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Abstract

The aim of thiswork isto obtain the effective radius as a function of other agrosol retrievals
from the Moderate-Resolution Imaging Spectroradiometer (MODIS) (Angstrom parameter,
aerosol optical depth, backscattering ratio,...) which can be obtained by other remote sensors
like Advanced Very High Resolution Radiometer (AVHRR) with avery long time series. In
order to reduce the number of MODIS useful variables a Factorid Analysis by Principa
Component has been applied. With this technique we have obtained three factors, which reduce
the aerosol parameters from 28 to 9. Using these 9 parameters it has been applied Linedl
Multivariate Analysis techniques to find a combination of independent variables that better
evaluate the aerosol effective radius. The regresson model obtained explains the 99.6% of the
variation in this parameter. The MODIS/Terra level-2 aerosol products over ocean has been
studied for 2002-2003 in a grid centred in the Canary I1dands (26°N-31°N, 13°W-1°W). It has
been found that these correlations are independent of the aerosol |oad for any Situation.

1. Introduction

To fully understand the influence of atmospheric aerosols on the radiative budget and therefore
on climatic models, the aerosol characteristics (compostion, size distribution and total content)
have to be determined on a globa scale. Among other species, the mineral dust is a significant
component of tropospheric aerosols (Prospero, 1996) and it is an important radiative budget
modifier, especially in those regions close to arid regions (Diaz et al., 2000).

Satelite techniques provide a very vauable information both over land and ocean to determine
these aerosols characteristics. In this sense, nowadays one of the most useful tools is the
MODIS ingtrument on board Earth Observing System Terra/Aqua spatia platforms, which
provides adaily global coverage. This sensor is designed to perform measurements at 36
channels from visible to thermal infrared spectrum region (0.415 to 14.235mm), with a spatia
resolution of 0.25, 0.50 or 1 km, depending on the band (Salomonson et at., 1989). However
these platforms have been launch recently (years 2000 and 2002) so, in order to get along time
series of the agrosol characteristics, it would be desirable to obtain these parameters as a
function of other aerosol retrievals which could be obtained by other space platforms launched
before.

Canary Idandsregion isan ideal siteto study the physical properties of these atmospheric
congtituent, sSince it is very close to one of the maor source areas for mineral dust: the Sahara
and Sahd regions of North Africa. Thus Diaz et al. (2004) show that the air masses which
transport mineral dust from the African continent to the |zafia GAW station, located in the free
troposphere in the Canary Idands, has an annua frequency of 20%.

2. Effective Radius Distribution

The MODIS retrieval algorithm over ocean has been validated under different conditions. In
non-dust regimes over ocean Remer et al. (2002) has shown that the aerosol effective radiusis



retrieved to within £0.10 mm. Considering this accuracy as bin, we have calculated the
frequency distribution of the effective radius for 2002 and 2003 within our study area.

On the other hand, in dust conditions the retrieved size parameters can systematically
underestimate actual aerosol size. These differences can be explained in part by the assumption
of the dust as spherical particles in the MODIS retrieval algorithm (Levy et d., 2003).

In generd, the effective radiusis mainly presented in the ranges 0.60 — 0.70 and 1.90 — 2.00 nm
bin, representing a bimodal distribution for both years. Also, it appears athird peak for 1.40 —
1.50 mm bin, which can be observed clearest if we consider the frequency distribution for
seasons (Fig. 2). AsLevy et d. (2003) show in hiswork, the effective radius of 1.98 mm is
associated with wet sea-salt aerosol, 2.50 nm with dust-like aerosol and 1.48 nm with both.
Thus we can associate these peaks with the presence of these atmospheric compounds, which
are the main sources of aerosols for coarse mode in our region.

The number of pixels during the cold season (winter-autumn) is higher than in the warm one
(spring-summer) for both years, due to the presence of more cloudy days in these months. For
the cold season the frequency distributions are dightly broader than in the warm one having
median values of effective radius higher. However this difference is within the accuracy
obtained by Remer et a. (2002). Thisis shown in the Table 1, which summarises the Satistics

parameters for the frequency distribution of the effective radius.

Winter Spring
25 T T T T T T T T T 25 T T T T T T

20 — 20 [~ —

T |

10 |- -

15

Frequency (%)
.
= |
Frequency (%)
I

10 § .

0.0 0.5 1.0 15 2.0 2.5 0.0 0.5 1.0 15 2.0 25
Effective Radius (rm) Effective Radius (mm)
Summer Autumn
25 T T T T 1 25 T T T T 1

“’N 15T I ‘.

0 L 0
0.0 05 1.0 15 2.0 25 0.0 05 1.0 15 2.0 25
Effective Radius (mm) Effective Radius (mm)

Fig. 1. Frequency distributions of MODI S effective radius by seasons. The white histogram bars
correspond to 2002 and the grey ones, to 2003.
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Table 1. Measures of central tendency (mean and median), dispersion (standard deviation) and
distribution (skewness) for the frequency distribution of effective radius.

Winter Spring Summer Autumn All

2002 2003 | 2002 2003 | 2002 2003 | 2002 2003 | 2002 2003
Pixels 85603 59525 | 27774 28818 | 37599 41713 | 73123 48674 [224099|178730
Median 08 081|079 073|074 073 |08 088 | 084 | 080
Stnd. Dev. 046 041 | 047 048 | 047 039 | 042 041 | 045 | 042
Mean 103 094 [ 098 091|092 08 | 100 101 | 100 | 093
Skewness 088 128 | 109 124|128 173|105 108 | 102 | 1.28
SkewnessSD | 001 001 | 001 001|001 001 | 001 001 | 000 | 0.01

3. Factorial Analysis

From factorial analysisit has extracted three factors or principa components for both years,
using the Kaiser criterion (i.e. eigenvaues higher than one). The tota explained variance from
the origina data set, which is obtained with these three factors, is about 92% for 2002 and 2003.
Also, the final commundlity is higher than 80% for al MODIS variables, except for the cloud
fraction. In particular, for the effective radius is around 91% for both years.
The association of each MODI S variable with its factor improves if arotation of the principal
components is applied. So, the Table 2 shows the component matrix for a Varimax rotation of
the three factors: al origind MODI S variables and the factors, which are included. Note the
correlation coefficients are higher than 0.80 for all variables and in particular, as the effective
radius is associated with the Angstrom parameter, the backscattering ratio and the asymmetry
factor in the factor 2.

Table 2. Component matrix for two years.

Factor 1 Factor 2

2002 2003 2002 2003
MR3* | 087 084 |[ER2' |-0.94 -0.94
MR4 | 094 092 |AE® | 087 087
TF3® | -083 -0.77 |[BR1"| 098 0.98
TF4 | -087 -083 |BR2 | 098 099
EOD1° 098 0975 |BR3 | 098 098
EOD2| 098 098 |[BR4 | 095 0.95
EOD3| 098 098 |AFl | -096 -0.96
EOD4 | 098 098 |AF2 | -097 -097
OoDL1° 097 096 |AF3 | -097 -097
ODL2| 097 096 |AF4 |-095 -09
ODL3| 097 096
ODL4 | 097 096 Factor 3
ODSI°| 094 092 2002 2003
ODS2| 094 092 |RF3 | 085 0.87
ODS3| 094 092 |RF4 | 082 085
ODH4 | 093 092

a.Mean Reflectance b.Transmitted Flux c.Effective Optical
Depth d.Optical Depth Large e.Optical Depth Small
f.Effective Radius g.Angstrom Exponent h.Backscattering
Ratio i.Asymmetry Factor j.Reflected Flux.
The number isthe MODI S channel.



4. Lineal Multivariate Analysis

With the MODI 'S variables obtained from factorial analysis (Factor 2), alinea multivariate fit
of the effective radius for the two years has been computed (Table 3). For both cases, it hasbeen
obtained a very high determination coefficient, around 0.99. Note the small difference for the fit
coefficients between 2002-2003, especidly for the first four values, which have the highest
weigh in the fit (99%).

Table 3. Fit coefficients and its standard deviation,

which are sorted by itsweight in the fit

2002 2003
Cosfficient + SD | Coefficient + SD
Congtan{ 32.39+ 0.03 31.17 £ 0.03
BR1 -54.79+ 0.13 -53.30+0.14
AF2 -30.76 £ 0.13 -28.02+0.15
AE 0.59 + 0.00 0.58 £ 0.00
BR4 -049+0.11 -204+0.12
AF4 7.18 £ 0.06 853+ 0.07
AF3 -593+0.12 -958 £ 0.13
BR2 -11.36 + 0.16 -11.12+ 0.17
AF1l 464 +0.09 547+ 0.10
BR3 -6.10+ 0.17 -4.76 + 0.18

The backscattering ratio at 0.47 mm and the asymmetry factor at 0.55 mm are the variables that
have more weight in the regression model, explaining the 98% of the variation in the effective
radius. If only these variables are considered in the multivariate analysis, the linear fits are:

ER2=-49.16 BR1 - 17.06 AF2 + 22.39 for 2002
ER2=-48.36 BR1 - 16.61 AF2 + 21.92 for 2003

(1)
@

5. Residual Analysis

In order to estimate the residues from the regression model, we have evaluated the effective
radius for 2003 with the lineal multivariate fit obtained for 2002 (Eqg. (1)), which is shown in the
Figure 2.

Asit is shown in the Figure 3, the main scatter is observed for effective radius higher than 2.00
mm (Range B) and smaller or equal than 0.25 nm (Range A). Nevertheless for 2003 the
percentage of casesfor range 1is0.077% (138 cases), whereas for range 2 is 0.001% (17 cases).
If we considered the two main errors sources in the remote sensing retrieva algorithms, i.e,, the
presence of clouds and aerosols load, it is observed as the residues are independent as much of
the cloud fraction as of the effective optical depth (EODZ2), but not of the BR1 and AF2. In both
cases these errors are associated with small effective radius.
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Figure 2. Experimental versus predicted Figure 3. Estimated residues from the
effective radius. regression mode.
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Figure 4. Estimated residues versus Cloud Fraction, EOD2, BR1 and AF2.



6. Conclusions

The effective radius tries to characterize the agrosol size didtribution with one parameter, giving
an estimation of particle size. In this work an dternative methodology to evauate this aerosol
parameter, when the size distribution is unknown or can not be obtained, has been proposed.
The frequency digtribution of the effective radius over our study region (grid around Canary
Idands) shows a bimoda distribution, however a third peaks only appears for the cold season
(winter-autumn). This peak is associated with the presence of maritime agrosols and minera
dust, since these aerosols are the dominant speciesin our region.

To dl MODIS variables obtained during 2002 and 2003, it has been applied a factorid anaysis,
extracting three factors. These principa components explain around 92% of the variance of the
origina data, being the find commundity as minimum of 80% for dl MODIS agrosol
parameters. With this previous analysis it has been reduced the number of MODIS parameters
to evaluate the effective radius. So, to compute the multivariate fit, only nine variables have
been considered, which explain the 99.6% of the effective radius variation. Also, it has found
that only two variables (backscattering ratio at 0.47 mm and the asymmetry factor at 0.55 nmm)
reproduce this parameter in a 98%.

Finally to validate the obtained multivariate fit with two variables, the residues of the regression
model under avariety of conditions have been studied. It has obtained that this fit is valid under
any cloud fraction and aerosol load, but it is not independent neither the backscattering ratio nor
asymmetry factor. The major errors are associated with the smaller effective radius.
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