
 

 

 1 

Evaluation of IASI derived dust aerosols characteristics over the 1 

tropical belt  2 

 3 

V. Capelle
1
, A. Chédin

1
, M. Siméon

1
, C. Tsamalis

1,2
, C. Pierangelo

3
, M. Pondrom

1
,
 
R. 4 

Armante
1
, C. Crevoisier

1
, L. Crepeau

1
, and N. A. Scott

1
 5 

 6 

1
Laboratoire de Météorologie Dynamique, UMR8539, CNRS/IPSL, Ecole Polytechnique, 7 

Palaiseau, France 8 

2
Met Office, Exeter, United Kingdom 9 

3
Centre National d’Etudes Spatiales, Toulouse, France 10 

Correspondence to: A. Chédin (chedin@lmd.polytechnique.fr) 11 

 12 

Abstract 13 

IASI-derived monthly mean infrared (10 µm) dust aerosol optical depth (AOD)  and altitude are 14 

evaluated against ground based AERONET measurements of the 500 nm coarse mode AOD and 15 

CALIOP measurements of the altitude at 38 AERONET sites (sea and land) within the tropical 16 

belt (30°N-30°S). The period covered extends from July 2007 to June 2013. The evaluation goes 17 

through the analysis of Taylor diagrams and box and whiskers plots, separating situations over 18 

oceanic regions and over land. For the AOD, such an evaluation raises the problem of the 19 

difference between the two spectral domains used: infrared for IASI and visible for AERONET. 20 

Consequently, the two measurements do not share the same metrics. For that reason, AERONET 21 

coarse mode AOD is first “translated” into IASI-equivalent infrared AOD. This goes through the 22 

determination, site by site, of an infrared to visible AOD ratio. Because translating visible coarse 23 

mode AOD into infrared AOD requires accurate knowledge of variables such as the infrared 24 

refractive index, or the particle size distribution, quantifying the bias between these two sources of 25 

AOD is not straightforward. This problem is detailed in this paper, in particular in its Appendix A. 26 

For the sites over oceanic regions, the overall AOD temporal correlation comes to 0.86 for 786 27 

items (IASI and AERONET monthly mean bins). The overall normalized standard deviation (i.e., 28 

ratio of the standard deviation of the test data (IASI) to that of the reference data (AERONET)) is 29 

of 0.93, close to the desired value of 1. Over land, essentially desert, correlation is of 0.74 for 619 30 

items and the normalized standard deviation is of 0.86. This slight but significant degradation over 31 

land most probably results from the greater complexity of the surface (heterogeneity, elevation) 32 

and, to a lesser extent, to the episodic presence of dust within the boundary layer (particularly for 33 

sites close to active sources) to which IASI, as any thermal infrared sounder, is poorly sensitive 34 

contrary to AERONET. Site by site, disparities appear that we estimate being principally due to 35 
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either the insufficient number of AERONET observations throughout the period considered, to the 36 

complexity of the situation mixing several aerosol types (case of the Persian Gulf, for example), to 37 

surface heterogeneities (elevation, emissivity, etc.), or to the use of a single aerosol model 38 

(“MITR”). Results using another aerosol model, with a different refractive index, are presented 39 

and discussed. Concerning altitude over oceanic regions, correlation is of 0.70 for 853 items and 40 

the normalized standard deviation is of 0.92. A systematic bias of -0.4 km (IASI-CALIOP) is 41 

observed, with a standard deviation of 0.48 km. This result is satisfactory, considering the 42 

important differences between the two instruments (space-time coverage, definition of the 43 

altitude). Altitude results over land, essentially over deserts, are not satisfactory for a majority of 44 

sites. The smaller sensitivity of IASI to altitude compared to its sensitivity to AOD, added to the 45 

difficulties met for the determination of the AOD over land (surface heterogeneities), explain this 46 

result. Work is in progress to solve this difficulty.  47 

We conclude that the present results demonstrate the usefulness of IASI data, which are planned 48 

to cover a long period of time, as an additional constraint to a better knowledge of the impact of 49 

aerosols on the climate system. 50 

 51 

1  Introduction      52 

During the past decades, determination of atmospheric aerosol characteristics from space has been  53 

extensively done using instruments measuring in the visible part of the spectrum. This has greatly 54 

contributed enhancing knowledge of the aerosol impact on the Earth radiation balance (direct 55 

effect) as well as on the clouds (albedo, lifetime) (indirect effect). However, these processes are 56 

complex as they involve the aerosol distribution (spatial, in particular vertical, and temporal), and 57 

their microphysical and optical properties (size, shape, composition, etc.). Moreover, the accuracy 58 

obtained on the atmospheric radiative effect also depends on surface characteristics (albedo, 59 

temperature). This complexity still leads to large uncertainties in the estimation of aerosols impact 60 

on climate (Forster et al.,, 2007; U.S. Climate Change Science Program, 2009; Hansen et al., 61 

1997; Kaufman et al., 1997; Haywood and Ramaswamy, 1998; Claquin et al., 1998; Sokolik and 62 

Toon, 1999; Myhre and Stordal, 2001; Tanré et al., 2003; Yu et al., 2006; Otto et al., 2007; Müller 63 

et al., 2012; Ryder et al., 2013).     64 

After a long period of relative lack of interest in aerosol remote sensing in the infrared (one of the 65 

oldest reference is by Legrand et al., 1989), a marked growing interest in the infrared is now 66 

observed with the emergence of hyperspectral instruments as AIRS and IASI (Pierangelo et al., 67 

2004, 2005; De Souza-Machado, 2006; Peyridieu et al., 2010; Klüser et al., 2011, 2012; Peyridieu 68 

et al., 2013). Coarse mode aerosols have a higher contribution to infrared radiation compared to 69 

fine mode aerosols. Dust and sea-salt particles are the main components of the coarse mode, the 70 
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latter usually remaining in the planetary boundary layer, at which altitudes infrared radiances 71 

collected at satellite level show poor sensitivity. Most of mineral dust aerosol mass is composed of 72 

particles in the coarse size mode, thus with a potentially high optical depth in the infrared, and can 73 

be brought to high altitudes in the atmosphere, for example in the so-called Saharan Air Layer 74 

(Chiapello et al., 1995, 2005, Tsamalis et al., 2013). Consequently, the remote sensing of aerosols 75 

in the longwave domain mostly focuses on retrievals of mineral dust properties (Pierangelo, 76 

2013). This domain offers some unique opportunities such as nighttime aerosol observation, the 77 

determination of the aerosol layer mean altitude or the aerosol characterization over deserts. 78 

Mineral dust is a major contributor to total aerosol loading and has been the subject of an 79 

increasing number of studies (e.g. Maher et al., 2010; Mahowald et al., 2010; Formenti et al., 80 

2011; Shao et al., 2011; Knippertz et al., 2012) due, in particular, to its potentially large 81 

contribution to atmospheric radiative forcing (Markowicz et al., 2003; Vogelman et al., 2003; Otto 82 

et al., 2007). Visible wavelengths are sensitive to both fine and coarse mode particles when 83 

infrared wavelengths are essentially sensitive to the coarse mode. Associating these two spectral 84 

domains should help improving our knowledge of the impact of aerosols on climate, its variability 85 

and evolution. This requires validating infrared-derived aerosol properties using well recognized, 86 

accurate and independent, measurements of these properties, as well as understanding possible 87 

differences brought by such comparison.  88 

In this study, IASI-derived monthly-mean dust 10 µm AOD, for the period July 2007- June 2013 89 

(Peyridieu et al., 2013), are evaluated using accurate measurements, routinely made and 90 

distributed by the Aerosol RObotic NETwork of sun-photometers (AERONET, Holben et al., 91 

1998), for 38 sites in the tropical band. In this approach, use is made of the 500 nm coarse mode 92 

AOD from the Spectral Deconvolution Algorithm (SDA) (O’Neill, 2003). Then, around the same 93 

38 AERONET sites, IASI-derived altitude is evaluated using observations of the two-wavelength 94 

depolarization lidar CALIOP onboard the satellite CALIPSO (Winker et al., 2007).  95 

IASI, AERONET, and CALIOP data, are described in Section 2. Section 3 describes the method 96 

followed for evaluating IASI results, based on the use of Taylor diagrams (Taylor, 2001) and box 97 

and whiskers plots. Section 4 presents the results of the evaluation. In this section is also discussed 98 

the impact of the choice of infrared refractive index model made in this study. Results of this 99 

evaluation are discussed in Section 5. 100 

     101 

2  Data               102 

 103 

2.1  IASI 104 
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Developed by CNES in collaboration with EUMETSAT, the IASI instrument (Chalon et al., 2001; 105 

http://smsc.cnes.fr/IASI), onboard the MetOp-A polar platform, is a Fourier Transform 106 

Spectrometer that measures Earth-emitted infrared radiation. Launched in October 2006 and 107 

operational since July 2007, it provides 8461 spectral channels, between 15.5 µm (645 cm
-1

) and 108 

3.63 µm (2755 cm
-1

) with a spectral resolution of 0.50 cm
−1

 after apodisation, and a regular 109 

spectral sampling interval of 0.25 cm
−1

. MetOp-A crosses the Equator at 9:30 p.m., Local Time 110 

(LT), on its ascending node. IASI provides a near global coverage twice a day at a spatial 111 

resolution of 12 km at nadir. The period covered by the present study ranges from July 2007 to 112 

June 2013.  113 

The method used to derive dust characteristics from IASI observations is a three-step algorithm 114 

based on a “Look-Up-Table” (LUT) approach (Pierangelo et al., 2004, 2005; Peyridieu et al., 115 

2010, 2013). The first step determines the atmospheric state observed; the second step determines 116 

simultaneously the 10 µm AOD and the aerosol layer mean altitude while the dust coarse mode 117 

effective radius is determined in the third step. It is worth pointing out that, measuring in the 118 

infrared, IASI is essentially sensitive to the dust coarse mode with sensitivity to the fine mode of 119 

about 10% or less. The dust model used is the “Mineral Transported” (MITR) aerosol model from 120 

the “Optical Properties of Clouds and Aerosols” (OPAC) database (Koepke et al., 1997; Hess et 121 

al., 1998). The main microphysical parameters associated with this model are: a mono modal 122 

lognormal distribution with a mode radius=0.5 µm (rmodN), standard deviation of the size 123 

distribution=2.2 (lnσg=0.78), particle density=2.6 g cm
-3

. At 10 µm, the corresponding optical 124 

parameters are: mass extinction efficiency=0.24 m
2
 g

-1
, single scattering albedo=0.48, asymmetry 125 

factor=0.44. Look-Up-Tables of IASI simulated brightness temperatures are calculated using the 126 

forward coupled radiative transfer model 4A/OP-DISORT (Scott and Chédin, 1981; Stamnes et 127 

al., 1988; http://4aop.noveltis.com). Entries to the model include: AOD, altitude, surface pressure, 128 

surface temperature and emissivity, viewing angle, and a set of about 600 atmospheric situations 129 

representative of the tropical band (30°S- 30°N). Over land, surface spectral emissivity is taken 130 

from Capelle et al., 2012. IASI observations are processed spot by spot (daily), averaged monthly, 131 

and gridded 1° by 1°. Several aspects of the retrieval algorithm such as the robustness to aerosol 132 

model (size distribution, shape, and refractive index), the possible contamination by other aerosol 133 

species, the radiative transfer model bias removal, or the cloud mask including discrimination 134 

between clouds and aerosols, etc., were investigated in Pierangelo et al., 2004 and in Peyridieu et 135 

al., 2010.  136 

 137 

2.2  AERONET 138 



 

 

 5 

Accurate ground-based measurements are essential to evaluate satellite-derived aerosol 139 

characteristics. Here, we use the measurements routinely made and distributed by the Aerosol 140 

RObotic NETwork of sun-photometers (AERONET, Holben et al., 1998), particularly the Spectral 141 

Deconvolution Algorithm (SDA) retrieval of the coarse mode AOD monthly averages. Indeed, as 142 

explained by O’Neill (2003), the recognition that the aerosol particle size distribution is 143 

effectively bimodal permits the extraction of the fine and coarse mode optical depths from the 144 

spectral shape of the total aerosol optical depth. Comparison between infrared space borne and 145 

visible ground based instruments requires keeping in mind that IASI observations used here are 146 

made nighttime at 9:30 pm LT, when AERONET measures daytime; this difference should not be 147 

too important at monthly scale, except in the presence of a strong, well established, local diurnal 148 

cycle affecting the free troposphere. A total of 38 AERONET sites have been selected within the 149 

tropical belt, both over oceanic regions (coasts or islands) and over land. Four coastal sites are 150 

used both over land and sea which means that AERONET measurements are associated with IASI 151 

data either over oceanic regions or over land. This selection takes into account the availability of a 152 

sufficient number of items throughout the time period studied: from July 2007 to June 2013, a 153 

maximum of 72 items may be expected; a few sites, representative of a region of interest, with 154 

less than 12 items (6 sites over oceanic regions and 1 over land) have however been kept. To 155 

elaborate a sufficiently large and representative list of sites, the coarse mode AERONET AOD is 156 

of quality “Level 1.5” for a minority of sites (15) selected, meaning that they have been cloud-157 

screened but may not have final calibration applied; the other sites are of quality “Level 2.0” 158 

(quality-assured). Table 1 lists the 38 AERONET sites: name, longitude, latitude, 3-letter code, 159 

elevation (in m), and 500 nm coarse mode AERONET AOD data quality level. Figure 1 shows the 160 

location of each AERONET site selected for this study: top for whole tropical belt, and, bottom, 161 

zoom on the Arabian Peninsula for the sake of readability. Out of all the sites listed in Table 1, the 162 

9 first sites are located in the Persian Gulf or in the Arabian Peninsula, the following 9 are over 163 

Africa, the following 8 over the Atlantic Ocean, and the following 11 over Asia; the last site is 164 

located over Australia.   165 

 166 

2.3  CALIOP 167 

Launched in April 2006, the satellite CALIPSO with the on board two-wavelength depolarization 168 

lidar CALIOP permits an accurate determination of the aerosol altitude (Winker et al., 2009, 169 

2010) to which IASI-derived altitude is here compared. CALIOP, a near-nadir viewing 170 

instrument, has a very narrow swath (beam diameter of 70 m at the Earth’s surface, giving a 16 171 

days repetition cycle). Actually, rarely more than 2-3 collocations between IASI and CALIOP can 172 

be observed during one month in the tropics. For that reason, starting from the L2 5 km aerosol 173 
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layer product (version 3), monthly mean CALIOP altitudes are calculated at a resolution of 3° x 3° 174 

following the approach and quality criteria of Tsamalis et al., 2013. It is worth recalling that the 175 

altitudes seen by either IASI or by CALIOP do not correspond to the same definition. For IASI, it 176 

is an “infrared-equivalent” altitude, i.e. the altitude at which half of the dust optical depth is below 177 

and half of the optical depth is above, when, for CALIOP, it is the mean value calculated from the 178 

vertical distribution of dust occurrence frequency (see Tsamalis et al., 2013 for details), thus 179 

independent from the dust load. The CALIOP mean altitude is calculated in this way in order to 180 

avoid the critical influence of the lidar ratio on the estimation of the extinction coefficient (and the 181 

optical depth), and the possible misclassification of dust layers as polluted dust, which affects the 182 

assignment of the lidar ratio. These issues, already discussed in Tsamalis et al. (2013), are related 183 

to the fact that CALIOP is an elastic lidar, meaning that it needs an assumption about the lidar 184 

ratio to retrieve the extinction coefficient. Recent studies further corroborate our choice, by 185 

finding significant AOD differences between CALIOP and other instruments (Amiridis et al., 186 

2013; Ma et al., 2013; Omar et al., 2013; Tesche et al., 2013). Moreover, IASI shows low 187 

sensitivity to a complex layering of the dust (Pierangelo et al., 2004). 188 

 189 

3  Method 190 

IASI monthly mean 1° x 1° gridded AOD and altitude are first averaged over boxes centered 191 

around each AERONET site. A large majority of the boxes (~70%) are of size ± 1.5° by ±1.5°. 192 

Over land, in particular, this standard box size may slightly vary according to the characteristics of 193 

the terrain (presence of high orography, of lakes, of a complex coastal configuration, etc.). For 194 

each site, all the couples of monthly mean AOD from IASI, provided it is larger than 0.02 (a limit 195 

imposed by the IASI sensitivity to AOD) and from AERONET, available over the period 196 

considered, are included in the evaluation; the same rule applies for IASI and CALIOP altitude, 197 

provided IASI altitude is larger than 1 km. In the following such a couple of data will be referred 198 

to as one item.   199 

To quantify how accurately IASI agrees with AERONET or CALIOP, use is made here of a 200 

Taylor diagram approach (Taylor, 2001). As explained by the author, this diagram can concisely 201 

summarize how well two patterns match each other in terms of their correlation, their root-mean-202 

square (RMS) difference, and the ratio of their variances (or standard deviations). Here, the two 203 

patterns are IASI (AOD or altitude) on the one hand, AERONET for the AOD or CALIOP for the 204 

altitude, on the other. On this diagram, the correlation coefficient and the RMS difference between 205 

the two fields, along with the ratio of the standard deviations of the two patterns, are all indicated 206 

by a single point. In the following, we use the “normalized” version of the Taylor diagram, which 207 

means that the RMS difference and the two standard deviations (one for each pattern) have been 208 
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normalized by the standard deviation of the corresponding reference field, here AERONET for the 209 

AOD or CALIOP for the altitude.  210 

Moreover, because the diagram has been designed to convey information about centered pattern 211 

differences, we also use box and whiskers plots to characterize the distributions of the differences 212 

between the two patterns considered. This approach is important in the sense that such box plots 213 

display differences between populations without making any assumptions of the underlying 214 

statistical distribution. In the plots presented here are shown the 1
st
 and 3

rd
 quartiles, the median, 215 

the ends of the whiskers being the minimum and maximum of all of the data remaining after 216 

elimination of “outliers” (see below). 217 

For the AOD, such a comparison raises the problem of the difference between the two spectral 218 

domains used: infrared (IASI) and visible (AERONET). Assuming a mono modal size distribution 219 

in the two cases (the contribution of the fine mode to the IASI AOD is ~10% or less, Pierangelo, 220 

2013), the IR (10 µm) /Vis (500 nm) AOD coarse-mode ratio essentially depends on the refractive 221 

index, on the width of the size distribution and on the effective radius. Because the parameters 222 

involved in the determination of the ratio vary from one site to another (and possibly throughout 223 

the time period for a given site), there is no one common factor reconciling the two observation 224 

metrics. To overcome this difficulty, a fit is done, site by site, including all the available items 225 

(monthly IASI-AERONET bins) over the period studied, resulting in an IR (10 µm) /Vis (500 nm) 226 

AOD coarse-mode “empirical” site ratio. As detailed in Appendix A, a theoretical site ratio can be 227 

estimated from the a priori knowledge of the aerosol microphysical properties (size distribution 228 

and effective radius, refractive index), using a Lorenz-Mie calculation (see, for example, 229 

Mishchenko et al., 2002). Results show that the theoretical ratio strongly varies with both the size 230 

distribution (Figure A3, left), and the refractive index (Figure A3, right). For typical values of the 231 

effective radius and width of the size distribution from AERONET, the theoretical ratio may vary 232 

between 0.6 and 1.3. However, being provided by the AERONET database at each site studied, 233 

these two parameters are not a real problem for the evaluation of IASI. Regarding the refractive 234 

index, the theoretical ratio, estimated using the microphysical properties measured by AERONET, 235 

may vary from 0.4 for aerosol close to sources (e.g. “dust-like”, or Volz, 1972 and 1973, cited by 236 

Fouquart et al., 1987) to 1.1 for aerosols transported far from the sources (e.g. MITR or 237 

“Revisited”). This is a very large range of variation: assuming such or such refractive index model 238 

can lead to quite a different theoretical site ratio. As a consequence, assuming a wrong refractive 239 

index directly leads to a bias between IASI infrared and AERONET visible AOD.  The dramatic 240 

lack of knowledge of the true infrared refractive index model to use at each site explains our 241 

choice for the determination of “empirical” IR/Vis AOD coarse-mode site ratios through a fitting 242 

procedure. The problem raised by this method is that of a bias potentially affecting the IASI AOD 243 
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(or AERONET coarse mode AOD): in that case, the procedure will mask the bias and produce a 244 

wrong empirical site ratio. As discussed in the following (section 4.1), results of the site-by-site 245 

empirical fits are within the range of variation of their theoretical values and, also, in reasonable 246 

agreement with values from Highwood et al. (2003). In addition to leading to wrong empirical site 247 

ratios, the presence of biases should affect the amplitude of the seasonal cycles, as well as degrade 248 

the correlation. Both information are given and discussed site by site; they should help assessing 249 

the quality of the retrieved IASI AOD. In the remaining of the paper, for each AERONET site, the 250 

visible coarse mode AOD is multiplied by the empirical site ratio prior to being compared to IASI 251 

infrared AOD.  252 

Finally, all statistical results are given after having eliminated so-called “outliers” for which the 253 

difference between the IASI and the reference data stands too far from the mean of all the sites. 254 

Here, the test distance has been chosen so that about 7% of the items are eliminated. Outliers may 255 

correspond to remaining thin clouds not detected by the cloud detection algorithm, to strong 256 

temporal aerosol heterogeneities (having in mind that IASI and AERONET, and a fortiori 257 

CALIOP, do not often measure the same days in the month), or to limits of the IASI retrieval 258 

algorithm, or to errors in the AERONET (AOD) or CALIOP (altitude) observations. This 259 

procedure allows eliminating cases which would otherwise mask the real performance of the 260 

evaluation. 261 

 262 

4  Results 263 

 A few remarks are necessary to explain the analysis below. First, the signal induced on IASI 264 

observations by each variable of interest, here AOD or altitude, depends on its magnitude. This is 265 

however less trivial for the altitude but, generally, the higher the altitude the larger the signal. This 266 

is due to the decreasing thermal contrast between the surface and the atmosphere when 267 

approaching the surface. Hence, infrared sounders show a limited sensitivity to the boundary 268 

layer. Second, the signal induced by altitude is intrinsically smaller than that induced by AOD: 269 

retrieving accurate altitude is therefore more difficult, even more so for low AOD. Third, IASI, a 270 

remarkably accurate and stable instrument, has a drawback with the larger noise of its short 271 

wavelength channels used for a good disentangling of the AOD and altitude respective signals; 272 

this difficulty has more impact on the altitude than on the AOD.                                       273 

4.1  Evaluation of IASI 10 µm AOD 274 

In the following, for the sake of a simpler identification, each site name is followed by a 275 

parenthesized number referring either to Table 2 for sites over oceanic regions, or to Table 3 for 276 

sites over land. As mentioned previously, a few sites are used both over oceanic regions and over 277 

land which means that AERONET measurements are associated with IASI data either over 278 
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oceanic regions or over land. This is the case of: Dakar, Karachi, Pune, and Solar_Village, the 279 

latter, an obvious land site, for reasons discussed below.   280 

 281 

4.1.1 IR/Vis AOD coarse-mode site ratios 282 

IR/Vis AOD coarse-mode ratios have been computed for all the sites, over oceanic regions and 283 

over land, as explained in section 3.  It is important to point out that the quality of the fit for each 284 

site will depend on the number of items available (as said above, a maximum of 72 items, six 285 

years, may be expected). Sites with obviously not enough items to correctly represent the seasonal 286 

cycle may lead to a wrong site ratio. For that reason, site ratio statistics exclude those with less 287 

than 20 items. The site of Izana, measuring at an altitude of ~2.4 km, is also excluded. Averaged 288 

over all remaining sites, the mean ratio comes to 0.79±0.25 for the sites over oceanic regions, and 289 

to 0.55±0.15 for the sites over land. The fact that the mean site ratio is larger over oceanic regions, 290 

where the MITR aerosol model seems best adapted, than over land, where the “dust-like” or 291 

“Volz-Fouquart” model is a priori better adapted, agrees with the theory (see Appendix A). One 292 

may also remark the slightly (in percent) larger standard deviation for the sites over oceanic 293 

regions, compared to the sites over land. This may be due in part to the label “sea” given to sites 294 

far from the aerosol sources, as well as to sites, e.g. those of the Persian Gulf, closer to sources. 295 

This is also due to the two Tenerife sites (TEL and TES), both showing ratios much larger (~1.2) 296 

than the mean. Kalashnikova and Kahn (2008) had already observed the particular behavior of 297 

these sites, still not clearly understood.  298 

 299 

4.1.2 Evaluation of IASI 10 µm AOD over oceanic regions 300 

Table 2 gives, site by site, the correlation (column 5) obtained between IASI and 500 nm coarse 301 

mode AERONET AOD, and the normalized standard deviation of IASI (last column). In the 302 

following, the normalized standard deviation will be referred to as “amplitude”, as often 303 

representative of the amplitude of the seasonal cycle. For each site, identified by its full name, 3-304 

digit code and number (resp., columns 1 to 3), the number of items in the statistics is also given. 305 

The last line of this table gives the overall statistics. Sites marked by an asterisk indicate that the 306 

AERONET coarse mode AOD at this site is “Level 1.5” instead of “Level 2.0” (see section 2.2). 307 

There are 32% such sites. Bold names correspond to sites for which the full period averaged IASI 308 

AOD is less than 0.08, knowing that a majority of sites have an averaged AOD of the order of 309 

0.15 (see also the AOD time series in the Supplemental Material). With a total of 786 items and 310 

overall correlation of 0.86, one may reasonably conclude that IASI matches well AERONET. 311 

Suppressing the elimination of outliers leads to overall correlation of 0.78 for 853 items. Site by 312 

site, disparities appear with, for example, CRPSM_Malindi(8) and a weaker correlation of 0.51, 313 
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mainly due to the small IASI AOD observed throughout the period (average AOD of 0.04), at or 314 

even under the limit of the method, perhaps also due to the quality “Level 1.5” of this site. 315 

However, other “Level 1.5” sites show good correlations as Pune(20) or Dhaka_University(21), 316 

0.81 and 0.85, respectively.  317 

Figure 2 shows the Taylor diagram (normalized by the reference AERONET) for the IASI and the 318 

AERONET coarse mode AOD. On this figure, the labels (numbers) correspond to that of Table 2 319 

and the symbol “av” stands for the result obtained when all items from the 25 sites over oceanic 320 

regions are merged. In addition to the good overall correlation of 0.86 already seen, this diagram 321 

brings into evidence an overall (“av”) amplitude of 0.93, similar to that of AERONET, marked by 322 

the cyan circle of radius 1 (by definition of the reference). Four sites, located far from aerosol 323 

sources, Camaguey(10), Capo_Verde(11), La_Parguera(16), and Ragged_Point(17) show an 324 

amplitude close to 1., with good correlations. Three sites of the Persian Gulf (Dhabi(2), 325 

Dhanah(3), Mussafa(5)) and Dakar(12), which are relatively close to aerosol sources, show 326 

smaller amplitudes (by about 25%). For Dhabi(2) and Mussafa(5) to a lesser extent, the number of 327 

items is low. For these sites, the MITR model is probably not the best adapted. 328 

CRPSM_Malindi(8), with a weak correlation, shows a much larger amplitude (1.4) compared to 329 

the reference, as KAUST_Campus(7) with an amplitude of 1.8 (and a better correlation of 0.78). 330 

Results for sites as GOT_Seaprism(22), Ningbo(24), or Lucinda(25) are not really significant, 331 

probably due to their low numbers of items, see Table 2. These differences may, at least partially, 332 

be due to the way the AERONET metrics is adapted to the IASI metrics (see section 3). As 333 

already explained in section 3, biases affecting IASI AOD, or too few AERONET measurements, 334 

poorly distributed throughout the time period studied, can degrade the fit, leading to a wrong 335 

IR/Vis coarse-mode AOD ratio. The correlation is weak for the two sites MCO-Hanimaadhoo(19) 336 

and EPA-NCU(23). Both are under the influence of a variety of aerosol sources, as revealed by 337 

trajectory analysis (Eck et al., 2001, Wang et al., 2010). They are also sites where conditions make 338 

the MITR aerosol model inappropriate; this problem is discussed in section 4.3.  339 

Figure 3 shows the box and whiskers plot for the difference between IASI and AERONET AOD: 340 

1
st
, 3

rd
 quartiles and median. The ends of the whiskers are the minima and maxima of all of the 341 

data, outliers excluded. For the overall sample, there is almost no skewness, and a relatively small 342 

inner quartile range (3
rd

 quartile minus 1
st
 quartile) of ~0.05. Most sites show a small skewness 343 

with the noticeable exception of Izana(14), but the altitude of this site is of ~2400 m (see also 344 

section 3), and of the sites with too small a number of items (Dhabi(2), KAUST_Campus(7), 345 

Dhaka_University(21), etc.), which actually display dubious results as far as the data distribution 346 

is concerned. For the sites with more items available, poor results may indicate the use of a wrong 347 

IR/Vis coarse-mode AOD ratio (see above). 348 
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 349 

4.1.3 Evaluation of IASI 10 µm AOD over land 350 

As in Table 2 for the sites over oceanic regions, Table 3 gives the correlation (column 5) obtained 351 

between IASI and 500 nm coarse mode AERONET AOD, and the amplitude (last column). Here, 352 

the overall correlation reaches 0.74 for 619 items (0.67 for 660 items without elimination of the 353 

outliers), a relatively good result keeping in mind that, here, the proportion of “Level 1.5” sites 354 

(marked by an asterisk) is larger than over oceanic regions (47%). The overall amplitude (0.86) is 355 

significantly lower than for the sites over oceanic regions (0.93). This is also due to the use of the 356 

MITR model for sites close to aerosol sources. As for the sites over oceanic regions, site by site 357 

disparities appear with, for example, the high correlation (0.87) of Tamanrasset_IMN(8), however 358 

with only 14 items available, or the weak correlation (0.47) of Solar_Village(2). This poor 359 

correlation for a site with a relatively high number of items (55) has at least two explanations: 360 

terrain heterogeneities and elevation (about 850 m). This situation complicates the retrieval of 361 

AOD by rendering channels sounding low in the atmosphere even more transparent and hence 362 

more affected by surface heterogeneities. As a consequence, errors in the surface emissivity 363 

and/or temperature have larger consequences. This has led us to associate Solar_Village 364 

AERONET measurements with IASI data at the nearest region (centred at 27N, 51E, box of ±1° in 365 

latitude and longitude) over oceanic regions of the Persian Gulf, having in mind the prevalence of 366 

roughly similar weather conditions over the Arabian Peninsula during the pre-monsoonal (spring) 367 

and monsoonal (summer) period, when maximum dust activity occurs (Walters Sr. and  Sjoberg, 368 

1990; Smirnov et al., 2002, Leon and Legrand, 2003). This time, a strong correlation of 0.83 is 369 

obtained as seen in Table 2 and Fig. 3. We see this result as a confirmation of the increased 370 

difficulty in retrieving aerosol characteristics over “difficult” terrains. Except Zouerate-371 

Fennec(10) and Pune(13), all other “Level 1.5” sites show relatively weak correlations.  372 

Figure 4 shows the Taylor diagram (normalized by the reference AERONET) for IASI and 373 

AERONET coarse mode AOD. The largest discrepancies, marked by a much too low amplitude 374 

compared to AERONET, can be seen at three “Level 1.5” sites (Hada_el_Sham(3), 375 

Zinder_Airport(9), and Zouerate_Fennec (10)), although the latter shows a strong correlation; 376 

however, Pune(13), also a “Level 1.5” site, shows good results. Among the “Level 2” sites, 377 

Tamanrasset_IMN(8) shows a strong correlation but too low an amplitude (~0.75), 378 

Gual_Pahari(15) has good results, and Solar_Village(2) has the weakest correlation and an 379 

amplitude too low by ~20% (note that, as an “over oceanic regions” site, its amplitude is almost 380 

equal to 1; see Fig. 3). The amplitude corresponding to the whole ensemble of items from the 17 381 

sites over land merged (“av” on the graph) is slightly smaller (13%) than that of the reference 382 

(AERONET). Actually, all sites show a deficit, some of them (Mezaira(1), Karachi(12), 383 
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Jaipur(14)) more than the others. This is all the more true over Sahara, most sites being “Level 384 

1.5”. These results confirm that the MITR model is not well adapted to these situations, closer to 385 

sources. They also show that the presence of pronounced terrain heterogeneities has a negative 386 

impact on the accuracy of the AOD retrieved from IASI, this being due to the increased difficulty 387 

in determining surface characteristics (emissivity and temperature; see Capelle et al., 2012).  388 

Figure 5 shows the box and whiskers plot for the difference between IASI and AERONET AOD: 389 

1
st
, 3

rd
 quartiles and median for the sites over land. Results are significantly worse than over 390 

oceanic regions, with a majority of skewed distributions, most pronounced for Mezaira(1) and 391 

Tamanrasset_IMN(8), the latter with only 14 items (and an elevation of ~1400 m). As a 392 

consequence, the overall distribution is slightly skewed and the ends of the whiskers are at about 393 

±0.15 instead of ±0.1 over oceanic regions.  394 

Both over oceanic regions (coastal) and over land, the sites of the Middle East are not among the 395 

best with a few exceptions. This might be due to the aerosol heterogeneity in this region 396 

(Kaskaoutis et al., 2010) where coarse mode desert dust aerosols often mix with fine mode 397 

pollution aerosols largely produced by the petroleum industry, themselves possibly affected by 398 

aerosol humidification growth (Smirnov et al., 2002; Eck et al., 2008; Reid et al., 2005-2008; 399 

Basart et al., 2009). This is somewhat similar for Ilorin(11) and Kanpur(16) (Singh et al., 2004; 400 

Eck et al., 2010). One may remark that the “Global dust model intercomparison in AeroCom 401 

Phase I” (Huneeus et al., 2011) came to similar conclusions for the Middle East AERONET 402 

stations and the coarse mode AOD. More generally, results over land are significantly worse than 403 

over oceanic regions, the main reasons being (i), the use of the MITR model, particularly its 404 

refractive index in the infrared (see Appendix A), for sites close to aerosol sources, (ii) the greater 405 

complexity of the surface (heterogeneities, elevation) and, (iii), the episodic presence of dust in 406 

the lower troposphere, particularly for sites close to active sources (Sahara, for example), to which 407 

IASI is poorly sensitive, contrary to AERONET. Close to sources, the measurement time 408 

difference between IASI (at night) and AERONET may also be a problem due to the presence of a 409 

diurnal cycle (Kocha et al., 2013).  410 

 411 

4.2  Evaluation of IASI altitude over oceanic regions 412 

As in Table 2 for the AOD, Table 4 gives the correlation (column 5) obtained between IASI and 413 

CALIOP altitude and the amplitude (last column). Overall statistics with all sites merged give a 414 

correlation of 0.65 for 929 items, and overall amplitude of 0.91. Eliminating three sites: 415 

CRPSM_Malindi(10), due to too low a mean AOD (0.04), Ningbo(24) and Lucinda(25) due to too 416 

low a number of items (14), gives a correlation of 0.7 for 853 items (overall amplitude: 0.92). 417 

These weaker correlations, compared to the AOD, had to be expected due to (i), the sensitivity of 418 
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IASI, lower to altitude than to AOD (Pierangelo et al., 2004), (ii), the different definitions of the 419 

two altitude products (see section 2.3), (iii), the large differences in the space-time resolution of 420 

IASI and CALIOP. Here again, site by site disparities appear with, for example, sites far from the 421 

sources characterized by a weak AOD throughout the time period (see Table 2, bold face sites). 422 

CRPSM_Malindi(8), Camaguey(10), La_Parguera(16), Ragged_Point(17), GOT_Seaprism(22), 423 

EPA-NCU(23), or Lucinda(25), are examples of such sites, showing a low correlation. This is due 424 

to the fact that a low AOD increases the difficulty of determining the altitude from IASI (there are 425 

a few exceptions: MCO-Hanimaadhoo(19) or Pune(20), which show strong correlations of 0.82 426 

and 0.78, resp.). Sites as Calhau(9) or Capo_Verde(11), or some sites of the Persian Gulf, closer to 427 

sources, show better correlations.  428 

Figure 6 shows the Taylor diagram for IASI and CALIOP altitude over oceanic regions, CALIOP 429 

being the reference. In addition to the overall correlation already seen, if this diagram shows 430 

overall amplitude similar to that of CALIOP (0.91), it also brings into evidence a large dispersion 431 

of the amplitudes for the sites. Among the “Level 2” sites with a mean AOD larger than 0.08, 432 

much too small amplitudes are observed for the three sites at Tenerife(13-15), overlapping with an 433 

amplitude of ~0.60 and a correlation of ~0.63, and for Karachi(18). Too large amplitudes are 434 

observed for Dakar(12), Abu_Al_Bukhoosh(1) or Dhabi(2). Sites with a mean AOD less than 0.08 435 

generally show poor results. Again, we see that the method cannot be applied to low AOD 436 

situations. The box and whiskers plot for the difference between IASI and CALIOP altitude, 1
st
, 437 

3
rd

 quartiles and median, over oceanic regions is shown in Figure 7. In this figure, the difference 438 

between the median and zero is the bias observed between IASI and CALIOP. Here, a systematic 439 

bias of -0.4 km (IASI-CALIOP) has been removed. The overall standard deviation is of 0.48 km, 440 

explained in part by the layering of the radiative transfer code used to compute the LUTs: two 441 

adjacent layers are separated by ~0.85 km. For the overall sample, there is no skewness and an 442 

inner quartile range (3
rd

 quartile minus 1
st
 quartile) of ~0.8 km. Most sites show a small skewness 443 

with the exception (again) of CRPSM_Malindi(8), Camaguey(10), Dakar(12), and 444 

GOT_Seaprism(22). Lucinda(25) again shows a strange behavior. Largest remaining biases seen 445 

on Fig. 7, -0.4 km, giving a total bias of -0.8 km, are observed for the three Tenerife sites. These 446 

results over oceanic regions must be improved; they demonstrate that the difficulties met in 447 

determining the AOD are largely amplified when determining the altitude. 448 

For a majority of sites over land, essentially over deserts, results for altitude are not satisfactory. 449 

To the reasons discussed above for the AOD, must be added the lower sensitivity of IASI to 450 

altitude. Work is in progress to solve these difficulties. 451 

 452 

4.3 Impact of the refractive index in the infrared  453 
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If numerous measurements of the aerosol refractive index (real and imaginary parts) actually exist 454 

in the visible part of the spectrum, this is not the case in the infrared. However, refractive indices 455 

in the infrared are often marked by a relatively large spectral variability from one source of 456 

aerosol to another. Sokolik et al., 1998, listing most of the existing measurements of mineral 457 

aerosol infrared refractive index, well illustrate this variability. This can cause important changes 458 

in the aerosol optical characteristics (Sokolik et al., 1998; Claquin et al., 1998; Sokolik and Toon, 459 

1999; Pierangelo, 2013) and, consequently, in the dust radiative forcing, both in the infrared and 460 

in the visible. Figure A2 of the Appendix shows infrared refractive indices from four sources: 461 

MITR from the OPAC data base (Hess et al., 1998), resulting from the measurements by Volz 462 

(1973) and representative of desert dust far from the sources; “dust-like” from the measurements 463 

by Volz (1972, 1973), more representative of non desert mineral aerosols generated from soil; 464 

“Revisited” proposed by Balkanski et al. (2007) in an effort to reevaluate mineral aerosol radiative 465 

forcings, and “Fouquart” from Saharan dust measurements above Niger (Volz cited by Fouquart et 466 

al., 1987). At this stage, it is worth pointing out that, in the infrared, the impact of the refractive 467 

index is difficult to quantify a priori since it depends on the variability of both its imaginary and 468 

real parts at the central wavelengths of all the channels used in the retrieval process (Pierangelo et 469 

al., 2004). Locations of the IASI channels used in the present approach are shown by the vertical 470 

bars on Fig. A2. Because this study was carried out using a single refractive index model, actually 471 

the MITR model, whatever the location of the site considered is, it appeared important to test the 472 

sensitivity of the results to a change of the refractive index. IASI results have thus been 473 

reevaluated using the “Revisited” mineral dust refractive index (Balkanski et al., 2007), which 474 

shows significant differences with the MITR model, in particular around 9.3, 11.5 or 11.8 µm, as 475 

illustrated by Fig. A2.  476 

With this new refractive index model, new LUTs have been computed and the whole retrieval 477 

process redone. Figure 8 summarizes the differences found between the “MITR evaluation” and 478 

this new evaluation for the sites over land (see Table 3). On this figure are shown differences, site 479 

by site and total, between MITR and “Revisited” for the correlation (red) and the amplitude (blue) 480 

for the AOD (IASI versus AERONET). Positive (resp. negative) values mean better correlation, 481 

and amplitude closer to 1, for MITR (resp. “Revisited”). A few conclusions stand out from this 482 

comparison. Concerning the correlation, there are four differences larger than 0.10. Two are in 483 

favour of MITR: Dakar(6) by 0.12 and Gual_Pahari(15) by 0.15, the latter with too low a number 484 

of items to be really significant; two are in favour of the “Revisited” IR refractive indices: 485 

Ilorin(11) by 0.11 and Kanpur(16) by 0.17, a site being under the influence of the Thar desert, the 486 

primary potential source of dusts in the Indian subcontinent (Dey et al., 2004 and references 487 

herein). Differences in amplitude are more contrasted with three sites in favour of MITR 488 
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(Mezaira(1), Solar_Village(2), and Ilorin(11)), and four sites in favour of “Revisited” 489 

(DMN_Maine_Soroa(7), Karachi(12), Pune(13), and Kanpur(16)). Some sites show larger 490 

correlation but smaller amplitude contrary, for example, to Kanpur with the two results in favour 491 

of “Revisited”. Concerning the box and whiskers results we have observed that differences in the 492 

median are negligible and that differences in the inner quartile range are slightly more important, 493 

the three largest differences (however less than 0.04) being in favour of “Revisited”.  494 

These results bring into evidence the significant impact of this change in refractive index model 495 

for some sites and the relevance of the Sokolik et al. (1998) recommendation regarding the use of 496 

such or such refractive index according to the geographical region considered. Differences 497 

between the two experiments made here are significant and point out the need of more new 498 

experimental measurements. As detailed in Appendix A, they would be even more significant 499 

with the “dust-like” or the “Fouquart” refractive index models as they differ more from the MITR 500 

model than does the “Revisited” model. 501 

 502 

4.4 AOD and altitude time series 503 

Time series of the AOD from IASI and AERONET and of the altitude from IASI and CALIOP 504 

give another view of the degree of agreement between the different sources of products. They also 505 

highlight the frequent lack of AERONET data throughout the period of study. Lack of IASI data 506 

are also seen due to not enough IASI daily results in the monthly average (presence of persistent 507 

clouds, rejection by the algorithm, etc.). Because of the relatively large number of sites considered 508 

in this study, we present the time series figures in the “Supplemental Material” associated with 509 

this paper.  510 

Figure S1 shows time series of the 10 µm IASI AOD (red) and of the AERONET coarse mode 511 

500 nm AOD (black), for the sites over oceanic regions. AERONET AOD is scaled by the 512 

empirical IR/Vis coarse-mode AOD site ratio, determined as explained in section 3, and shown 513 

top-left of each figure. Figure S2 shows similar time series for the sites over land. Several remarks 514 

can be made about these figures. A relatively modest result seen from the Taylor diagrams can 515 

result from low AOD (for example, CRPSM_Malindi(8), Lucinda(25), GOT_Seaprism(22), etc.). 516 

A good correlation can mask an IR/Vis ratio a priori far from its theoretical value: a ratio of 2.3 is 517 

obtained at Izana(14), which site elevation (2400 m) is problematic when comparing to IASI, 518 

which integrates the whole atmospheric column. For the same site, the difference between the 519 

amplitudes of the IASI and the AERONET time series is obvious; as already said, an anomalous 520 

ratio can mask a bias of the IASI AOD. Similar remarks can be made for the sites over land. For 521 

example, the smaller amplitudes of the IASI time series for Mezaira(1), Agoufou(4), 522 

Banizoumbou(5), DMN_Maine_Soroa(7), Zinder_Airport(9), or Zouerate_Fennec(10), however 523 
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all “Level 1.5” sites, except the first one. The same time series also bring into evidence the likely 524 

too high IASI AOD outside the aerosol season. Incidentally, the largest IASI AOD ever observed 525 

in this study, ~0.7, is for Qiandaohu(17) over land. There are no AERONET measurements for 526 

this event (December 2008) but one exists for the nearby site of LA_TM (119.40E, 30.32N). Fig. 527 

S3 shows the corresponding AOD time series which confirm the IASI observation for this event. 528 

Figure S4 shows time series of the IASI (red) and CALIOP (green) altitude (km) for the sites over 529 

oceanic regions. The most obvious remark is the (expected) difficulty of deriving altitude in case 530 

of weak AOD (see, for example, CRPSM_Malindi(8), or EPA_NCU(23)). Also, there are several 531 

amplitude problems (Tenerife sites (13-15), Karachi(18), etc.), or phase shift (Calhau(9), 532 

Capo_Verde(11), etc.), illustrating that improving the method is still necessary.  533 

 534 

5.  Discussion and conclusions   535 

 536 

5.1 AOD 537 

In this study, IASI-derived dust AOD has been evaluated using AERONET ground-based 538 

measurements of the 500 nm coarse mode AOD for 38 sites (among which four are used both over 539 

oceanic regions and land) of the tropical band. There are sites over oceanic regions, over land, and 540 

over desert. Most sites are of AERONET quality “Level 2” (quality-assured), the rest being of 541 

quality “Level 1.5”, meaning that they have been cloud-screened but may not have final 542 

calibration applied. The evaluation method relies on the analysis of Taylor diagrams and of box 543 

and whiskers plots. To overcome the difficulty raised by the difference between the two spectral 544 

domains used to derive the AOD, hence having different metrics, a fit is done, site by site, 545 

including all the available items for the period studied, resulting in an IASI IR (10 µm) 546 

/AERONET Vis (500 nm) AOD “empirical” coarse-mode site ratio. Theory (see Appendix A for 547 

details) shows that this ratio essentially depends on the refractive index, in particular its infrared 548 

part, much less measured than its visible part, on the width of the size distribution and on the 549 

effective radius, the latter two being in principle given at each AERONET site. These parameters 550 

varying from one site to another (and, often, from one day to the next), there is no one common 551 

factor reconciling the two observation metrics. For sites over oceanic regions, we infer a mean 552 

ratio of 0.79±0.25; a lower mean ratio is obtained over land: 0.55±0.15. Although these values are 553 

compatible with theoretical simulations, the dispersion is significant and not only comes from the 554 

variability, site by site, of the influencing variables, but also from the possible improper use of the 555 

MITR aerosol model for such or such site. As shown in section 3 and Appendix A, theoretical 556 

values of this ratio vary from 1.1, using the MITR refractive index model, to 0.4, using models 557 

more representative of aerosols closer to sources. The problem raised by the determination of an 558 



 

 

 17 

“empirical” coarse-mode site ratio is that of a bias potentially affecting the IASI AO: in that case, 559 

the procedure will mask the bias and produce a wrong empirical site ratio. Large differences in the 560 

amplitudes of the IASI and scaled-AERONET AOD time series, as well as degraded correlations, 561 

are potential signs of such a problem. Also, if too few items are available over the time period 562 

studied, the fit may not be really representative of the whole seasonal cycle and hence may lead to 563 

an improper ratio: the smaller the number of items, the less reliable the results.  In general, results 564 

are significantly better over oceanic regions, where surface characteristics (temperature, 565 

emissivity) are more accurately retrieved, than over land, particularly in case of heterogeneous 566 

terrains.   567 

Over oceanic regions, the main results found for the AOD in this work are: (i), a strong overall 568 

correlation of 0.86 between IASI and AERONET monthly mean AOD for the 786 items 569 

representing all the months available at the 25 sites; (ii), weaker correlations observed for some 570 

sites with complex aerosol situations marked by the influence of a variety of sources, or for some 571 

sites that may reasonably be suspected not to correspond to the MITR model used here (Hess et 572 

al., 1998); (iii), overall amplitude (normalized standard deviation) similar to that of AERONET; 573 

(iv), no skewness of the overall sample (as well as of most site samples) and a relatively small 574 

inner quartile range of ~0.05.  575 

Over land, the overall correlation comes to 0.74 for the 582 items representing all the months 576 

available at the 17 sites over. This is a relatively high correlation keeping in mind that, here, the 577 

proportion of “Level 1.5” sites is larger (47%) than over oceanic regions (32%). All sites show 578 

smaller amplitude than that of the reference AERONET (amplitude of 0.86 for the overall 579 

sample), the stronger discrepancy found over Sahara, where most sites are “Level 1.5”. In addition 580 

to the explanations already seen for sites over oceanic regions, pronounced terrain heterogeneities, 581 

increasing the difficulty of determining surface characteristics (emissivity and temperature; see 582 

Capelle et al., 2012), have a negative impact on the AOD accuracy. The box and whiskers 583 

diagram over land (Fig. 5) shows results that are significantly degraded compared to the ones over 584 

the oceans (Fig. 3) with a majority of skewed distributions. 585 

 586 

5.2 Altitude 587 

With 929 items for the whole period (all sites over oceanic regions), the overall correlation is of 588 

0.65, and the overall amplitude is of 0.91. Eliminating three sites: CRPSM_Malindi(10), due to 589 

too low a mean AOD (0.04), Ningbo(24) and Lucinda(25) due to too low a number of items (14), 590 

gives a correlation of 0.7 for 853 items (overall amplitude: 0.92). This is significantly less good 591 

than for the AOD but still acceptable. Actually, a correlation weaker than for the AOD was 592 

expected due the great difference between the two approaches (definition of the altitude, 593 
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difference in the space-time resolutions, and lower sensitivity of IASI to altitude than to AOD). It 594 

is also seen that low IASI AODs increase the difficulty of determining the altitude from IASI. The 595 

Taylor diagram that depicts the altitude of the dust layer over the oceans (Fig. 6) shows overall 596 

amplitude similar to that of AERONET, and also brings into evidence a large dispersion in the site 597 

amplitudes. There is a systematic bias of -0.4 km between IASI and CALIOP (IASI-CALIOP). 598 

The box and whiskers plot (Fig. 7, on which the systematic bias has been removed) for the overall 599 

sample shows a small skewness and a relatively small inner quartile range (3
rd

 quartile minus 1
st
 600 

quartile) of ~0.55 km. Most sites show no pronounced skewness. Results over land, particularly 601 

over deserts, are not satisfactory. We suggest that this is due to terrain heterogeneities and 602 

elevation as well as to the residual presence of dust aerosols in the lower troposphere. Work is in 603 

progress to solve these difficulties.  604 

 605 

5.3 Problem of the refractive index 606 

One of the limits of the present approach is the systematic use of the MITR refractive index 607 

model. The experiment consisting in changing this model with the “Revisited” IR refractive 608 

indices from Balkanski et al. (2007) and proceeding to a new evaluation has brought some 609 

indications concerning the sensitivity of such an evaluation to this assumption. First, the 610 

significant impact of this change in refractive index model for some sites: two sites (resp. one) 611 

show a better correlation with “Revisited” (resp. MITR); four sites (resp. three) show a better 612 

amplitude with “Revisited” (resp. MITR). Second, the relevance of the Sokolik et al. (1998) 613 

recommendations regarding the use of refractive index adapted to the geographical region 614 

considered. For example, Highwood et al. (2003), analysing infrared interferometric 615 

measurements made during the Saharan Dust Experiment (SHADE), get the best agreement when 616 

using the “Fouquart” refractive index model.  This highlights the need of more new experimental 617 

measurements of refractive indices for more geographical aerosol source regions. Recent 618 

publications by Journet et al., 2014, and by Di Biagio et al., 2014, seem promising. The method 619 

used here to derive aerosol characteristics from IASI is immediately applicable to such new 620 

measurements. 621 

 622 

5.4 Difficulties of the evaluation 623 

Such an evaluation meets several problems. First, the number of IASI-AERONET monthly mean 624 

AOD bins per site is often much smaller than the number of months of the period studied (72). 625 

The most complete site is, by far, Capo_Verde, with 65 items. The overall mean is ~33, with large 626 

variations, and the time distribution is not always representative of the seasonal cycle. Second, 627 

measuring either in the visible or in the infrared, AERONET and IASI do not share the same AOD 628 
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metrics. The fit used to adapt the AERONET metrics to that of IASI must be made site by site due 629 

to the dependence of the infrared to visible AOD coarse-mode ratio on the refractive index, the 630 

size distribution and the effective radius, all varying from one site to another. A wrong empirical 631 

ratio may result from the improper use of the MITR model for such or such site, from the presence 632 

of IASI AOD biases, or from a fit with too small a number of items. Wrong site ratios should, in 633 

principle, correspond to differences in the amplitude of the IASI and AERONET AOD time 634 

series, as well as to degraded correlations. However, as shown in the Appendix, it is interesting to 635 

point out that, despite its limited accuracy, the “empirical” IR/Vis AOD coarse-mode ratio, 636 

directly determined by the ratio of the IASI-retrieved 10µm AOD and the AERONET 500nm 637 

coarse-mode AOD, can be interpreted as a marker of the aerosol situation observed. Over land, 638 

and particularly over desert, terrain heterogeneities may render the determination of the surface 639 

characteristics more problematic, resulting in a degradation of the dust properties derived from 640 

IASI. Moreover, the episodic presence of dust within the lower troposphere, particularly for sites 641 

close to active sources (Sahara, for example), to which IASI is poorly sensitive, contrary to 642 

AERONET, may also lead to differences between ground based AERONET observations and 643 

IASI retrievals. Finally, the level of IASI radiometric noise at short wavelengths hampers the 644 

altitude retrieval which quality relies on a combination of longwave and shortwave channels 645 

(Pierangelo et al., 2004; Peyridieu et al., 2013).    646 

 647 

In spite of these difficulties, the overall agreement between IASI and AERONET for the AOD and 648 

between IASI and CALIOP for the altitude is satisfactory. AERONET, CALIOP, and IASI, all 649 

have their advantages and drawbacks: the present results demonstrate the usefulness of IASI data, 650 

which are planned to cover a long period of time, as an additional constraint to a better knowledge 651 

of the impact of aerosols on the climate system. With the purpose of a still more acute comparison 652 

between IASI and AERONET, work is in progress to analyze IASI results at daily scale, over the 653 

tropics as well as over the mid-latitudes. Preliminary results, in particular over the Mediterranean Sea, 654 

are encouraging.  655 

 656 
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Table 1. List of the 38 AERONET sites selected for this study: name, longitude (degree), latitude 910 

(degree), 3-letter code, elevation (in m), 500 nm coarse mode AOD data quality level.  911 

 912 

     site                 long    lat      code   Z(m)  Q-Lev     

  Abu_Al_Bukhoosh        53.146  25.495    AAB     24    1.5     

  Dhabi                  54.383  24.481    DHB     15    2.0     

  Dhadnah                56.325  25.513    DHA     81    2.0     

  Kuwait_University      47.971  29.325    KuU     42    2.0     

  Mezaira                53.779  23.145    MEZ    204    2.0     

  Mussafa                54.467  24.372    MUS     10    2.0     

  Solar_Village          46.397  24.700    SVA    764    2.0     

  Hada_el-Sham           39.729  21.802    HAD    254    1.5     

  KAUST_Campus           39.102  22.304    KAU     11    2.0     

  Agoufou                -1.479  15.345    AGO    305    1.5     

  Banizoumbou             2.665  13.541    BAN    250    1.5     

  Dakar                 -16.959  14.394    DAK      0    2.0     

  DMN_Maine_Soroa        12.023  13.217    MaS    350    1.5     

  Tamanrasset_INM         5.530  22.790    TAM   1377    2.0     

  Zinder_Airport          8.990  13.777    ZiA    456    1.5     

  Zouerate-Fennec       -12.483  22.750    ZoF    343    1.5     

  Ilorin                  4.340   8.320    ILO    350    2.0     

  CRPSM_Malindi          40.194  -2.996    MAL     12    1.5     

  Calhau                -24.867  16.864    CAL     40    1.5     

  Camaguey              -77.850  21.422    CAM    122    2.0     

  Capo_Verde            -22.935  16.733    CVE     60    2.0     

  Santa_Cruz_Tenerife   -16.247  28.473    TES     52    2.0     

  Izana                 -16.499  28.309    TEI   2391    2.0     

  La_Laguna             -16.321  28.482    TEL    568    2.0     

  La_Parguera           -67.045  17.970    LPA     12    2.0     

  Ragged_Point          -59.432  13.165    BAR     40    2.0     

  Karachi                67.030  24.870    KAR     49    2.0     

  MCO-Hanimaadhoo        73.183   6.776    MCO      0    2.0     

  Pune                   73.805  18.537    PUN    559    1.5     

  Jaipur                 75.806  26.906    JAI    450    2.0     

  Gual_Pahari            77.150  28.426    GUA    384    2.0     

  Kanpur                 80.232  26.513    KAN    123    2.0     

  Dhaka_University       90.398  23.728    DHU     34    1.5     

  GOT_Seaprism          101.412   9.286    GOT     10    1.5     

  Qiandaohu             119.053  29.556    QIA    133    1.5     

  EPA-NCU               121.185  24.968    NCU    144    2.0     

  Ningbo                121.547  29.860    NIN    121    1.5     

  Lucinda               146.386 -18.520    LUC      8    1.5   

 913 

 914 

 915 

 916 

 917 

 918 

 919 
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Table 2. Correlation between IASI AOD and 500 nm coarse mode AERONET AOD (column 5), 920 

and amplitude (normalized standard deviation of IASI) (last column), over oceanic regions. Each 921 

site is identified by its name (1
st
 column), its 3-digit code (2

nd
 column), and identification number 922 

(3
rd

 column). The 4
th

 column gives the number of items in the statistics. The last line gives the 923 

overall statistics (all sites merged). An asterisk in the first column indicates that the AERONET 924 

coarse mode AOD data at this site are “Level 1.5” instead of “Level 2.0” (see text). Bold names 925 

correspond to stations with weak mean IASI AOD (all period average less than 0.08). 926 

 927 

 928 

         site         code  n° nb it  correl  amplit 

   Abu_Al_Bukhoosh*   AAB    1   12    0.67    0.82  

             Dhabi    DHB    2    7    0.87    0.68  

           Dhadnah    DHA    3   23    0.70    0.67  

 Kuwait_University    KuU    4   23    0.74    0.83  

           Mussafa    MUS    5   15    0.62    0.74  

     Solar_Village    SVA    6   52    0.83    0.89  

      KAUST_Campus    KAU    7   10    0.78    1.77  

     CRPSM_Malindi*   MAL    8   42    0.51    1.44  

            Calhau*   CAL    9   14    0.75    0.77  

          Camaguey    CAM   10   31    0.91    1.05  

        Capo_Verde    CVE   11   65    0.85    0.86  

             Dakar    DAK   12   35    0.73    0.65  

Santa_Cruz_Tenerif    TES   13   51    0.82    1.04  

             Izana    TEI   14   55    0.85    0.93  

         La_Laguna    TEL   15   39    0.89    1.05  

       La_Parguera    LPA   16   43    0.86    0.93  

      Ragged_Point    BAR   17   59    0.71    0.99  

           Karachi    KAR   18   59    0.91    0.99  

   MCO-Hanimaadhoo    MCO   19   34    0.60    0.90  

              Pune*   PUN   20   50    0.81    1.03  

  Dhaka_University*   DHU   21   10    0.85    0.96  

      GOT_Seaprism*   GOT   22    9    0.54    1.08  

           EPA-NCU    NCU   23   36    0.62    0.72  

            Ningbo*   NIN   24    5    0.85    0.85  

           Lucinda*   LUC   25    8    0.67    1.11  

   All sites merged    av       786    0.86    0.93 

 

 929 
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 942 
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 943 
Table 3. Same as for Table 2 except over land. 944 

 945 

       site        code   n°   nb it  correl  amplit  

         Mezaira    MEZ    1     39    0.55    0.57    

   Solar_Village    SVA    2     55    0.47    0.84    

    Hada_el-Sham*   HAD    3      8    0.50    0.35    

         Agoufou*   AGO    4     39    0.64    0.65    

     Banizoumbou*   BAN    5     65    0.60    0.81    

           Dakar    DAK    6     35    0.74    0.77    

 DMN_Maine_Soroa*   MaS    7     28    0.55    0.59    

 Tamanrasset_INM    TAM    8     14    0.87    0.71    

  Zinder_Airport*   ZIN    9     47    0.53    0.52    

 Zouerate-Fennec*   ZoF   10     15    0.76    0.41    

          Ilorin    ILO   11     47    0.53    0.82    

         Karachi    KAR   12     62    0.78    0.62    

            Pune*   PUN   13     49    0.77    0.89    

          Jaipur    JAI   14     32    0.88    0.56    

     Gual_Pahari    GUA   15     12    0.82    0.89    

          Kanpur    KAN   16     56    0.61    0.85    

       Qiandaohu*   QIA   17     12    0.51    1.32    

 All sites merged    av         619    0.74    0.85    

    

 946 
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Table 4. Correlation between IASI and CALIOP altitude (column 5), and amplitude (last column), 974 

over oceanic regions. Each site is identified by its name (1
st
 column), its 3-digit code (2

nd
 column), 975 

and identification number (3rd column). The 4th column gives the number of items in the 976 

statistics. The two last lines give the overall statistics: 1
st
 line: all sites merged; 2

nd
 line: without 3 977 

sites (Malindi, Ningbo, Lucinda), see text.  978 

 979 

         site        code   n°    nb it  correl  amplit 

   Abu_Al_Bukhoosh    AAB    1     40     0.62    1.28 

             Dhabi    DHB    2     40     0.62    1.28 

           Dhadnah    DHA    3     45     0.75    1.18 

 Kuwait_University    KuU    4     44     0.65    1.07 

           Mussafa    MUS    5     43     0.76    1.23 

     Solar_Village    SVA    6     43     0.79    1.11 

      KAUST_Campus    KAU    7     45     0.80    0.86 

     CRPSM_Malindi    MAL    8     42     0.23    0.18 

            Calhau    CAL    9     47     0.78    1.09 

          Camaguey    CAM   10     22     0.10    1.05 

        Capo_Verde    CVE   11     47     0.78    1.09 

             Dakar    DAK   12     47     0.83    1.59 

Santa_Cruz_Tenerif    TES   13     42     0.63    0.58 

             Izana    TEI   14     42     0.63    0.58 

         La_Laguna    TEL   15     42     0.63    0.58 

       La_Parguera    LPA   16     24     0.61    1.29 

      Ragged_Point    BAR   17     27     0.64    1.14 

           Karachi    KAR   18     47     0.65    0.51 

   MCO-Hanimaadhoo    MCO   19     43     0.82    0.88 

              Pune    PUN   20     45     0.78    0.74 

  Dhaka_University    DHU   21     38     0.57    0.39 

      GOT_Seaprism    GOT   22     27     0.24    1.61 

           EPA-NCU    NCU   23     30     0.52    0.25 

            Ningbo    NIN   24     14     0.03    0.48 

           Lucinda    LUC   25     14    -0.52    0.23 

  All sites merged     av         929     0.65    0.91 

All sites (filtered)   av         853     0.70    0.92     
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Fig. 1. Location of the 38 AERONET sites selected for this study. Top: whole tropical belt; 1024 

bottom: zoom on the Arabian Peninsula. See Table 1 for the meaning of the 3-letter codes. 1025 
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 1045 
 1046 
Fig. 2. Taylor diagram (normalized) for IASI and AERONET 500 nm coarse mode AOD over 1047 

oceanic regions. Sites are identified by their number in Table 2. Grey numbers are for “quality 1048 

level 1.5” sites. The overall statistics appear in blue (“av” for average). Correlation shown on the 1049 

external circle; amplitude: radial distance. 1050 

 1051 

 1052 

 1053 

 1054 

 1055 
 1056 

Fig. 3. Box-and-Whiskers plot (ends of the whiskers exclude the outliers) for the difference 1057 

between IASI and AERONET 500 nm coarse mode AOD (scaled by the site-ratio as explained in 1058 

Section 3) over oceanic regions. Sites are identified by their number and code in Table 2, followed 1059 

by the number of items. Last box marked “Tot”: overall result.    1060 

 1061 
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 1063 

 1064 
 1065 
Fig. 4. Same as for Fig. 2 except over land. Sites are identified by their number in Table 3.     1066 

 1067 

 1068 

 1069 

 1070 

 1071 
 1072 

 1073 
Fig. 5. Box-and-Whiskers plot (ends of the whiskers exclude the outliers) for the difference 1074 

between IASI and AERONET 500 nm coarse mode AOD (scaled by the site-ratio as explained in 1075 

Section 3) over land. Sites are identified by their number and code in Table 3, followed by the 1076 

number of items. Last box marked “Tot”: overall result.   1077 

 1078 

 1079 

 1080 



 

 

 34 

 1081 

 1082 

 1083 
 1084 
Fig. 6. Taylor diagram (normalized) for IASI and CALIOP altitude over oceanic regions. Sites are 1085 

identified by their number in Table 4. The overall statistics appear in blue (“av” for average).    1086 

 1087 

 1088 

 1089 

 1090 

 1091 

 1092 
 1093 

Fig. 7. Box-and-Whiskers plot (ends of the whiskers exclude the outliers) for the difference 1094 

between IASI and CALIOP altitude over oceanic regions. Y-axis in km. Sites are identified by 1095 

their number, code and number in Table 4, followed by the number of items. Last box: overall 1096 

result. N.B. :  a systematic bias of -0.4 km (IASI-CALIOP) has been removed from the mean (all 1097 

sites and total). 1098 
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Fig. 8. Differences, site by site and total (“Tot”), found between the MITR and “Revisited” 1123 

evaluations (see Section 4.3) for the AOD (IASI versus AERONET) and for the sites over land 1124 

(see Table 3). Differences in correlation are shown in red; differences in amplitude (normalized 1125 

standard deviation) are shown in blue. Positive (resp. negative) values mean better correlation, and 1126 

amplitude closer to 1, for MITR (resp. “Revisited”).   1127 
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 1154 

Appendix A 1155 

Impact of dust aerosol microphysical properties on the IR/VIS AOD coarse-mode ratio and 1156 

on IASI brightness temperatures 1157 

 1158 

The parameters describing aerosol optical properties are the extinction coefficient, directly linked 1159 

to the AOD, the single scattering albedo, and the asymmetry parameter. These parameters enter 1160 

the radiative transfer equation for computing radiances or, equivalently, brightness temperatures 1161 

(BT), a quantity commonly used in the infrared. These optical properties may be obtained from 1162 

the a priori knowledge of the aerosol microphysical properties (size distribution and effective 1163 

radius, refractive indices) using a Lorenz-Mie algorithm (e.g. Mishchenko et al., 2002). With the 1164 

purpose of comparing infrared (10 µm) AOD to visible (500 nm) coarse mode AOD, the size 1165 

distribution can be modelled by a monomodal lognormal distribution (see, for example, Zender et 1166 

al., 2002, Dubovik et al., 2002) that is described by the effective radius (reff) and the standard 1167 

deviation of the distribution σg. In the following, σg stands for ln(σg). This approximation is 1168 

justified by the fact that, if we only consider the dust coarse-mode, the contribution of the fine 1169 

mode in the longwave domain is less than 10% (Pierangelo et al., 2013, chap 9).   1170 

In this appendix, we investigate the variability of dust aerosol micro-physical properties and their 1171 

impact on the IR/VIS AOD coarse-mode ratio and on the IASI brightness temperatures. 1172 

  1173 

A.1 Range of variation of the dust aerosol micro-physical properties  1174 

A.1.1 Size distribution parameters (from AERONET) 1175 

For each of the 38 sites analysed in this study, Figure A1 shows the mean, ± one standard 1176 

deviation, of reff (top) and of σg (bottom) as provided by the AERONET archive for the coarse 1177 

mode. The standard deviation at each site corresponds to the variability of the parameter 1178 

considered over the whole time period July 2007-June 2013. From this figure, the ranges of 1179 

variation of reff and σg are, respectively, 1.5-2.5 µm and 0.5-0.8 (a few sites, with too few items, 1180 

have not been taken into account). This figure also shows the relative low variability of the site-1181 

by-site mean value of reff and, to a lesser extent, of σg. 1182 

 1183 

A.1.2 Refractive index 1184 

Contrary to the size distribution parameters, the infrared part of the refractive index is not 1185 

available from the AERONET archive. However the aerosol composition is variable and may 1186 

change during transport (see for example Highwood et al.2003), inducing a change in the 1187 

refractive index from one place to the other. The impact of the refractive index on the IR/VIS 1188 
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AOD coarse-mode ratio and on IASI brightness temperatures has been investigated for four 1189 

models:  MITR (see section 2.1); “Revisited”, proposed by Balkanski et al. (2007), in an effort to 1190 

re-evaluate mineral aerosol radiative forcings; “dust-like”, from the measurements by Volz (1972, 1191 

1973), more representative of non-desert mineral aerosols generated from soil; and “Fouquart”, 1192 

from Saharan dust measurements above Niger (from Volz, cited by Fouquart et al., 1987), 1193 

representative of dust above sources. Figure A2 displays the real and imaginary parts of the 1194 

refractive index for these four models. On this figure, black vertical bars indicate the location of 1195 

the IASI channels used in the aerosol retrieval. 1196 

 1197 

A.2 Sensitivity of the IR/VIS AOD coarse-mode ratio to microphysical parameters 1198 

Figure A3, left, displays the values taken by the theoretical IR /Vis AOD coarse-mode ratio for 1199 

typical values of σg (0.5-0.8) and reff (1.5-2.5 µm), found in the AERONET database, for the 38 1200 

sites selected, and for the MITR refractive index. It is seen that the IR/Vis AOD coarse-mode ratio 1201 

can vary within quite a large range: 0.6-1.3. Figure A3, right, displays the values taken by this 1202 

ratio for the four refractive index models of Fig. A2 and typical values of   reff (here, σg=0.6). Two 1203 

couples of models behave similarly: MITR and “Revisited”, more representatives of aerosols far 1204 

from sources, on the one hand, “dust-like” and “Fouquart”, more representatives of aerosols closer 1205 

to sources, on the other. The range of variation is, again, quite large: 0.4-1.15. Moreover, once σg 1206 

and reff are given, the impact of the refractive index on the ratio can reach 40% if the ratio is 1207 

estimated with a refractive index more typical of aerosols close or far from dust sources. For 1208 

example, with reff=1.8 µm and σg=0.65, the ratio may go from ~0.55 to ~0.90 (Fig. A3B).  1209 

For this evaluation of IASI-derived aerosol characteristics around AERONET sites, for which are 1210 

provided the standard deviation of the size distribution and the effective radius, this analysis 1211 

demonstrates that the crucial parameter, governing the conversion of the AOD from the visible 1212 

domain to the infrared domain, is the refractive index, substantially varying with the type of 1213 

aerosol considered. Unfortunately, an obvious lack of measurements of dust refractive index in the 1214 

infrared precludes determining an accurate theoretical IR/Vis AOD coarse-mode site ratio.   1215 

 1216 

A.3 Sensitivity of the infrared brightness temperature (BT) to microphysical parameters 1217 

In order to quantify the impact of microphysical parameters on infrared brightness temperatures, 1218 

difference in BT with a reference case is computed for a relatively high AOD of 0.4 at 10 µm and 1219 

for an aerosol layer at a mean altitude of 2700m. The reference configuration corresponds to the 1220 

averaged values seen in the AERONET database: σg=0.65, reff=2 µm, refractive index of MITR 1221 

(from Volz et al., 1973, slightly modified by Carlson and Benjamin, 1980).  Figure A4 shows the 1222 

sensitivity of the IASI brightness temperature to a variation of ±25% of the effective radius reff 1223 
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(top-left), a variation of ±25% of the standard deviation σg (top-right), a change of the refractive 1224 

index (bottom-left), and a variation of the AOD (bottom-right).  1225 

Concerning the variation of reff (Fig. 4A), maximum differences are smaller than 0.2 K for an 1226 

AOD of 0.4 at 10 µm. Note that the impact is proportional to the AOD: at 10 µm, because the 1227 

AOD is generally not larger than 0.6, the maximum impact is less than 0.5 K for the channel the 1228 

most sensitive to the size (at 9.3 µm). Indeed, for the channels used in the retrieval, impact is less 1229 

than 0.3K for an AOD of 0.6. We conclude that, in the infrared domain, the effect of the effective 1230 

radius is small, particularly on the channels selected. This agrees with Sokolik et al. (1998). 1231 

Concerning σg, over the entire infrared spectrum, the impact is less than 0.1 K, quite negligible 1232 

compared to the impact of a variation in AOD (see also e.g. Pierangelo et al 2013, chap 9.4). 1233 

Similar results are obtained for a reference (extreme) 10 µm AOD of 0.6 (impact of 0.2 K instead 1234 

of 0.1). Finally, the impact of the refractive index is, by far, the most important. For an AOD of 1235 

0.4, the difference in BT can reach 0.8K for two of the channels used in the retrieval (around 12 1236 

µm – 830 cm
-1

). To summarize, for the “reference case” used in this appendix (σg=0.65, reff=2 1237 

µm), using OPAC instead of “Fouquart” can lead to an error of 0.1 for an AOD of 0.4, i.e 25% 1238 

error. At the same time, the variation of the theoretical IR/Vis ratio will reach 40%. This large 1239 

signal means that, despite its limited accuracy, the “empirical” IR/Vis ratio, directly determined 1240 

by the ratio of the IASI-retrieved 10µm AOD and the AERONET 500nm coarse-mode AOD, can 1241 

be interpreted as a marker of the aerosol situation observed. Actually, as shown in section 4.1.1, 1242 

the mean empirical ratio comes to 0.79±0.25 for the sites over oceanic regions, far from sources, 1243 

for which MITR is best adapted, and to 0.55±0.15 for the sites over land, closer to sources, for 1244 

which the “Fouquart” model is best adapted, following Highwood et al., 2003. This result gives 1245 

some confidence in the value of this empirical ratio.  1246 

 1247 

 1248 

 1249 

 1250 
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 1252 
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 1253 

Figure A1 : Mean values (± one standard deviation) of reff  and σg for the 38 AERONET sites 1254 

analyzed in this study (see Table 1). The standard deviation associated at each site corresponds to 1255 

the variability of the parameter considered over the whole time period analysed (July 2007 – June 1256 

2013). 1257 

 1258 

 1259 

 1260 

 1261 

Figure A2 : Real (top) and imaginary (bottom) refractive index for the MITR model (Hess et al., 1262 

1998; Volz, 1973) in red, the “Revisited” (Balkanski et al., 2007) model (0.9% hematite) in green, 1263 

the “dust-like” model from Volz (1972, 1973) in blue, and “Fouquart” et al. (1987), in pink. Black 1264 

vertical bars indicate the location of the IASI channels used in the aerosol retrieval. 1265 
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 1270 

Figure A3 : Theoretical IR /Vis AOD coarse-mode ratio in function of the effective radius A) for 1271 

the MITR model and the standard deviation of the width of the size distribution σ, B) for σ=0.6 1272 

and several refractive indices. 1273 
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 1275 

Figure A4 : Sensitivity of IASI brightness temperature to : A) a variation of  ±25% of the effective 1276 

radius reff (here, re); B) a variation of  ±25% of the standard deviation σg; C) a change in  the 1277 

refractive index (i.e. composition); D) an AOD variation of +0.1 (~25%) and -0.15 (~-37%). 1278 

Reference conditions: AOD at 10 µm=0.4, mean aerosol layer altitude=2700 m, reff=2µm, σg=0.65 1279 

and refractive index is MITR. 1280 

 1281 

 1282 


