absorption 

principle) 

Corrections needed? No 

Auxiliary data  Pressure / Temperature profiles from local 

observations or NCEP.  

Averaging kernels Important component of the retrieval products 

(L2): give information about sensitivity of the 

data products to the true and the a priori profiles. 

A priori information  A priori information on atmospheric vertical 

profiles for target and interfering species is 

required in the L1-> L2 retrieval process; taken 

from WACCM output; sometimes adjusted via a 

dedicated pre-fit of observed spectra. 

Spectroscopic parameters from spectroscopic databases (HITRAN or 

pseudolines from JPL (G. Toon) or specific 

databases) 

Transportability/ Suitability for campaign  Bruker 120/125 M is transportable and therefore 

suitable for campaigns; Bruker 120/125 HR are 

not transportable unless if installed in a 

transportable container. 

System availabilit y Commercial spectrometers 

Data processing time The goal is to deliver L2 data within 1 month 

after spectra acquisition 

Additional products Interfering species concentrations, in particular 

H2O 

Future potential Delivery of more species, more information 

about isotopologues for some species (H2O, CO, 

CH4,é); delivery of horizontal averaging kernels 

?  

Caveats Averaging kernels (vertical and horizontal) and a 

priori information required for proper 

interpretation of the L2 data.  
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B. Operation mo de 

 

Figure 1. Experimental set-up 

Figure 1 shows an experimental setup. Top left: meteostation; top right: suntracker; bottom: Fourier 

transform spectrometer. The meteo station includes a Vaisala wind/humidity/rain detector (in the red 

circle), a sunshine detector (total solar irradiance) (in the green circle), a high-precision barometer (in 

the orange circle) and a presence-of-rain detector (in the yellow circle). 
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The solar (lunar) light is guided into the spectrometer by a precise suntracker that follows the sun 

during the day. The system has an active feedback system, in order to keep the sun image at all times 

centered on the entrance aperture of the spectrometer. The alignment of the solar beam in the 

spectrometer is critical, and is verified regularly with a cell measurement: the measurement with high-

spectral resolution (of order 0.003 cm-1) of the absorption spectrum of a known gas (e.g., HBr, N2O, 

CS2) with a known concentration at low pressure in the cell reveals the instrument line shape and 

permits verification of the alignment.  

The spectrometer is equipped with an InSb detector covering the range 1 to 5 µm, and a HgCdTe 

detector covering the range 1.5 to 16 µm. Both detectors are cooled to liquid N2 temperatures.  

The recorded signal (L0) is an interferogram, which is then transformed via a Fast Fourier Transform 

(FFT) algorithm into a spectrum (L1 data) (Figure 2). In order to increase the signal-to-noise ratio, an 

optical filter in front of the detector limits the spectral bandwidth of the recorded spectra. The 

interferogram corresponds to the AC part of the detector signal; ideally the DC part is also recorded to 

verify the signal strength.  

For operational measurements the ground-based FTIR spectra are measured with a typical resolution 

of about 0.005 cm
ī1

 (i.e. maximum optical path difference, OPD, of 180 cm), which corresponds to a 

resolution ɚ/dɚ at 1000 cm
-1
 of approx. 2×10

5
. 

To increase even more the signal-to-noise ratio, several interferometer scans may be co-added before 

transformation into a spectrum.  

Recording of one spectrum requires between one to a few tens of minutes, depending on the required 

spectral resolution and signal-to-noise ratio. During the whole recording time, the solar (lunar) 

intensity (in the infrared) must be stable. This can be guaranteed only with completely clear sky.  

In many instances, and especially in remote locations, the experiment is performed in automatic or 

remote control mode. This requires knowledge about the meteorological conditions, via a small 

meteorological station. Most important meteo parameters are the presence of rain, in which case the 

suntracker must be closed, the solar irradiance, to verify the solar intensity, and the local surface 

pressure and temperature. Additional parameters are wind speed and direction, and local humidity. 

The meteorological data are stored at a high frequency (of order 1s).  

In some cases, the spectral radiances are calibrated against a blackbody ï see [ISSI, 2012]. 

  

Figure 2. Example of an interferogram and associated spectrum, in the spectral range 2450-3200 cm-1, recorded on April 
24, 2012 at St. Denis, Ile de La Réunion (21°S, 55°E, approximately sea level). 
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C. L1 data 

As explained above, the L1 data are spectra, covering a given spectral bandwidth. Some preprocessing 

is performed before they are ingested in the inversion to derive the L2 products.  

The preprocessing essentially includes re-formatting, calculation of the solar zenith and azimuth angle 

characterizing the spectrum, synchronization between the spectra and the meteorological data, and 

rejection of bad spectra, based on the meteorological parameters and the detector DC signal. 

D. L1 ­L2 data processing principles  

The observed spectra (I as a function of wavenumber n ) are representative of the absorption of the 

solar beam along the line of sight (s) in the atmosphere. In other words, they provide integrated 

information along the line of sight, which is completely determined by the geographical location of the 

spectrometer, and the solar (lunar) zenith and azimuth angles associated with the spectrum. The latter 

parameters are all included in the data files. Figure 3 provides an example of a spectrum in the window 

1002-1003 cm
-1
 in which several ozone absorption lines are present.  

 

 

Figure 3. Example of the spectral microwindow 1002-1003 cm
-1
 which contains several ozone absorption lines, from a 

spectrum taken at St Denis, Ile de La Réunion. 

The retrieval process or inversion (L1­ L2) consists of extracting from the spectra the information 

about the absorbersô concentrations and vertical distributions in the atmosphere, based on the basic 

radiative transfer equations (Schwarzwildôs equation):  

dssJsIdssJdssIssdI
extextext

))()(()()(),(
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In the solar absorption case, the only source term (J) to be considered is the sun, and in the infrared, 

one can omit scattering and therefore, the extinction coefficient (aext) reduces to the absorption 

coefficient (aabs). The equation can be re-written as: 

Ὅ’ȾὍ ’ ÅØÐ ᷿ ‌ ’ȟίὖȟὝ ὼίὨί (2) 

in which x(s) is the absorberôs concentration at position s along the line of sight. The equation is 

written in the case of one single absorber; in practice of course, the extinction factors due to every 

single absorber must be multiplied.  

The óinversionô of this equation enables therefore the determination of the absorbersô concentrations, 

assuming perfect knowledge of the light path trajectory and of the absorption coefficients and their 

dependence on P and T. 

In practice, the solution of the equation is not unequivocal (ill-posed problem) and some a priori 

knowledge must be used to find the most probable solution. The methods most often used at present 

are the Optimal Estimation Method and Tikhonov regularization [Rodgers, 2000]. The mathematics 

are shortly summarized in [ISSI, 2012]. 

The inversion then yields the retrieved vertical distribution xr along the vertical (z) of the target 

absorber(s) in the atmosphere:  

ὼ ᾀ ὼ ὃὼ ὼ  (3) 

in which xa and xt are the a priori and true vertical profiles of the target absorber, respectively, and A  is 

a product of the retrieval process, the so-called Averaging Kernel (a square matrix).  

E. L2 data and use caveats 

The L2 data consist of the retrieved vertical profiles ὼ ᾀ, expressed as a volume mixing ratio (VMR) 

on a vertical altitude grid.   

In addition, the data files also provide the integrated profiles or total columns and the partial columns 

per altitude layer defined by the layer altitude boundaries. With each variable, the associated random, 

systematic and total uncertainty is provided ï see Guide to Data Uncertainties.  

Since water vapour is an important interfering gas in the infrared, and since it is important to 

distinguish between the dry air VMR and the wet air VMR, the concentration profiles of H2O are also 

provided in the data files.  

One must be careful as to whether the VMR is specified as an effective mean VMR in the 

corresponding altitude layer, defined by the altitude boundaries, or as a VMR on one of the layer 

boundaries: this is explained in the variable descriptions associated with the ALTITUDE, 

ALTITUDE.BOUNDARIES, MIXING.RATIO and COLUMN.PARTIAL variables in the data files.  

One must be well aware about the interpretation of the retrieved vertical profiles: 

The above equation (3) tells you how the retrieved profile is related to the true profile and what the 

contribution is of the a priori in the retrieved profile. An averaging kernel close to the identity matrix 

tells you that the retrieval is close to the truth and the a priori contribution is very small. An averaging 
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kernel close to zero tells you that youôre almost reproducing the a priori, in other words, the 

measurements have not added a lot of information.  

The averaging kernel also provides you the information about the vertical resolution: the vertical 

resolution cannot be expressed as a single number; rather it is described by the convolution of the true 

profile with the averaging kernel.  

Both xa and A are provided in the data files. 

A determines the so-called smoothing error of the retrieval products, as described in the Guide to Data 

Uncertainties.  

F. Including concept/examples of horizontal/vertical averaging  

Vertical averaging 

 

Figure 4. Example of ozone retrieval (left plot: green profile is the a priori; blue profile is the retrieved one) and 
associated averaging kernel in VMR/VMR units (right plot).  The dashed curve in the latter plot represents the sensitivity 

curve (see text). 

The above picture presents a typical averaging kernel (AVK ) matrix for an O3.retrieval. The AVK 

matrix is defined on the same vertical grid as the retrieved profile. The colored curves in the plot are 

the rows of the AVK matrix where each element in a row is plotted against the corresponding height 

grid. Each curve or row of the AVK is color coded according to the height of the corresponding row 

index (see horizontal lines). The sensitivity curve represents the fractional sensitivity of the retrieved 

profile at each altitude to the measurement.  

The AVK matrix determines how the retrieved profile is related to the true and the a priori profiles, 

according to Eq. (3). For example, the retrieved profile at 40 km altitude is obtained from Eq. (3) with 

the row of AVK corresponding to 40km, i.e., the yellow curve in the AVK plot in Figure 4.  The 

yellow curve has a peak at 40km, but has non vanishing terms on the nearby altitude layers.  

Ideally each row has a single discrete peak at its corresponding height, but in OEM the retrieved 

information at a certain altitude is obtained also from nearby layers. And at higher altitudes there is no 
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information at all (the red lines tend to zero). There the retrieved profile reproduces the a priori 

vertical profile. 

Comparing FTIR retrieved profiles with other óreferenceô data (e.g. model, satellite) requires that these  

reference data undergo the same óaveragingô of information as a function of altitude (i.e., convolution 

with the averaging kernel) in order to obtain  comparable objects. E.g., one does not wish to obtain an 

apparent bias at altitudes where the measurement has no sensitivity. This averaging or smoothing of 

the reference data is essentially Equation (3), where ὼ is replaced by the reference data. 

Horizontal averaging 

The retrieved profiles are not measured exactly at the instruments location: depending on the solar 

zenith and azimuth angles, the line of sight differs. A horizontal averaging kernel of a measurement 

describes the relationship between the information in the retrieved profile and its geographical 

location. These horizontal averaging kernels are not available in the HDF data files and FTIR data 

users should realize that the data is not geographically located at the instruments location. The users 

can estimate the geographical location of the information from the solar and azimuth angles that are 

provided in the HDF files and a ray-tracing tool.  

 

Figure 5. Example of the light path for a measurement at St Denis Ile de La Réunion with a high solar zenith angle.  
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Table 2. Example of a ray tracing output for an FTIR measurement of CH4 at St Denis (-20.9°S, 55.5°E), Ile de La Réunion, 
on 25/1/2011 04:04 UT for a solar zenith angle of 62° and an azimuth angle of 101° measured from N (0°) to E (90°). The 
Table provides  the geographical location of the points along the line of sight corresponding to a percentage of the total CH4 
column.  

 

Percentage 

Latitude  

(° North) 

Longitude  

(° East) 

Altitude (km) Distance from 

instrument 

location (km) 

0 -20.900 55.480 0.05 0.0 

20 -20.906 55.511 1.8 3.3 
40 -20.912 55.546 3.8 7.0 

60 -20.921 55.596 6.6 12.3 

80 -20.934 55.666 10.6 19.7 

  

Table 3. Example of a ray tracing output for O3 providing  the geographical location of the points along the line of sight 
corresponding to a percentage of the total O3 column (measurement on 25/1/2011 4:04 UT with solar zenith angle 62° 

and azimuth angle 101° (measured from N (0°) to E(90°)) 

Percentage Latitude North 

(°) 

Longitude East 

(°) 

Altitude (km) Distance from 

instrument 

location (km) 

0 -20.900 55.480 0.1 0.0 
20 -20.947 55.740 14.8 27.5 

40 -20.963 55.827 19.8 36.8 

60 -20.975 55.893 23.6 43.8 

80 -20.991 55.980 28.6 53.0 
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II.  DOAS / MAXDOAS  

A. Instrument fiche  
Table 4. DOAS/MAXDOAS instrument fiche 

Instrument Multi -AXis Differential Optical Absorption Spectrometer (MAX-DOAS) 

Platform ground-based 

Measuring technique Solar light absorption spectrometry 

Observation geometry Looking at scattered light from the zenith and various directions above the 

horizon. Some instruments also perform direct sun observations. 

Units Total columns (mol/cm2) and volume mixing ratio per atmospheric layer 

(vmr) and partial column per atmospheric layer (mol/cm2)  

Vertical resolution Strongly varying from 100 m close to the ground to column above 5 km 

Horizontal resolution Depending on solar zenith angle of measurement, vertical layer position and 

wavelength range used and atmospheric aerosol load and vertical profile of 

the target species: the horizontal resolution decreases as the SZA increases 

and if the target gas is located higher in the atmosphere. In the boundary 

layer, it decreases with increasing aerosol load and towards shorter retrieval 

wavelengths. 

Temporal resolution Better than 1 minute for tropospheric column, 10 minutes for stratospheric 

columns at twilight, typically 15 ï 30 minutes for profile in the troposphere 

Vertical range 0-70 km 

Horizontal range 0 ï 50 km in the troposphere 

Stability/drift avoided by thermal stabilisation, use of zenith reference spectra and 

instrument line shape verifications with spectral measurements and / or 

numerical determination of slit width 

Precision ??? 

Systematic 

uncertainty 

Determined by spectroscopic uncertainties (5 ï 10%) and radiative transfer 

uncertainties (10 ï 20%) 

Daytime/ nighttime Only daytime  

Weather conditions Best measurements at clear sky, good tropospheric profiles at homogeneous 

cloud conditions, stratospheric columns nearly independent of weather 

conditions. Direct sun observations only possible if solar disk is visible. 

Interferences/ 

contamination 

Spectral interferences for weak absorbers at low concentrations possible 
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(payload, spectral) 

Bottlenecks, 

limitations 

Relatively sensitive instrument, air-conditioned room is required for many 

research grade instruments, tracker used. High aerosol load and broken 

clouds limits accuracy and resolution of tropospheric profiles 

Absolute or 

calibration needed? 

Self-calibrating technique (differential absorption principle) 

Corrections needed? No 

Auxiliary data No 

Averaging kernels Important component of the retrieval products (L2): give information about 

sensitivity of the data products to the true and the a priori profiles. 

A priori information A priori information on atmospheric vertical profiles for target and their 

covariances are needed in Optimal Estimation type profile retrievals. 

Spectroscopic 

parameters 

from spectroscopic databases  

Transportability/ 

Suitability for 

campaign 

Depending on instrument type: Mini-DOAS (excellent) to scientific grade 

instruments (suitable but container or air conditioned room needed) 

System availability Commercial spectrometers, for scientific grade instruments with custom built 

telescopes, thermal stabilisation and calibration units. 

Data processing time The goal is to deliver L2 data within 1 month after spectra acquisition 

Additional products  

Future potential  

Caveats Averaging kernels (vertical and horizontal) and a priori information required 

for proper interpretation of the L2 data.  
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B. Operation mode  

 

Figure 6. Experimental setup 

Figure 6 shows an experimental setup. Instruments usually consist of a pointable telescope, connected 

to a spectrometer via quartz fibre bundle and connected to a temperature stabilised grating 

spectrometer equipped with a CCD detector. Miniaturized systems exist that integrate all components 

into one box. The example shown is for the IUP-UB instrument used during the CINDI 

intercomparison campaign;  it has two channels, one for the UV and one for the visible part of the 

spectrum. 

In a Multi -AXis or MAX -DOAS instrument, light is guided into the spectrometer by a telescope that 

can be pointed at the sun or at different parts of the sky. Depending on the instrument and application, 

different operation modes can be used: 

1. Zenith sky operation for total columns, stratospheric profiles and tropospheric columns with 

low sensitivity 

2. Direct sun operation for total columns and in combination with scattered light observations for 

atmospheric profiles 

3. Multi -Axis operation with multiple viewing directions above the horizon for tropospheric 

profiles and (if azimuthal pointing is possible) horizontal gradients. 

Depending on application, one or several spectrometers are connected to the telescope via quartz fibre 

optics covering parts of the spectral range from 320 ï 600 nm with spectral resolution of typically 0.2 

ï 1 nm. The spectrometers are usually equipped with cooled CCD detectors. Spectral filters are used to 

reduce straylight from wavelengths outside the spectral region of interest. 
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Exposure times depend on instrument type and illumination conditions and vary from milliseconds to 

seconds. To increase the signal-to-noise ratio, several measurements are averaged, typically over 

(several) minutes. 

In MAX -DOAS applications, a series of measurements is taken at different elevation angles, typical 

values being 1°, 2°, 3°, 4°, 5°, 6°, 7°, 8°, 9°, 10°, 15°, 30°, 90° elevation. Additional viewing direction 

at different azimuths can be taken for horizontal gradients. A compromise has to be taken between 

minimising atmospheric changes between measurements (short measurements) and high signal to 

noise for the individual observations (longer measurements).  

Instruments are usually fully automated and programmed, providing data through internet access or 

direct download. Many instruments are also equipped by video cameras to facilitate data analysis with 

respect to viewing conditions and identification of disturbances. As part of the measurement 

programme, calibration measurements for characterisation of detector dark signal are taken either with 

a shutter or at night and some instruments also perform regular line lamp measurements for instrument 

line shape monitoring. 

 

Figure 7. Example of two spectra taken during the CINDI campaign in Cabauw 

Figure 7 is an example of two spectra (lv1) taken during the CINDI campaign in Cabauw, 51.96°N, 

4.9°E on July 1
st
, 2009 around noon. The blue spectrum was taken in zenith direction while the red 

spectrum was measured at an elevation of 1° above the horizon. The spectra are dominated by 

Fraunhofer lines. The difference in slope is the result of scattering (zenith is bluer than the horizon). 

C. L1 data 

L1 data are spectra of intensity as a function of wavelength. Before use in the inversion, the dark 

signal of the detector is subtracted, data screening for too low (noisy) or too high (saturated) signals is 

performed, and a preliminary wavelength axis is assigned to the data. Additional information such as 

location, time of measurement, solar zenith and azimuth angle, the observation geometry and 

instrument settings is attached to the spectra. 
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D. L1 ->L2 data proc essing principles  

Data analysis is divided into two steps: 

1. Determination of atmospheric column amounts, integrated along the light path (slant column 

densities, SCDs) by application of the Differential Optical Absorption Spectroscopy method; 

2. Conversion to vertical column densities (VCs) or vertical profiles 

The DOAS fit is based on a linear least square solution of Lambert Beerôs law for many wavelengths 

in parallel:  
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Here, I is the measurement spectrum and I0 is a background spectrum, often a zenith-sky observation 

taken with the same instrument either at noon (for stratospheric retrievals) or very close in time to the 

current measurement (for tropospheric MAX-DOAS observations). A reference spectrum is needed to 

remove the effect of Fraunhofer lines which dominate the spectra recorded.  The absorption cross-

section ů is taken from spectroscopic data bases and the integral over the absorber density ɟ along the 

light path is the slant column density SCD.  In the atmosphere, several absorbers have to be taken into 

account as well as scattering. The effects of elastic scattering are accounted for as closure polynomials 

in wavelength; inelastic scattering is corrected using pseudoabsorbers derived from radiative transfer 

calculations: 
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 In order to improve the detection limit and the accuracy of the results, a non-linear component is 

included in the fit allowing spectral alignment between the two spectra used. For absolute wavelength 

calibration, alignment to a high resolution solar spectrum is performed, sometimes coupled to a fit of 

the instrument slit function. 

The second step, retrieval of atmospheric vertical columns or profiles, can be performed in different 

ways, including 

1. Conversion to vertical column densities by division of SCs by appropriate air mass factors, 

either from geometrical considerations or ï more accurately ï from radiative transfer 

calculations 

2. Formal inversion of a series of measurements taken under different conditions (observation 

geometries for tropospheric columns and profiles, solar zenith angles for stratospheric 

columns and profiles) using Optimal Estimation in combination with a priori assumptions on 

the vertical profile of the substance of interest and its variability. The resulting lv2 product is 

the atmospheric profile together with its uncertainty and the averaging kernel. 

3. Inversion of a series of measurements using a parameterised approach without a priori 

information. The resulting lv2 product are parameters characterising the atmospheric profile of 

the species (for example mixing height) and their uncertainties.  
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Figure 8. Example NO2 differential slant columns (1v2a)  

Figure 8 is an example of NO2 differential slant columns (lv2a) measured in Bremen on May 24, 2012. 

All data are relative to the noon zenith observation; the gap around 18:00 UT is to avoid direct 

sunlight to enter the telescope. The larger columns in the lower elevation angles are indicative of 

strong pollution in the boundary layer. 

E. L2 data and use caveats including concept/examples of 

horizontal/vertical averaging  

Vertical averaging 

When comparing MAX-DOAS trace gas and aerosol vertical profiles to correlative data (e.g., model, 

satellite, or FTIR), the difference in vertical resolution between both data sets must be taken into 

account. Since the MAX-DOAS profiles generally display the lowest vertical resolution, the 

correlative data should be degraded to the MAX-DOAS resolution in order to avoid apparent biases at 

altitudes where one measurement has no or little sensitivity. For an Optimal Estimation-based MAX-

DOAS retrieval, this is done by convolving the correlative profiles with the coincident MAX-DOAS 

averaging kernels (AVK) using the following expression (Connor et al., 1994): 

Xc_lr = xa + A (xc ï xa) 

where A is the MAX-DOAS averaging kernel matrix, xa is the a priori profile used in the MAX-DOAS 

retrieval, xc is the correlative high resolution profile, and xc_lr is the smoothed or convolved correlative 

profile. 

The averaging kernels, which are the rows of the A matrix, express the sensitivity of the retrieved 

profile with respect to the true atmospheric profile (Rodgers, 2000). Ideally, each averaging kernel 

should be a single discrete peak at its corresponding altitude. In practice, the information retrieved at a 

given altitude is also influenced by the nearby layers and hence, the averaging kernels are peaked 

functions with a half-width which is a measure of the vertical resolution. Typical MAX-DOAS 

averaging kernels for the NORS products (NO2, HCHO, and aerosols) are shown in Figure 9. 
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Figure 9. typical examples of MAX-DOAS profiles and averaging kernels for NO2, HCHO, and aerosol retrievals. 

Figure 9 shows typical examples of MAX-DOAS profiles and averaging kernels for NO2, HCHO, and 

aerosol retrievals. Retrieved vertical profiles and corresponding averaging kernels are shown on the 

left and right plots, respectively. They have been obtained by applying the OEM-based bePRO 

profiling tool (Clémer et al., 2010) to MAX-DOAS observations at Xianghe, China, which is one of 

the candidate stations for the exportation of the NORS expertise (WP10). The aerosols retrieval is 














































