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Abstract. The MLB parameterisation (Modified Lambert-Beer, Mueller et al., 2004) describes the change in
SSI with sun zenith angle (SZA) in clear-sky conditions. It applies to the direct and global SSI as well as
their spectral distribution. We assess its performances by comparing its results to the outputs of the radiative
transfer model libRadtran and standard interpolation procedures. The standard two-point fitting MLB function
performs very well at SZA betweert @nd 60 and fairly bad from 60to 89.9. A parameterisation made of

four MLBs for four intervals (0, 60°), (60°, 75°), (75, 85°) and (85, 89.9) is also tested. This piecewise

MLB parameterisation exhibits satisfactory performances at any SZA and outperforms standard linear inter-
polation techniques. 95 % of errors in global SSI are less than T¥\fon each band and less than 5Wm

for total irradiance.

1 Introduction the performances of the MLB have not been fully reported
though a few results are presented in Mueller et al. (2004).

A new direct method, Heliosat-4, is currently developed by The novelty of this article is twofold: firstly to establish

the MINES ParisTech and the German Aerospace Centethe performances of the MLB function by comparing its out-

(DLR), aiming at estimating surface downwelling solar ir- comes to those from libRadtran, and secondly, to propose an

radiance (SSI). The clear-sky module, an important part ofextended-MLB parameterisation to overcome the errors oh-
this method, is based on the radiative transfer model (RTM)served for large SZA. In addition, we have compared thes
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libRadtran (Mayer et al., 2010) and benefits from advancedberformances to standard interpolation procedures in order

products derived from recent Earth Observation missiongo demonstrate the benefit of the MLB. It is assumed that
(Oumbe et al., 2009). However, running a RTM in an op- libRadtran is delivering the actual values that should be re
erational mode is computer resources- and time-consumingeroduced.
Mueller et al. (2004, 2009) suggest the use of parameteri-
sations, among which the Modified Lambert-Beer function . o
(MLB) to reduce the number of runs of RTM for the dif- 2 "€ Modified Lambert-Beer parameterisation
ferent sun zenith angles (SZA). Instead of calculating SSI , , . )
values for each SZA with RTM runs, we use the MLB to in- Let Eroa.(6s) be the irradiance received by a horizontal
terpolate SSI at any SZA by using SSI calculated by RTM atplane at the t_op of atmosphere for the yvavgleng&nd the
only two SZAs. _SZA Os. A_t altitudez,, thg direct spectral |rrqd|an®(zn,93)
Itis crucial that the interpolated SSlis obtained by the MLB ILSa?nfbuenr?ll??ge?;J?\(zti%atl(cfil(l)Seijggé?) and is given by the
are very close to those output from the RTM. The MLB ap- ' '
plies to the direct and global components of SSI as well as —74(z0)
their spectral distribution. The use of the MLB function is Ea(z,6s) = ETOA,A(HS)'GXP(M)
increasing in scientific papers. However, to our knowledge, S

@)

The Modified Lambert-Beer function is based on Eg. (1) by
adding a correction parametef(z,):

Correspondence to: Z. Qu
BY (zhipeng.qu@mines-paristech.fr) EMB (2,,65) = Etoai(6s) - MLB 4(z1,65) 2)
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_T/l(zn) 20— — —
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S c0sPs)*1(®) I RMSE in SSI| Total, Global (0°-89.9°)
i DBiasin 33l Fitting angles: 0°, 60°

—P95in SSI

The two unknown parameters,(z,) andt,(z,), are eval-
uated from two known irradiances,(z,,0;) and E,(z,,62). o
The fitting angle®; andd, are set here to°Gand 60 as in E 5
Mueller et al. (2004). Solving the linear system yields: =

n(ELg5)-n(-in( £ I
In(cog(6>)) - In(cos(61)) 4)

,(z,) =

9 0 10 20 30 40 50 60 7075 80 85 899
E ,0 Solar Zenithal Angle (degree
m(zn)=exp(ln(—ln(M))+a4(zn)-ln(cos(91))) 5) ale dearee

Erona,1(61)
Figure 1. Errors in global total SSI (Q 60°).

The fitting parameters,(z,) and r,(z,) are calculated re-
spectively for direct and global SSI, and for each spectral

band. Then, the @iuse SSI is calculated by subtracting the o_ptical thickness, the normal law for the Angstrom fiee
direct SSI to the global SSI. cient, and the beta law for total column ozone. The param-

eters of the laws have been empirically determined from the
analyses of the observations made in the AERONET network
3 Assessing performances of the MLB for aerosol properties and from ozone products of the spatial
missions OMI, GOME and SCHIAMACHY.
The principle of the assessment is the following. A large The results are illustrated in SSI or in clearness inid&x
set of SSI values is created by runs of the libRadtran: thesevhich is defined as follow:
are the reference SSI. We use the MLB function to compute
the SSI for the same conditions and we compare them to th&T1(2n,05) = E1(20,05)/ Eron.a(6s) (6)
reference. The dierences are synthesized by the means Osting KT is a mean to show how good the method re-

standard quantities, such as the bias, the root mean ,Squ,af)‘?oduces the féect of atmospheric contents on solar down-
error (RMSE) or the percentile P95 of the frequency distri- welling spectral irradiance, since the errors in SSI are ex-

bution. This is done for the direct,flise and global SSIfor ) oqqeq relatively to the irradiance at the top of atmosphere.

eacr of the 32 spectral bands of Kato et al. (1999) and th singKT instead of SSI is more convenient in several cases

total SSI. ) ] ) and both should be used. For example, the magnitude of the
However, it should be noted that when dealing with the gg changes from one Kato band to another and itfficdit

measurements, the deviations between MLB and groundy, compare the deviation in SSI forfiirent Kato bands. On
measurements could be higher than those between MLB ang,« other side. errors iKT are commensurate and one can

libRadtran. analyse and compare the errors for all cases misicently.
We use a Monte-Carlo technique to randomly select 1000
sets within the 8D-space defined by the 8 most influent inputs
to libRadtran: aerosol optical thickness, type, and Angstromi® Results
codficient, total column water, total column ozone, altitude
of the ground, ground albedo and atmospheric profile. Fo
each 8-tuple, libRadtran is run for 5 above surface altitudesFigure 1 displays the errors in SSI. It depicts the error in the
— from 0 to 2km by step 0.5km, — 22 SZAs — from 0 t6 75 total global SSI as a function of the SZA. For each SZA, the
by step 3, from 75 to 87.5 by step 2.5 and 89.9. For bias, RMSE, and P95 are computed using dliedences in
a given 8-tuple and a given above surface altitude, the SSESI in a 2D-space (1000 atmospheric conditions and 5 above
values at the fitting angles are used to compute the fittingsurface altitudes). The errors are small for SZA less than 60
parameters of the MLB. Then, the MLB function is used to in full agreement with Mueller et al. (2004). 95 % of errors
compute the SSI for the other SZAs, and these assessed SIB95) are less than 2 Wthbelow 60, whereas the P95 may
are compared to the reference SSis. reach 20W m? at 85. As for errors in spectral SSI for the
We have weighted the random selection of the 8-tuple paKato bands (not shown), they follow the same trend: for any
rameters by considering the average distribution in opticalband, the P95 is less than 1 W#below 60 and can be
properties of the atmosphere. The probability density func-greater than 3 W nf between 75and 85.
tions for all parameters, except aerosol optical thickness and Figure 2 displays the error in the total direct SSI as a
Angstrom co€icient, and total column ozone, obey the uni- function of the SZA. Globally, the performance of MLB
form law. We have selected the chi-square law for aerosofor the direct SSI largely surpasses that for the global SSI.

r4.1 MLB with fitting angles: 0° and 60°
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Figure 2. Errors in direct total SSI (Q 60°). Figure 3. Errors for global total SSI (piecewise MLB).
, 0.03 003

P95 is less than 1.5 WTAbelow 60, whereas the P95 may __ —RMSE inKT
reach 4 W m? at 82.5. Similar results are attained for spec- & 0.025 —BiasinKT 1 10,025
tral bands (not shown): for any band, the P95 is less than— —PO5inKT
0.1Wnt2 below 60 and attains its maximal value around % ; -
07Wm‘2 between 80and 85. % 0.015! 0.015

According to Figs. 1 and 2, betweeh &nd 60, the MLB P Global, spectral (0°-89. .
performs very well for direct and global SSI, and thus for dif- @ 0.01 Fitting angles: 0.01
fuse SSI. For greater SZAs, the error is much greater, espe § ; 5! a8 8 TR i
cially for global SSI. Accordingly, the error infiluse SSlis  © .
large. The MLB function tends to underestimate thiéudie S
SSI at large SZA, and therefore the global SSI, as demon- 3579 13#1|2a1t; I135;n2c1{ 28252729 31 Total
strated by the negative bias in Fig. 1. Similar conclusions are
reached for each spectral band. Figure 4. Errors forKTglo for Kato bands and total

As discussed later and by Mueller et al. (2004), the usagépiecewise MLB).
of the modified Lambert-Beer function is physically moti-
vated for direct irradiance; unsurprisingly, it does not per-
form very well for the difuse irradiance. In addition, itis a and (5) at 89.9 To ensure convergence, the clearness inde
fitting function and performs well within the range of SZA for the direct SSKTdir is set to x1071° when it is less than
used for fitting and badly outside. Finally, the error iffigse  this threshold.
SSI orKT increases with ground albedo because tlikisé Figure 3 exhibits the error in global total SSI as a function
fraction increases with the ground albedo. As expected, theref the SZA. Global SSI shows greater errors than direct SS
is no influence of the ground albedo on the direct component(not shown). The bias, RMSE, and P95 errors are small. Th
maximum of RMSE, bias and P95 for all SZA is respectively
less than 4 W 2, 4 W nr? and 5 W n12. We obtain most of
the maximal errors in SSI when SZA equals to 87.5
In order to reduce errors for large SZA, we have studied per- Figure 4 displays the error in the clearness index of the
formances of the MLB function with more-spaced fitting an- global SSIKTglo for the interval [0, 89.9] for the Kato
gles, such as (Q 70°), (0°, 75°), or (&, 8C°). In all cases, bands 3 (295nm) to 32 (4298 nm) as well as the total. Error|
the performances were very poor and inacceptable. We havare calculated in each band for all conditions. Errors are a
also tested other couples of fitting angles: °(605°) and most uniformly distributed for most of the Kato bands. The
(75°, 85°). Expectedly, we observed that the errors are al-bias is very low, i.e., very low systematic error. The RMSE

4.2 Piecewise MLB

ways small for SZA comprised between these closely-spacednd P95 errors are small. The maxima of P95 are closej

fitting angles, but increase rapidly outside these intervals. 0.030, reached for bands 8-15 (425-684 nm); they are

We study now the parameterisation made of four MLBs ways less than 4 % of the corresponding mkdiglo. As for
whose parameters are assessed for four interva)s6(®), total, P95 is equal to 0.017, i.e., less than 3 % of the mean ¢
(6C, 75°), (75, 85°), and (858, 89.9). Now, we need 5 KTglo (0.68). Bias in SSl is negligible for each band and to-
values of SSI for any situation. SSI at any SZA located intal, and P95 is less than 1 Wnfor each band and 5 WThA
one of the four intervals is calculated by the MLB for this for total. Errors in direct SSI are less than those for global
interval. Numerical errors may occur when solving Eqgs. (4) SSI both in absolute and relative values.
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60 ranges between°Cand 60. However, errors are large for

Il ¢-Piece MLB SZA greater than 60 The MLB function has a solid physical

A [ElLinear (Cosine kernel) sense for the direct irradiance, and very good performances
[ ILinear interpolation can be achieved. It is less physically sound for thude
B Fourth degree polynomial irradiance and performances are lower for thBudie and

W/m2
S

global irradiances.
After several tests, we have designed and validated a
0 = piecewise MLB parameterisation thafters very good per-
U formances for all wavelengths and all SZAs ranging frdm O
‘ ‘ : to 89.9. Errors for direct SSI are less than those for global
P95 RMSE Bias SSl in absolute and relative values. The bias for global SSI
is less than 0.2 W nt for each band and less than 4 Win
for total irradiance. 95% of errors in global SSI are less than
1 W m2 for each band and less than 5 W4ifor total irradi-
ance. The piecewise MLB parameterisation outperforms cur-

The cleamness index is a convenient way to compare thegnt jinear interpolation, cosine-based techniques and forth
results with diferent scales (largefiiérences in SSI between degree polynomial.

Kato bands, and between Kato bands and total). In low

SZA conditions, errors in SSI are generally small for Piece-Acknowledgements. The research leading to these results has
wise MLB (P95<5W m2) as what we showed in the Fig. 3. received funding from the European Union’s Seventh Framework
However, as SZA increases, the horizontal irradiance at thé>rogramme (FR2007-2013) under Grant Agreement no. 218793
top of atmosphere decreases and a small error in SSI couldMACC project).
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5 Comparisons with other techniques

6 Conclusions

We have found that the MLB parameterisation (Mueller et
al., 2004) is éicient for all wavelengths, provided the SZA
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