N

N

Development of an online radiative module for the
computation of aerosol optical properties in 3-D
atmospheric models: validation during the EUCAARI
campaign
B. Aouizerats, O. Thouron, Pierre Tulet, M. Mallet, L. Gomes, J. S. Henzing

» To cite this version:

B. Aouizerats, O. Thouron, Pierre Tulet, M. Mallet, L. Gomes, et al.. Development of an online
radiative module for the computation of aerosol optical properties in 3-D atmospheric models: vali-
dation during the EUCAARI campaign. Geoscientific Model Development, 2010, 3 (2), pp.553-564.
10.5194/gmdd-3-735-2010 .  hal-00961620

HAL Id: hal-00961620
https://hal.science/hal-00961620
Submitted on 20 Jan 2016

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est

archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution - NonCommercial - NoDerivatives 4.0
International License


https://hal.science/hal-00961620
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://hal.archives-ouvertes.fr

Geosci. Model Dev., 3, 55564, 2010 7N o

www.geosci-model-dev.net/3/553/2010/ GG Geoscientific
doi:10.5194/gmd-3-553-2010 Model Development
© Author(s) 2010. CC Attribution 3.0 License. -

Development of an online radiative module for the computation of
aerosol optical properties in 3-D atmospheric models: validation
during the EUCAARI campaign

B. Aouizerats!, O. Thouron?, P. Tulet!2, M. Mallet3, L. Gomes', and J. S. Henzing

1CNRM/GAME, Meteo-France/CNRS-INSU, URA1357, 42 av G. Coriolis, 31057 Toulouse, France
2 ACy, Universit de La Reunion, 15 av ReémCassin, 97715 Saint-Denis, France

3LA, Université de Toulouse, 14 av Ed Belin, 31400 Toulouse, France

“Netherlands Organisation for Applied Scientific Research, TNO, 80015 Utrecht, The Netherlands

Received: 30 April 2010 — Published in Geosci. Model Dev. Discuss.: 1 June 2010
Revised: 7 October 2010 — Accepted: 8 October 2010 — Published: 25 October 2010

Abstract. Obtaining a good description of aerosol optical (Forster et al.2007). The direct, indirect and semi-direct ef-
properties for a physically and chemically complex evolving fects of aerosols may have opposite impacts on the Earth’s ra-
aerosol is computationally very expensive at present. Theliative budget, as noted in the third and fourth reports by the
goal of this work is to propose a new nhumerical module com-Intergovernmental Panel on Climate ChanteQC, 2007,
puting the optical properties for complex aerosol particles atand there are still large uncertainties of radiative forcing by
low numerical cost so that it can be implemented in atmo-anthropogenic aerosols.
spheric models. This method aims to compute the optical \odelling the aerosol particles’ size distribution, chem-
properties online as a function of a given complex refractivejcg| composition, optical properties, and impacts on radia-
index deduced from the aerosol chemical composition andijve forcing is therefore a major objective in the understand-
the size parameters corresponding to the particles. ing and quantification of the effects of aerosols on the atmo-
The construction of look-up tables from the imaginary and sphere radiative budget. Atmospheric research models such
the real part of the complex refractive index and size paramas meteorological forecasting models and regional-global cli-
eters will also be explained. This approach is validated formate models, genera”y use C|imat0|ogy or parametriza’[ion
observations acquired during the EUCAARI (European in-of the aerosol optical properties in order to quantify their im-
tegrated project on aerosol cloud climate air quality interac-pacts on radiationg<{nne et al, 200§ Solmon et al.2008.
.tions) cam.paign on the Cabayw tower during May 2008 and Studying aerosols with meso- to fine-scale models may
its computing cost is also estimated. imply high variability of the physical and chemical pro-
These comparisons show that the module manages 10 reserties, such as the description of size distributions and
produce the scattering and absorbing behaviour of the aerosehemical compositions of urban polluted aeros@estabile
during most of the fifteen-day period of observation with a g al, 2009 Raut and Chazett®009. In such cases, the
very cheap computationally cost. temporal and spatial variability of aerosol size and chemical
description is so high that online coupling with a radiative
module is the only way to obtain a good quantification of the
aerosol optical properties, radiative direct forcing and feed-
back. The current methods used to quantify the optical pro-
While the greenhouse effect on global warming is quite well PETties are not accurate enough to take the high variability of
understood and leads to a quantification of global temperaaerosol composition and size distribution into account.
ture increases, the effects of aerosol particles on the radia- At those resolutions, it is imperative to consider the age-
tive budget of the atmosphere are still modelled only roughlying of the aerosol and then, the evolution of the size dis-
tribution and the chemical composition of the aerosol par-
ticles. For example, the absorptivity of primary absorbing

Correspondence tdB. Aouizerats carbonaceous particles is due to the coating of carbonaceous
BY (benjamin.aouizerats@cnrm.meteo.fr)  aerosols by secondary hydrophilic particléa¢obsor200Q

1 Introduction
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Mikhailov et al, 2006. In parallel, the increase of the par- computes the extinction, absorption and scattering, efficiency
ticle size also impacts the scattering and absorbing poweof the particle which are note@ex: abssca(r, 1), respectively,

of the aerosol $einfeld and Pandjsl997. In that sense, and the phase functioA(6,r,1). The asymmetry parameter

it is necessary to have a good description of both chemi-g’ can be defined from the phase function as:

cal and physical aspects. Modelling the chemical evolution 17 _

of aerosols and computing the aerosol optical properties ag’(,4) = 5/ P(0,r,2)coq0)sin0)do

prognostic variables is numerically very expensive. Because 0
of this high cost, which results from an iterative computa-

tion of particle optical properties, the computation of aerosol” ™ . N . .
P P brop P optical parameters: the extinction coefficientothe single

optical properties as a function of its size distribution and _ . : T

chemical composition is never performed within meso-scale>Catterng albedo (ratio of scattering to extinction) or .SSA‘

atmospheric models nor within weather models. In severa m.j the asymr/netry parameter for thg agrosol populaglpp,
by integratingg’ over the radius. Considering the aerosol size

models, the impacts of aerosols on radiation is parameted. bt th tical t b ted f
rized either by climatology tables or as a function of the main istributionn (r), the optical parameters can be computed for
a given radiug as:

compounds concentration deduced from the literatinene

Because of the high cost of the explicit fluxes computa-
Ition, the radiative models commonly use the following three

et al, 2006. In Grini et al. (2006, the effect of dust parti- . oo 2

cles on radiation is studied with an evolving aerosol size dis-b()”) A Qex(r. M)mr n(rydr

tributions, but the aerosol is supposed to be only one kind +o00 D7r2n(rd

of chemical composition. We propose a more complex ap-SSa) = 22 Oscdr, )rrn(rydr

proach, with a number of aerosol compounds taken into ac- Jo™%° Qext(r. Mmr2n(r)dr

count higher than in usual methodse6ins et al.2002. o0 2 ,
In this context, the goal of the present work is to set up g () = =2 Jrroz(r)Qsca(r,)»)g (r, Mdr

a computationally cheap module depending on a complex o rn(r)Qscdr, Mdr

physical anc_i chemipal aerosol description to compute the oppne of the first steps to apply the Mie theory to an aerosol

tical properties at six short wavelengths. particle with a complex chemical composition, is to define a
The EUCAARI (European integrated project on aerosol refractive index for the whole aerosol.

cloud climate air quality interactions) field experimekiti(- It is important to consider an evolving refractive index for

mala et al. 2009 which took place during May 2008 near tne aerosol. Indeed, the main objective of this study is to per-
Cabauw (Netherlands) provided us with a complete data seform an online computation of the aerosol optical properties
of aerosol measurements for the validation of the work. Theggnsidering an aerosol evolving through its size distribution
Cabauw tower was fully equipped with a set of instruments s its chemical composition. The purpose of this study is
measuring various aerosol properties. The location of thg, get up a module for a large set of aerosol compositions.
Cabauw site between the North Sea and the industrialized\g giscussed irChylek et al.(2000, the Maxwell-Garnett
area of Rotterdam allowed different aerosol types, from pol-pixing rule suits the best for situations with many insoluble
luted to maritime air masses, to be observed. particles suspended in solution. Yet, the small scale stud-
The first section will describe the bases used to computges about aerosol particles and with a high spatial variability
the aerosol optical properties, and highlight the sensitivity Ofusually take place in urban areas, which precisely show those
those parameters as a function of both physical and chemicglgngitions.
aerosol description. Then the building of look-up tables in |4 order to define a refractive index corresponding to an
order to save time during the computation will be explained, 3erosol particle composed of different chemical components,
and the resulting optical properties will be evaluated in re-ihe Maxwell-Garnett equatiorMaxwell-Garnett 1904 as
gard of Mie computations. Finally, the comparisons betweenyefined inTombette et al(2008 allows us to link the chem-

observations acquired during the EUCAARI campaign at thejca| composition of the aerosol to a refractive index and then
Cabauw tower and computations from the module will beq take the particle size distribution into account.

presented.
2.1 The Maxwell-Garnet equation

2 Computation of optical parameters _ _ _
This approach considers the aerosol as being made up of an

In order to compute the aerosol optical properties, we appliednclusion and an extrusion.
the Mie theory Mie, 1908 assuming that the aerosol was  The inclusion is composed of the primary and solid parts
made up of spherical particles. Relative to other theories thaof the aerosol, whereas the extrusion is composed of the sec-
exist to compute the optical properties of a particle, the Mieondary and liquid parts of the aerosol. Then the effective
theory remains the method that is the most commonly used atefraction index iskae=¢2
present. For a given complex refractive indexk,+i-k; and ) €1+2er+2f(e1—€2)
a given effective radius at a wavelength., the Mie theory ~ Withe=e€2 11 26— fe1—e2)

where
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Table 1. Refractive indices used for the main aerosol species at six wavelength&fekow (1993 and fromTulet et al.(2008 for dust.

Specie/ 217.5nm 345nm 550 nm 925nm 2.285um 3.19um
Wavelength
BC 1.80-0.74 1.80-0.74 1.83-0.74 1.88-0.69i 1.97-0.68 2.10-0.72
OCp 1.45-0.00% 1.45-0.001i 1.45-0.001i 1.46-0.00% 1.49-0.00% 1.42-0.0126
Du 1.448-0.00292 1.448-0.00292i 1.4780.01897 1.4402-0.00116 1.41163-0.00106 1.41163-0.00106
H20 1.36-3.60E-8i 1.34-3.00E-9i 1.33-1.80E-8i 1.33-5.75E-7i 1.31-1.28E-4i 1.42-2.54E-1i
NOZ 153-5.00E-3i 1.53-5.00E-3/ 1.53-6.00E-3i 1.52-1.30E-2i 1.51-1.30E-2i 1.35-1.00E-2i
NH% 1.52-5.00E-4i 1.52-5.00E-4i 1.52-5.00E-4i 1.52-5.00E-4i 1.51-5.00E-4i 1.35-1.40E-2i
Sof( 1.52-5.00E-4i 1.52-5.00E-4i 1.52-5.00E-4i 1.52-5.00E-4i 1.51-5.00E-4i 1.35-1.40E-2i
SOA 1.45-0.00% 1.45-0.00% 1.45-0.00% 1.46-0.00% 1.49-0.00% 1.42-0.0126
— ¢; are the complex effective dielectric (square root of the 5
refractive index) constants in which subscripts 1 and 2 45 oo 155
stand for the inclusion and the extrusion. T4 o178
— f is the volumic fraction of inclusion. 35 — 105

W

In the computation it is assumed that aerosol particles
are only composed of primary Organic Carbon (OCp),
Black Carbon (BC), dust, nitrates (NQ, sulphates (S§7),
ammonium (NI{), water (HO) and Secondary Organic
Aerosols (SOA).

The inclusion or core of the aerosol is then composed of 5
the OCp, the BC and the dust whereas the extrusion or shel ‘ ‘
is Composed of NQ' Solzl_’ NH+’ Hzo and SOA. 10° 1l\%:dian/Effeclive RadiJs??n um 10’

The refractive index for each component considered is as
defined byKrekov (1993 andTulet et al.(2008 and shown
in Table 1.

-
a N

Mass extinction efficiency in mz.g
N
[9;]

Fig. 1. Mass extinction efficiency as a function of the median radius
in solid lines and in function of the effective radius in dashed lines
for three geometric standard deviation at the wavelength of 550 nm

2.2 Sensitivity of optical parameters and a complex refractive index of 1.55-0.1i.

Here, we conducted various sensitivity tests based on varia-
tions of the aerosol size distribution (Sect. 2.3.1) and chemi- Figure 1 shows that for a given refractive index of 1.55—

cal composition (Sect. 2.3.2). Although these results are Welb.li, the increase of the median radius and the geometric

knO\_/vn by the radlat|(_)n co_mmumty, the goal Of_th's SeCt'Or_] 'S standard deviation has a direct impact on the mass extinction
to highlight the non-linearity of the aerosol optical properties giqiency distribution. For the three geometric standard de-
evolution and the necessity of the proposed parametrization;;iisns considered: 1.55, 1.75 and 1.95, the evolution of the
Ir_1 ordgr tp show the |mp0r’Fance of con_s'ldermg a CONsISteNnt, 555 extinction efficiency is non-linear with respect to both
size distribution and chemical composition for the aerosol,the median radius and the effective radius. and can show a
_Mie_ computa;ions were pe_rfo_rme_d with different refractive jigerance of 40%. The maximum value for each geometric
indices and different size distributions. standard deviation considered stands for a different median
radius and can reach 3.6my ! for a geometric standard de-
viation of 1.55 whereas it reaches only 2.5gn? for a geo-

The size distributions were represented by a lognormal funcMetric standard deviation of 1.95.
tion and described by a median radius and a geometric stan- Because aerosol size distributions are usually expressed
dard deviation. The effective radius, representing the preaccording to the median radius and also because the non-
dominant radius with respect to radiation, is expressed agnearity of the parameters stand as a function of both effec-
reﬁ:r\§/r52 with ry, rs standing respectively for the volume tive and median radius, the results will be shown as a function
mean radius and surface mean radius depending on the ge6f the median radius in the rest of the study, for ease of un-
metric standard deviation. derstanding. Figure 2 shows the extinction efficiemZakt,
drawn in black and the three size distributions corresponding

2.2.1 Sensitivity to size distribution

www.geosci-model-dev.net/3/553/2010/ Geosci. Model Dev., 3, 5682010
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0.05f e e —— We calculated the aerosol SSA for different refractive in-
0.045 n(r) with o = 1.55 dices by using the Maxwell-Garnett equation (see Sect. 2.2),
ElZ 04 —nOwitho=175 a4 o considering an aerosol composed of 20 to 80% of core (pri-
%j 0035 —n(r) with 6 = 1.95 g mary aerosol), and 80 to 20% of a shell of secondary species
€ o . g composed with the following mass ratio: 0.75 [$IH1 H,0,
i 0025 % 1.35 SG,0.9NG; and 1 SOA to ensure the electroneutral-
3 ool - ity of the secondary solution.
3 1 The resulting SSA is computed for 3 different core com-
goos - positions depending of the BC/OCp ration, and for a core
2 oot 1 proportion varying from 20 to 80% of the total aerosol mass
0.005 in steps of 5%. For example, an aerosol composed of 20%
e e e o primary species with B€0.25 OCp inside the core, gives
Radius in pum a SSA computed at 550 nm of 0.87 whereas for an aerosol

composed of 80% primary species with the same OCp/BC
Fig. 2. Extinction efficiency as a function or radius overlaid on the ratio, the SSA value at the same wavelength is 0.64.
three size distributions corresponding to the same geometric stan- |1 is noteworthy that, for the same primary mass, the core
dard deviations as in Fig. 1 and the same median radius of 0.045 “rEomposition is also very important for the computation of
and a refractive index of 1.55-0.1 .

the SSA. For a primary mass of 50%, and for as much
BC as OCp, the SSA computed reaches 0.62 whereas, with

oe BG - OCp BC=1/4 OCp the SSA value is 0.77.
0.85 +BC=0Cp2 | This is consistent with our expectations because a low SSA
BC=0Cp | means that the extinction efficiency is mainly caused by ab-

08 sorption, and the SSA has lower values when the black car-

bon concentration, which is a primary and highly absorbing
component, increases.

The same phenomenon is observed at the six wavelengths
considered but is not shown here.

0.75F

SSA
o
~

3 Methodology for the building of the look-up tables

0§ : s \ : \ | An analytical solution was used, employing a look-up table
0 30 40 - 50 60 70 80 . . . .
% of primary aerosol of aerosol optical properties and a mathematical analytical
function approximating the Mie computation.
Fig. 3. Single scattering albedo at the 550 nm wavelength versus |n order to minimize the number of stored terms, the con-

percentage of primary aerosol for 3 different core compositions withgtrction of the look-up tables was adjusted in two different
a median radius of 0.15 um and a geometric standard deviation o\f/vays described thereafter.

1.65.
3.1 Description of the polynomial interpolation method

to the same median radius of 0.045um and the three geo-

metric standard deviation are overlaid in red blue and green?)—he first way ttp mtlrr: |m|z$ thle numbetr of Stfi;ed Ejemz)sl W;i
The mass extinction efficiency results from the integration y approximating the optical parameters with a double

of the extinction efficiency multiplied by the size distribution degree polynomial interpolation according to the median ra-

(and a factor ofr r2). Figure 2 shows that the non-linearity of dius. Considering the median radius as a stored input param-

the extinction efficiency versus the median or effective radiuse'[er would be consistent for no more than a hundred cases as

mainly comes from the high fluctuations of the extinction ef- pointed out byGrini et al.(2009. To ayoid this constraint, :
ficiency up to 2 um. the computation and storage of the fifth degree polynomial

coefficients that best fitted the optical parameters evolving
2.2.2 Sensitivity to chemical composition according to the median radius was taken. In this way, the

input terms of the look-up tables are the complex refractive
The influence of the chemical composition of the aerosol isindex and the geometric standard deviation. However, in sev-
shown in Fig. 3. The aerosol is considered to have a fixed meeral cases as shown in Fig. 4, the shape of the Mie resulting
dian radius of 0.15 um, a fixed geometric standard deviatiorparameter evolution was poorly reproduced by the best fit-
of 1.6, and a fixed total mass concentration of 10 Igm ted mono polynomial interpolation. The mean relative errors

were around 200% and showed a difference of 2gni

Geosci. Model Dev., 3, 55%64, 2010 www.geosci-model-dev.net/3/553/2010/



B. Aouizerats et al.: Fast computation of aerosol optical properties 557

- - —NMie computation
o
o 4 - 1160 N:’ 4 r —Dual interpolation 1160
£ z < —Relative error 2
g 2 3 B
L 4 = c L i =
3 8 —Mie computation 320 f 3 3 3205
® . . 3 & o}
< —Mono interpolation S o 5]
=3 3 5 2 =2
g 2 —Relative error 1480 3 527 1480
= =
[0}
3 &
S 1 1640 g4t 1640
O 2 : 1 ‘ 0 1 G : ‘
107 107 40 10 -2 B ° !
Radius in pm 10 10 Radius in pm1 0 10

Fig. 4. Mass extinction efficiency (left) at 550 nm for given values Fig. 5. Mass extinction efficiency (left) at 550 nm for given values
of o andkr, k; as a function of the radius for the Mie computa- of o andkr, ; as a function of the radius for the Mie computa-
tion versus the mono polynomial interpolation and the relative errortion versus the dual polynomial interpolation and the relative error
(right). (right).

at the maximum of mass extinction efficiency. For this rea_Tqug 2. Input _stored terms into the look-up tables for the polyno-
son the interpolation of the curve was divided into two dif- Mial interpolation.
ferent curves defined by the evolution from the first radius

considered to radius corresponding to the maximum of the ke ki o A
curvereyt, and fromrgyt to the last radius considered. Then 145 —0.001 1.05 217.5nm
as shown on Fig. 5, for each case considered, the two fifth de- 150 —-0.006 1.25 345nm
gree polynomial coefficient and thg,; were stored. The to- 155 -0.008 1.45 550nm
tal number of stored terms was 13, which is around an eighth 160 -0.02 1.65 925nm
of the 100 stored for a discrete radius computation. 165 -01 185 2.285um

To summarize, the polynomial coefficients stored corre- 170 -04 205 3.19um
sponding to the polynomia? (r) follow the equation: i;g i gig z
P(r)=

S if r<reut of terms. This selection method allowed us to interpolate be-

tween the results of each optical property corresponding to
the two stored values. The stored terms of the input parame-

wherercy is defined as the median radius corresponding toters as well as the 6 wavelengths are reproduced in Table 2.

the maximum value of the optical parameter, and the;12 ?s an ixgg] E[)rl]e’ if the valuz_of the georlnet:!c sltandardtldewa-
with i =1,2, j =0 to 5 are stored in the look-up table. The lon 1S 2.0z, the corresponding aerosol optical properties are

coefficientsa; ; were computed by a least square approachthe weighted interpolations between the optical properties
for the fitting E;f the two parts of the curve corresponding to the stored geometric standard deviations of

1.45 and 1.65.
As in most cases, if we position ourselves between two
storedk;, kr ando we compute the eight polynomials corre-

The input terms of the look-up tables are then the imaginarySDO”ding for the eight different combinations and we inter-
and real part of the complex refractive index of the aerosol,Polate with the appropriate weight for obtaining the weighted
and the geometric standard deviation of the size distribu-2Ptical properties. Although the computation is performed at
tion. The second way to minimize the stored terms was by6 wavelengths which may be considered as input parameters,
choosing of input terms in the look-up tables so as to obtainthere is no possible interpolation between the wavelengths as
pseudo linearity between adjacent pairs of resulting opticaPerformed for the other input parameters.
properties.

Tests were performed to select a minimum amount of
stored terms (not shown here), and kixeightk; and eight
o were chosen because of the pseudo linearity between pairs

{ aro+air +aior? +aigrd +ajar* +ars

aso+an1r +avor? 4+ axar® +asart +assr® i r > rew

3.2 Range of parameters chosen

www.geosci-model-dev.net/3/553/2010/ Geosci. Model Dev., 3, 5682010
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3.3 Evaluation of the method in regard of direct Mie

computations

Mass extinction efficiency inm?.g™' 05
In order to evaluate the dual polynomial interpolation ¢
method, a comparison between the resulting and the di- .
rect Mie computed aerosol optical properties was performed. . P
This comparison was done at the 6 previously explicited E N o
for 100 considered values of median radii, and fork20 g12 03 2
20 k; and 180 equally spaced in order not to be located at £ 10 2
the stored values, leading to 4 320 000 comparison points for‘§ 8 b2 3
the 3 optical parameters. Because the computed parametels. 6 e
stands for values df;, k; ando which require an interpola- e
tion by the module (they do not match to the stored values), N 01
this comparison allows to evaluate the module in regard of 2
both polynomial interpolation method and choice of input 6o 2 4 6 8 10 12 124 15 18 °
stored terms. Mie Application

Figure 6 shows the result of the comparison for the three
optical properties between the dual polynomial interpolation
module and the direct Mie application. On the top (respec-
tively middle and bottom) is represented the mass extinc- _ %8
tion efficiency, single scattering albedo and asymmetry pa-§
rameter, computed by the dual polynomial interpolation as § 0.6
a function of the same parameter computed from the directz
Mie application. Due to the very high number of scatter § 04k
plots (4320000 for each optical parameter), the compari-
son is shown as a 2-D density function computed over 100
equally splitted bins. For each bin, the 2-D density function
is computed as a function of the number of sampling included
in the bin. The first coloured contour (dark blue) stands for o2 o0a 0s 08 1
99% of the optical parameters computed by the dual polyno- Mie Application
mial interpolation included within the area. The 1-D density Asymmetry factor
function of the Mie computed optical parameters are repre- ‘ ‘
sented by the continuous red lines and shows to which optical
parameter values do the most cases stand for. The 1-D den_
sity function is computed as a function of the total number of
sampling.

First, Fig. 6 shows that for the three optical parame-
ter computations, the dual polynomial interpolation method
manages to reproduce the values computed by the direct Mie> |
application. Indeed, almost all of the parameters computed™ ozl
by the module follow the linear curve=y represented by
a continuous black line. The correlation coefficients value

Single scattering albedo

-0.04

10.03

uonouny Ausuaqg

+0.02

Polyn

0.2 -10.01

0.8+~ 10.04

o
o

omial interpolatio

o
N
i

uonouny Alsua@g

-10.01

standing for the three optical parameters are respectively 0 T o2 04 06  os  1°
0.9992, 0.9946 and 0.9994. The most large differences stanc. Mie Application

for extreme cases with very low median radius or very high T

geometric standard deviation. As an example, the highest 005 01 o015 02 02 03 03

values of mass extinction efficiencies which can reach more _ _ _ o
than 15 g m2 stand for very unusual combinations of param- Fig- 6. Comparison of the optical properties (mass extinction ef-

eters such as a geometric standard deviation below 1.4, a refifiéncy, single scattering albedo and asymmetry parameter) com-
part of the refractive index of 1.80. These extreme cases alpUted Py the dual interpolation method (y-axis) and the direct Mie

. . application (x-axis) represented by the 2-D density function in
OhCC“T OT the fIrSt. Wavlebleggthh V\ée ﬁan ZI.SO not'lce thatdfcf)rcolor. Overlaid is the 1-D density function (right scale, continu-
the single scattering a 'e 0, the hig e§t !SpgrS|on .stan Qus red line) of the Mie computed parameters, and the continuous
very low values, meaning that the extinction is mainly ab- ¢k jine represents x=y regression.
sorbing. Moreover, the most computed cases, represented by

the continuous red line, occur where the density function is

Geosci. Model Dev., 3, 55364, 2010 www.geosci-model-dev.net/3/553/2010/
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the highest, and at this points there is a good linearity be- was measured by the MAAP at 670 nm and deduced at
tween the two methods. 550 nm by using the absorption Angatn coefficient
measured with an aethalometer. All these measure-
o ) ) ments were also made in dry conditions.
4 Validation during the EUCAARI campaign
A summary of the instruments and the associated aerosol

For the validation of the module, a full set of measured dat})roperties is presented in Table 3.

for the inputs and of the outputs was required. Concernin
inputs, a description of the aerosol size distribution giving .
the median radius and the geometric standard deviation fo?"l'2 Methodology and assumptions

each mode, associated with the aerosol chemistry giving th?—igure 7 shows as a diagram the methodology used for

aerosol composition was needed. Concerning outputs, thﬁ1 o S .
X . e validation of the radiative module. Some assumptions
measurements of the aerosol optical properties was also nec-

were made from the observations. The choice was to split
essary. i . the POM between primary organic carbon and secondary
During the EUCAARI field experiment, a complete set of

. . rganic carbon with a 60-40% distribution according
instruments were available at the Cabauw tower. Between 1 .
. o Dentener et al.(2006§. A second assumption was to
and 29 May 2008, all the selected instruments requested tQ_.
. : Split the aerosol compounds equally between modes.
test this module were operational.

The SMPS+APS observations are fitted to describe the

4.1 Description of observations aerosol mass size distribution along three lognormal modes:
M;,o;,r; with i for the mode index. This fit is performed
4.1.1 Period and instruments according to two assumptions allowing to compute the mass

concentration from the observed number concentration:
The data were processed to give one average value ovehe aerosol is supposed to be spherical and has a constant
30 min for each parameter during the 15 days. density p. From this fit is also deduced the total aerosol
) o mass concentratioM;;, and the aerosol mass concentration
- The aerc_>so| size distribution was deduced after merg‘mtegrated from 0.01 to 0.5umMus00). The particle
ing the size spectral observations from a SMPS (model, 4 anic matter, ammonium, nitrate, sulfate, and black carbon
TSI 3034) and an APS (model TSI 3321): the SMPS 555 concentration are deduced from the AMS+MAAP
measures the aerosol size distribution between 10 a”‘abservations (respectivelWpon, Mnn,, Msa, Mnos,
500nm, and the APS between 500nm and 20um.,.. y |t was noticed that the AMS had a cut-off diameter of
All the measurements were made in dry conditionsgognm. The total aerosol mass concentration for aerosols
(RH<50%). i with a diameter inferior to 500 nm and as observed by the
T_her_n, a_lognormal fit that best approached the 0b5€rV€9&|\/|5+MAAP is also computedMl.; s00). Then, for each of
distribution was found. At each time step, a leasthe three considered mode, the mass concentration of each
square approach gave the median radius, the geomeleq50| compounds is computed and weighted by the total
ric standard deviation and the mass concentration formass concentration observed by the SMPS+ARSd,,

gach aerosol mode obser\{ed by both instruments. Tq\/[NH“, Mso,.i, Mnos.i» Mec.i). The inputs for the radiative
link the number of aerosol directly measured to the mass,oqyle are then for each modéZpopi, M, ; Msq,.;
L1y 4,0 R

of ae_rosol, the asssumption of spherical particles with aMNO&h Msc., i, oi. The outputs are then for each of
density of 2.5g cm® was done. the i-th mode: the extinction coefficieritey;;, the single

— The chemical composition of the aerosol was deducedCattering albedo SSAand the asymmetry parameigr.
from the observations of an aerosol mass spectrome]-he aerosol optical properties are then computed for the total
ter (AMS, cTOF type) and a multi angle absorption aerosol p(_)pulatlon: th_e mass extinction efficiency Mi&E
photometer (MAAP model 5012). The AMS gave us and the single scattermg albedo S{aﬁ. These parameter_
the mass concentration of particulate organic matter2re evaluated regarding the observations. The absorption
(POM), NG NHT 5031_ at each time step and the coefficient is measured by the MAAP at the wavelength of

black carbon (BC) concentration was deduced form the® 70 NM babsobse70)- The value of the absorption coefficient

MAAP measurements. The water concentration was de8t the wavelength of 550 nb4psonssso) is deduced from

duced from the thermodynamical equilibrium EQSAM the multiplication by the absorption Angsétn coefficient
(Metzger et al.2002 on dry conditions. (AAEohg measured by an aethalometer. Finally, the scat-

tering coefficient is measured by the nephelometer at the
— The scattering coefficient at 550 nm was measured bywavelength of 550 nmbgcaopsss0). The mass extinction
a nephelometer (model TSI 3563). A truncation cor- efficiency and the single scattering albedo are then computed
rection is performed on the nephelometer data accord{MEEyps, SSAwps) and compared to the module’s outputs.
ing to Mallet et al.(2009. The absorption coefficient
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Fig. 7. Diagram representation of the methodology used for the validgtigsmthe density considered for the aerosol particle.the index

of the aerosol lognormal mode; is the aerosol mass concentration value foritlie mode obtained from the lognormal fit adjusted on

the SMPS+APS size distribution observations,; is the total mass concentration deduced from the fit of the SMPS+APS size distribution
observations.M,, 500 iS the mass concentration calculated from the fit of the SMPS+APS size distribution observations integrated up to
500 nm. Mpom, MNH,, Mso,, MNO;, IS the particle organic matter, ammonium, sulfate, nitrate mass concentration respectively measured
by the AMS. Mpc is the black carbon mass concentration deduced from the MAAR.500 is the mass concentration deduced from the
AMS+MAAP observations up to 500 nnkapsohs 670 IS the absorption coefficient measured by the MAAP at the wavelength of 670 nm.
AAE gps0bsis the absorption Angsim coefficient measured by the aethalometer. MEE is th Mass extinction efficiency.

Table 3. Summary of aerosol measurements on Cabauw tower during the EUCAARI campaign.

Size distribution chemistry optical properties
SMPS Dl', g; Mi X X
APS D;, o; M; X X
AMS X Mpoms MNO:,:’ MSOLZF' MNHI’ X
MAAP X Mpgc babs
Aethalolometer X X AAE
Nephelometer X X bscat

4.1.3 First results from instruments the result of the fit applied to the SMRAPS data and used
as inputs in the module.
The 15-day period of the study showed different aerosol con- The Fig. 9 shows the evolution of all the size distribution
centration level due to different regimes. As presented inparameters versus time. The maximum of mass also evolves
Fig. 8, the aerosol composition gives us several items of inconsequently as already shown in Fig. 8. Finally, the combi-
formation: from 15 to 17 May, the aerosol shows a continen-nation of data measuring size description and chemical com-
tal composition; from 17 to 21 May, the low level of aerosols position gives a good representation of the period.
is characteristic of a scavenging period with a clean air mass It is also noticeable that the absorption Angstrexpo-
and fresh aerosols; from 21 to 29 May, the aerosol comesients observed by the aethalometer show values between
again from a continental air flux and the secondary fraction1.21 and 1.27 with a mean of 1.24. These values show a
of the aerosol, in particular the inorganic species, also growselatively limited dispersion, and according to bibliography
in proportion. The total measured mass concentration is als§Russel et a).2010 are in the same range than continental
represented in Fig. 8 as a black line. Also one can note thaand urban aerosols.
the ratio of primary aerosol to secondary aerosol remains
quite stable during the fourteen days of measurements.

Figure 9 shows the evolution of the aerosol size distribu-
tion during the fourteen days of measurement. This figure is
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Fig. 8. Evolution of aerosol chemical composition from
AMS+MAAP and mass integrated from the SMPS and APS in
[Vls] 3 during the fourteen days of measurement.

Fig. 9. Evolution of aerosol size distribution fits obtained from
SMPS+APS during the fourteen days of measurement.

4.2 Comparison of computed optical properties and
observations 09

Figure 10 shows the single scattering albedo at 550 nm as cal g
culated form the nephelometer and the MAAP measurementsz *°
(continuous red line) and computed by the module (dashed-§
blue line).
Figure 11 shows the mass extinction efficiency at 550 nm g
as calculated from observations (continuous red line) andwol6
computed by the module (dashed blue line). There were no

0.7

le Scatt

—Nephelometer+MAAP observations

instruments able to measure the asymmetry parameter during - - -Radiative module computation
the EUCAARI campaign. Therefore, there is no comparison [ i
possible with the computed values. 16 18 ‘ ‘ ‘ 2 2

0 22 24
First, the main trend shows that both mass extinction effi- ey of May 2008

ciency and single scattering albedo are correctly reproducegig_ 10. Evolution of the dry single scattering albedo at 550 nm

by the module during the 15 days. The correlation coefficientyeasured at Cabauw during EUCAARI by the nephelometer and
for the 15-day period and for the mass extinction efficiencythe MAAP, and computed by the module.

is 0.94, and 0.89 for the single scattering albedo and the as-
sociated biases are 0.32 and 0.0025, respectively.

Concerning the single scattering albedo, the module Concerning the mass extinction efficiency comparison,
mainly manages to reproduce the highest as the lowest valagain there is a good agreement between the observations and
ues observed, even with high temporal variability. Singlethe computations. However, it is noticeable that from 20 to
scattering albedo values observed and modelled in dry condi24 May, the computations overestimate the mass extinction
tions fluctuate around 0.8 (with a mean value of 0.815 for theefficiency by 10 to 80%. To understand why there is a less
modelled values and 0.818 for the observed values duringyood correlation especially between 20 and 24 May, Fig. 12
the period studied). However, some isolated measurementshows the evolution of the difference between the observed
show low values of single scattering albedo below 0.7. Al-and computed mass extinction efficiency (in red) during the
though such very low values could be unusual, recent studie45-day period, and the evolution of the relative error on the
(Marley et al, 2009 Gomes et a).2008 Babu et al. 2002 integrated mass up to 500 nm observed by the SMRSS
Singh et al. 2005 Ganguly et al.200§ show single scat- M4 500 and by the AMS-MAAP M., 500.
tering albedo observations showing chronic very low values The discrepancy between observed and computed mass
below 0.6 indicating an higher concentration of absorbingextinction efficiency between 20 and 24 May, may be directly
aerosols. In addition, it has to be noted that the SSA ob{inked to a major difference of masses calculated from by the
served and modelled are both under dry conditions, leadingwo different experimental systems, the SMPEPS for the
to lower SSA values compared to wet conditions. aerosol size distribution and AMSMAAP for the aerosol
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6 ‘ ‘ 5 Conclusions
i ——EUCAARI observations
\ - --Radiative module computation

i In order to quantify the direct and semi-direct effect of
aerosols, it is necessary to compute the aerosol optical pro-
perties in atmospheric models depending on an evolving and
complex aerosol particle. To study the aerosol particles inter-
action with radiation in highly temporal and spatial variable
locations, such as urban areas, it is necessary to consider a
large number of chemical species.

Nevertheless, the high computing cost of the classi-
cally applied Mie theory generally leads to a climatologi-
cal parametrization of aerosol optical properties in regional-
climate models.

o— ‘ 5 - - w w The numerical computation was performed for six wave-
Days of May 2008 lengths using a vectorial computer (NEC SX8 type), in order
to compare the time cost of this module with the other atmo-

Fig. 11. Evolution of the dry mass extinction efficiency in gat  spheric processes (turbulence, advection, chemistry, aerosol
550 nm measured at Cabauw during EUCAARI and computed bysolver etc.)
the module. ' e

The comparison was made between two standard simu-
lations, with and without computation of the aerosol opti-
cal properties. The standard simulation required a cpu time
per point per time-step of 98.0 us versus the standard simula-
200 ' tion with the aerosol optical properties computation has a cpu
time per point per time-step of 99.7 us. These results show
that the numerical cost of the module was no more than 1.7%
of the standard simulation total cost. As an example, the

chemistry solving cost of these same simulations is 35.6%.
n We can then consider that the previously described module
is numerically very cheap relative to other processes and is

consequently affordable for most atmospheric modelling.

50 This work presents a new, computationally cheap module
dedicated to the online computation of optical properties ac-

S ‘ ‘ ‘ cording to the particle chemical composition and size distri-

16 18 20 avs o 22a 24 26 28 bution.
Days of May 2008

To minimize the computing cost, the module is founded on

Fig. 12. Relative error between the mass concentration measuredook-up tables built by a dual fifth degree polynomial inter-
by the AMS+MAAP and that deduced from the SMPS+APS for polation of the parameters depending on the median radius
parti_cles up .to 500 nm (blue line) and difference_ between mass exyf the aerosol size distribution. The parameters are the geo-

tinction efficiency observed and computed (red line). metric standard deviation of the lognormal size distribution
of the aerosol mode considered, and the imaginary and real

chemical composition. Between 20 and 24 May, the relativepart of the complex aerosol refractive index corresponding to

. a chemical composition deduced from the Maxwell-Garnett
error between both systems on the aerosol integrated mass

u .
to 500 nm can reach more than 100% and the major differ—éauanon' . .
The module was then evaluated by using observations ac-

ences between the observed and computed mass extinction ired during the EUCAARI campaign (May 2008). The nu-

efficiency occur at these same maxima. Thus, the main difﬂwuer'cal cost was also tested
ferences observed may probably come from a discrepancy in ! We ' . :
The comparisons between optical properties modelled by

the instruments in term of mass measurement, leading to a{'h aul d th ired at the Cab ¢ duri
inconsistency between the inputs and outputs of the module € module and those acquired at the t.abauw tower during

Moreover, the constant density used for the computations Opfteen days of measurements shows a good correlation. Fur-

the module’s inputs certainly leads to the main limitation of thermore, the .numer_|cal cost of Fhe .module IS sh_own to be
this evaluation. very low, allowing its implementation in atmospheric models

treating aerosol size distribution and chemical composition.
This optical module is already coupled with the ORILAM
aerosol schemeT(let et al, 2005 2006 implemented into
the atmospheric research model Meso-Ntafore et al,

-2

LIiiiiees

Mass Extinction Efficiency in g.m

250

%)

n
a
=]

Relative error (i
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1998. This development will be used in future works to

investigate feedbacks of polluted aerosols on radiation and

urban climate (especially impacts on radiative heating, de-

velopment of the urban boundary layer and the urban breeze).

Such a model could also be used for studying the effect of ur-

ban aerosols on UV radiation and the possible feedbacks o§

atmospheric photochemistry (such as the ozone production
in urban zones.

Supplement related to this article is available online at:
http://www.geosci-model-dev.net/3/553/2010/
gmd-3-553-2010-supplement.zip
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