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Abstract. A study on the estimation of J&@) and J(NQ) Keywords. Atmospheric composition and structure (Trans-
photolysis frequencies when limited ground based measuremission and scattering of radiation) — Meteorology and at-
ments (or even no measurements at all), are available is prenospheric dynamics (Radiative processes; Instruments and
sented in this work. Photolysis frequencies can be directlytechniques)

measured by chemical actinometry and filter radiometry or.
can be calculated from actinic flux measurements. In sev-
eral meteorological stations, none of the methods above are
applicable due to the absence of sophisticated instrument}

such as actinometers, radiometers or spectroradiometers. In

this case, it is possible to calculate photolysis frequenciesSOIar ultraviolet radiation drives much of tropospheric and

with reasonable uncertainty using either a) standard meteo§tratospheric chemistry since the photodissociation frequen-

rological observations, such as ozone, cloud coverage anﬁie_s' of impolrta.nt c_hem.ical species are directly related to the
horizontal visibility, available in various ground based sta- mrg:l(:elnt .radlfatlon '3 tNh'S §p§gtral rsglolrtL Eolr ?xag?le[g, the
tions, as input for a radiative transfer model or b) satelliteph(_) zySIStO_bQE ant thQ' 'Sd riven y.ty ravu?je radia I'Ofn

observations of solar global irradiance available worldwide,\tﬁ Ic ) con rL utes to e"|r etiomfpoa |:_)n anf hr_errrlllova r(t)_m
in combination with an empirical method for the conversion € atmospnere, as well as the formation of highly reactive

of irradiance in photolysis frequencies. Both methods Canradicals, making it a fundamental parameter for atmospheric

provide photolysis frequencies with a standard deviation be_chemistry studies. Photodissociation of @ O'D in the

tween 20% and 30%. The absolute level of agreement of th&resence of wa;er vapour is a key reaction, controlling Fhe
retrieved frequencies to those calculated from actual actinié);('ﬁa;'on clapzqtyl Of(t)h: atn;](_)lspgerehthtro(;}_gh the tformanon
flux measurements, for data from all meteorological cond;-2' NYAroxy! radicals (OH), while N@photodissociation in-

tions, is within5% for J(GD) and less than 1% for J(N fluences th.e removal ratg of NO, controls the formaﬁon of
for the first method, while for the second method it rises uptropospherlc ozone, and is closely related to the radical cy-
to 25% for the case of JAD) and 12% for J(NG), reflecting cles of OH gnd HQ (Krgus and Hofzumahaus., 1998).

the overestimation of TOMS satellite irradiance when com- Photolysis frequencies are directly proportional to the ac-

pared to ground based measurements of irradiance for thidnic flux (Madronich, 1987). The knowledge of this physi-
respective spectral regions. Due to the universality of thecal quantity is therefore essential for all atmospheric chem-

methods they can be practically applied to almost any staistry calculations. However, no systematic measurements

tion, thus overcoming problems concerning the availability ©f actinic flux are performed worldwide, nor does a widely
of instruments measuring photolysis frequencies. developed network of stations measuring actinic flux ex-
ist, like in the case of horizontal irradiance measurements,

most prominent among which, are the networks operating in
Correspondence taC. Topaloglou Canada, the United States, Japan, Europe and New Zealand
(ctopa@physics.auth.gr) (WMO, 1998). Regular spectral irradiance measurements
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have started in the late 1980s (Josefsson 1986; Evans et ahg¢tinic flux estimations are required. In the work of Mayer

1987; Bais et al., 1993) while some examples of the longeset al. (1998), surface actinic flux was estimated from satel-

records of spectral UV measurements worldwide are those ofite (TOMS) measurements of ozone and cloud reflectivity at

Sodankyh, Finland (Masson and Kgr 2001), Thessaloniki, 380 nm. Using this actinic flux retrieved data, global maps of

Greece (Zerefos et al., 2002), Hohenpeissenberg, Germarnyhotolysis frequencies were created.

(Gantner et al., 2000) and Toronto, Canada starting in 1989

(Kerr and McElroy, 1993). On the other hand, measurements ,

of actinic flux are mainly performed in the framework of field 2 Methodologies and data

or monitoring campaigns for related scientific projects such

as ADMIRA (Actinic Flux Determination from Measure-

ments of Irradiance http://www.nilu.no/niluweb/services/

admirgd, INSPECTRO (Influence of Clouds on the Spectral

Actinic Flux in the Lower Troposphere) or IPMMI (Interna-

tional Photolysis Frequency Measurement and Model Inter- — The “Satellite Irradiance Method”, (SIM): uses global

comparisonhttp://acd.ucar.edutantrell/ipmmi.htm). irradiance (irradiance measured on a horizontal surface)
For this reason, alternative methods have been developed  derived from TOMS satellite to retrieve JD) and

for the retrieval of photolysis frequencies using the existing J(NO) from an empirical method of converting irradi-

irradiance measurements from monitoring networks. Sev-  ance to photolysis frequencies.

eral methods include conversion of ground-based (GB) mea- . i ]
surements of irradiance to actinic flux, which is then used — The “LibRadTran method”, (LM): uses the LibRadtran

In this work, the photolysis frequencies 3@ and J(NQ)
using two different approaches are calculated, when no GB
measurements of either actinic flux or irradiance are avail-
able:

for the photolysis frequency calculation (Van Weele at al., radiative transfer model to simulate spectral actinic flux
1995; Coté et al., 1997; Kazadzis et al., 2000; Webb etal.,  (andphotolysis frequencies) using as input standard me-
2002b; Kylling et al., 2003; Schallhart et al., 2004) while ~ teorological parameters (fotal ozone, cloud cover and
more recent work introduces the direct calculation of photol-  Visibility) which are available at many stations all over

ysis frequencies from irradiance from empirical relationships ~ the world.

(McKenzie et al., 2002; Seroji et al., 2004; Kazadzis et al., gy methods were tested for an atmosphere with high and

2004; Topa_loglou et al._, 2005). _ complex (Kazadzis et al., 2007; Koukouli et al., 2006)
The previously mentioned methodg can be applied fqr 0-3er0s0l loading (Thessaloniki, Greece). An assessment of
cations where GB measurements of irradiance are availablg,q rvo methodologies is presented by comparing actual GB
However, in order to calculate photolysis frequencies for o aqyrements of actinic flux and photolysis frequencies to
regions with no radiation measurements satellite |rrad|anceEhOse retrieved from the two methods. As mentioned before
measurements can be used. In the past, satellite measurgaqe wo approaches hold the advantage of being applicable
ment§ of UV backscattered irradiance (€.g. the ToFaI Ozo_neglobally, taking into account the uncertainty of the methods,
mapping Spectrometer (TOMS)) were used combined Withg;, - satellite measurements are available in numerous loca-
radiative transfer calculations to derive UV irradiance esti- ;o< and radiative transfer model calculations can be used

mates at the ground (Herman et al., 1999; Krotkov et al.,an \yhere where certain basic meteorological parameters are
2001). These estimates are affected by both instrumental zisple.

errors and modelling uncertainties (Krotkov et al., 2002).

Individual comparisons of satellite estimates with GB mea-2.1 Method 1: the Satellite Irradiance method (SIM
surements has shown mainly a positive bias of TOMS, es- method)

pecially during summertime (Herman et al., 1999; Arola et

al., 2002; Chubarova et al., 2002; Kazantzidis et al., 2005)TOMS UV products includes surface irradiance estimates at
and in some cases a negative bias in winter (Kalliskota ethe wavelengths of 305, 310, 324, and 38G#(r25 nm with

al., 2000; Fioletov et al., 2004). According to Herman et a spectral resolution that matches the one of the Brewer in-
al. (1999) and McKenzie et al. (2001), TOMS produces sys-strument (Krotkov et al., 2002, 2005). The TOMS spectral
tematically higher UV irradiance values at the northern mid-irradiance is converted to Jt0) and J(NQ) photolysis fre-
latitudes, while in the Southern Hemisphere a better agreegquencies, using the methodology established by Kazadzis et
ment with surface measurements has been found. Thesa. (2004) and Topaloglou et al. (2005). To apply this method
deviations come as a result of a number of sources of unwe selected irradiance at certain wavelengths which are rep-
certainty such as the absolute instrument calibration; differresentative of the spectral regions of interest for these two
ent spatial and temporal resolution between GB and satellitédrequencies, namely 305 nm and 380 nm.

measurements, as well as absorption by tropospheric gases The method presented in the two previous publications
and absorbing tropospheric aerosols which are not properlyKazadzis et al., 2004; Topaloglou et al., 2005) is an ap-
taken into account in the radiative transfer calculations (Fio-proach for the retrieval of J(N® and J(GD) photolysis
letov et al., 2002). For the photolysis frequency calculation,frequencies from measurements of surface global irradiance.

Ann. Geophys., 26, 1963975 2008 www.ann-geophys.net/26/1965/2008/


http://www.nilu.no/niluweb/services/admira
http://www.nilu.no/niluweb/services/admira
http://acd.ucar.edu/~cantrell/ipmmi.html

C. Topaloglou et al.: Photolysis frequencies from TOMS satellite measurements 1967

The basic idea of this method is the determination of J's ascloud cover from observations, as measurements of cloud op-
a function of solar zenith angle, by the use of global irra- tical thickness or other parameters are rare. A fixed water
diance and empirical relationships, instead of using actiniccloud was assumed between 1 and 2 km, with a constant lig-
flux spectra. Synchronous measurements of actinic flux andiid water content of 0.1 gn¥ and an effective droplet radius
global irradiance were used to extract second degree polyef 10um which translates to a vertically integrated optical
nomials for the conversion of global irradiance to photolysisthickness of 15, essentially constant throughout the whole
frequencies. Indicative values for these polynomial coeffi-wavelength range considered. The assumption about the op-
cients can be found in Topaloglou et al. (2005). The valid-tical thickness is important especially for overcast conditions
ity of the method under different atmospheric conditions waswhile the vertical distribution of the cloud has only negli-
also examined by applying the polynomials to another set ofgible influence on the result as our sensitivity study showed.
actinic flux and global irradiance measurements performed inT he actinic flux F for broken cloud conditions was calculated
another location. In this case, comparing J values extractedith the independent column assumption, repeating the cal-
from the polynomials to those calculated from actinic flux, culation for cloud free £¢) and overcastKcq) conditions:
showed similar results, demonstrating that the method can

also be applied to other measurement sites. F = cFoqg+ (1= o) For 1)

For this work, polynomials were extracted to convert the where ¢ is the observed cloud fraction measured in octas.
TOMS irradiance exact wavelengths (305 nm forIpand For comparison with observations, the solar zenith angle and
380nm for J(NQ@)). Results from the method were com- gyn-Earth distance for the time of measurement was used
pared to photolysis frequencies retrieved from GB spectralp, the calculation. The model calculations were performed
actinic flux measurements for a four month period (April- ith high spectral resolution and convoluted with a 1nm Full
July 2003) at Thessaloniki, Greece, during the INSPECTRQigth at half maximum (FWHM) triangular slit function.

campaign. The GB actinic flux measurements where also standardized
_ ) to a 1 nm triangular slit function using, an algorithm for SHIft
2.2 Method 2: the libRadtran method (LM method) and quality Control of solar spectral UV measurements de-

. ) . ) . veloped in the RIVM (SHICRIVM algorithm, Slaper et al.,
The aim of this approach is to use meteorological infor- 1 995y |nstitute (National Institute for Public Health and En-
mation which is routinely available at many stations world- vironment) in Bilthoven, The Netherlands. For the calcu-
wide: total ozone (either from GB measurements or satelliteion of the photolysis f’requencies JO and J(NQ) the

observations), cloud cover and horizontal visibility. Spec- mqqeled spectra were weighted with the respective absorp-
tral actinic flux was calculated with the libRadtran radia- tion cross sections and quantum yields.

tive transfer package (Mayer and Kylling, 2005) with the

multi-stream DIScrete Ordinates Radiative Transfer equatiorp.3 Ground-based actinic flux and irradiance

solver (DISORT) by Stamnes et al. (1988) using 6 streams. measurements

Profiles of pressure, temperature and trace gases were used

from the mid-latitude summer atmosphere by Anderson etActinic flux measurements from 290-500 nm with a step of
al. (1989). Total ozone was scaled with the TOMS obser-0.5 nm were performed by the Bentham instrument, using a
vation for each particular day. A constant surface albedo ofslit function of 0.92 nm FWHM, approximately every half
0.06 was assumed. As aerosols profiles we used that frorhour. The instrument has been used in many UV monitor-
Shettle (1989) as included in libRadtran, where the verticaling campaigns measuring global irradiance or actinic flux or
profiles are parameterized as a function of the horizontal visboth (Bais et al., 1999; Webb et al., 2002a; Kylling et al.,
ibility. A well-mixed boundary layer of 1 km is assumed in 2003, 2005). Photolysis frequencies from actinic flux spec-
this model with a rapid decrease of aerosol extinction aboveral measurements/¢g) were calculated and were used as
1km. For sensitivity tests the rural and maritime profiles a reference in order to evaluate each of the two described
were used. The assumptions about the vertical profile and thenethod’s performances. Global irradiance and actinic flux
boundary layer height in particular strongly affect the conver-measurements were alternatively performed during the spec-
sion of horizontal visibility to aerosol optical thickness. As tral scan by the same instrument. As a result, almost simul-
has been shown by Mayer et al. (1997), the parameterizataneous actinic flux and global irradiance measurements are
tion of aerosol via visibility with the methodology explained available at each wavelength from which the polynomials of
above improves the accuracy of the simulations considerablythe SIM method were calculated.

However, the use of optical thickness measurements would The absorption cross section and quantum vyield used
further improve the accuracy but limit the spatial coverage,for the J(GD) calculations were those of Daumont et
of the LM method. Such measurements can be obtainedal. (1992) and Matsumi et al. (2001) respectively, while for
for example, using Aerosol Robotic Network (AERONET, the J(NQ) calculation both functions used were from De-
http://aeronet.gsfc.nasa.gaata collected at a number of lo- More et al. (1997). For the selection of the cloud free days
cations around the world. Concerning clouds, we used onlywe used the methodology described in Vasaras et al. (2001),

www.ann-geophys.net/26/1965/2008/ Ann. Geophys., 26, 19%555-2008
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Table 1. Mean ratio and standard deviation between SIM method A ________ x__
and GB measurements for irradiance and photolysis frequencies. oo
80 l(‘)O 1‘20 1A‘t0 1‘60 11‘30 2l‘30 220
305nm 380nm DOY 2008
Irradiance TOMS/GB 1.4680.330  1.166-0.245 Fig. 2. Ratio of TOMS/GB measurements of irradiance and
J(O'D) J(NG) SIM/GB photolysis frequencies, 305nm and 3p) (upper) and
Photolysis freq. SIM/GB ~ 1.2660.261  1.128:0.207 380 nm and J(N@) (lower).

o o angular slit function, followed by the comparison of the de-
which is based on the Val‘lablllty of the measurements fromrived phot0|ysis frequenciegilM)_ The Comparison of the
a collocated pyranometer. In addition, meteorological obser{yo wavelengths (305 and 380 nm) between TOMS and GB
vations of sky cloud coverage (in octas) were used. The_ clougneasurements as well as thgu/Jes photolysis frequency
observations correspond to the spectroradiometer's time ofomparison are shown in Fig. 2. The results are summarized
the spectral measurement and frequency of each cloud covp Taple 1.
erage case appearance as a percentage of the total number OfBefore applying the method to TOMS (or other) data, cal-

the observations is shown in Fig. 1. culations were performed concerning the uncertainty of the
method itself. To achieve that, we used irradiance mea-
surements from the Bentham instrument simultaneously per-
formed with those of actinic flux to derive photolysis by us-
3.1 Comparison of Satellite Input Method and Ground ipg the empirical m_ethod. In this way_thqre are no uncertain-
Based photolysis frequencies ties introduced neither by synchronization of the measure-
ments nor by possible instrument differences. The ratio of J's
As already mentioned in the previous section, the time pe<calculated from the method using Bentham'’s irradiance over
riod examined was April to July 2003. In order to make the J's from actinic flux is 0.98:0.07 for J(GD) and 0.99-0.08
comparison between TOMS and the GB instrument, the meafor J(NO,) and they refer solely to the polynomial method
surements of TOMS closest in time to those performed onperformance.
the ground were used. First, we show the comparison be- The agreement between SIM/GB ratio of J®Cand
tween satellite irradiance and GB irradiance measured by th@OMS/GB ratio for 380 nm irradiance is very similar,
Bentham spectrophotometer both standardized to a 0.55 trishowing that the irradiance comparison is reflected on the

3 Comparison of measurements and methods
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photolysis frequencies. Most of the large discrepancies 1
shown in Fig. 2 are due to cloud variability. That is because 1
TOMS reflectivity represents the cloud fraction per satellite 14
grid (pixel) and no information about the real direct sun at-
tenuation is taken into account when TOMS irradiance is
retrieved. More detailed analysis of the cloud impacts can
be found in Sect. 3.4. Regarding the 305 nmiI¥Dcor-
relation, we observe that the photolysis frequency compari-
son is significantly improved compared to that of the single
wavelength irradiance used in the method, both in terms of
mean ratio and standard deviation. This can be explained
by the fact that the empirical (SIM) method used to retrieve 04 —— T
the photolysis frequencies from irradiance data uses only the 280 300 320 A oty 00
TOMS measurement at 305 nm which, as demonstrated in

Fig. 2, shows an overestimation compared to the GB irradi-
ance measurements. However the effective wavelengths for
the O; photolysis frequencies is higher than 305nm and the |, \ Rural cloudless skies
calculation of J(@D) from ground-based actinic flux mea-
surements, applies the proper spectral weighting according
to the absorption cross section and the quantum yield used.
In addition, the application of the polynomial functions used
for the SIM photolysis frequencies calculation from the ir-
radiance measurements is partly responsible for the above
fact. Sensitivity studies have shown that changes in the or-
der of £5% in the 305 nm irradiance input of the polyno- 06
mial functions resulted in a 2.5% deviation in the retrieved ]
J(O'D) and 3.5% for the case of J(ND demonstrating that o4 — T T T ' T T T T T " T 1
the SIM method produces smaller discrepancies betweenthe ~ **  **  *  {eenghom
retrieved and GB photolysis frequencies than those between

TOMS and GB irradiance. Fig. 3. Ratio of model estimated over measured actinic flux us-
ing maritime (upper) and rural (lower) aerosol type as model input.
3.2 Comparison of LibRadTran method and ground basedtioudless cases wavelength averages are shown (continuous line)
measurements while all cases are shown in circles. Also the mean valbgd)
standard deviation for cloud free cases is shown in dashed lines.
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3.2.1 Actinic flux comparison

First, a comparison of the actinic flux between the model cal-rural) as well as the RTM conversion of horizontal visibil-
culation and the GB measurements for the spectral range dty to aerosol optical depth. The wavelength dependence of
295-420nm is shown in Fig. 3. The data set is providedthe ratios is in the order of 10% and 8% for maritime and
from the INSPECTRO monitoring campaign. As mentioned rural cases, respectively. Most of this variation is observed
before, the model calculations use the actual solar zenith anfor wavelengths larger than 380 nm. Such deviations could
gle of each measurement as input together with TOMS totahrise from the instrument calibration and primary standard
column ozone, horizontal visibility, and cloud cover. lamp sources in use. The ratios for wavelengths lower than
The actinic flux from the model calculatiofi(y ) is com- 305 nm show a systematic overestimation of the model cal-
pared to the synchronous GB measurements of actinic fluxulated actinic flux. The use of a single ozone value provided
(Fgp). The ratio of Fum/Fgg is shown as a function of from TOMS data could be considered as a possible reason for
wavelength for two aerosol type model input cases, one okuch deviations. In addition, the uncertainty of the GB mea-
maritime aerosols (left) and another of rural aerosols (right).sured actinic flux is high in the specific wavelength range.
The mean ratios calculated frow2400 spectral measure- The standard deviation of these ratios significantly increases
ments, show a quite good agreement for the spectral regiowhen all sky cases are taken into account. In Table 2 below,
of 300—-420 nm especially when the maritime aerosol type ishe mean ratios and standard deviation for two wavelengths
used. No significant differences to these mean values wer€305 nm and 380 nm) are presented. The wavelength selec-
found comparing clear sky (900 spectra) to all sky condi-tion of 305 and 380 nm is related to their maximum contribu-
tions. The absolute level of agreement is influenced by bothion (compared to the other wavelengths) to thea®d NG
the choice of aerosol mode used in the model (maritime omphotolysis frequencies, respectively.

www.ann-geophys.net/26/1965/2008/ Ann. Geophys., 26, 19%555-2008
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01D

O Rural

Table 2. Mean ratio and standard deviation of model estimated

actinic flux at 305 and 380 nm for two aerosols types over measured
actinic flux for sza<85°. 25 Martime
2.0 —
All data 305nm  380nm N
Rural aerosols 0.980.31 0.96:0.32 § 05
Maritime aerosols 1.080.32 0.99:0.32 =
Cloud free data (0 octas) 305nm 380nm ’28 150 -
Rural aerosols 0.950.12 0.8%0.11 o 125
Maritime aerosols 1.G¥0.12 0.9%0.10 S o0
075;
050;
1 T T T — 1 T T
Table 3. Mean ratio (and standard deviation) of model estimated . ° " Solar zenith :ﬁgb (Deg(r)ees) " ” °

J(O'D) and J(NG) for two types of aerosols over photolysis fre-

quencies from measurements of actinic flux (2&°).
JINO2

O Rural
All data J(GD) JIND,) i A, Maiime
Rural aerosols 0.9430.301 0.908-0.331 20]
Maritime aerosols 1.0660.316 1.0020.331 § 15-:
Cloud free data (0/8) J(m) JIND,) g 10
Rural aerosols 0.9530.125 0.89#0.118 § 05
Maritime aerosols 1.0780.123 1.002-0.109 =
g 150—_
9 125 —
2
é 100—-
The general agreement is within acceptable limits for the — °*]
two aerosol approaches. More specifically, the ratio between  °® 7} Cloudisssskies | —— ———t—

modelled and measured actinic flux is withv% around 0 ® ® Silar zenith Angle (Degrees)
unity for both aerosol approaches with a standard deviation

of ~30% for 305 nm and within 0.9 and 0.99 W'th the same Fig. 4. Ratio of model estimated over measured photolysis frequen-
standard deviation for 380 nm. The standard deviation of thesies, 3(@D) (upper) and J(N@ (lower), as a function of solar
cloud free skies dataset is substantially reduced compared tgenith angle for cloud free data and all data for two aerosol types
the all-conditions data set, namely from 30% to 10% Y1  used in the model calculations.

Rural aerosol model input parameters lead to a general un-

derestimation of the actinic flux compared to the spectrora-

diometer’'s measurements especially for larger solar zenittfleviation are presented. The ratio diverges more from unity
angles. For solar zenith angles up t6 5e observe a small and the standard deviation increases with solar zenith angle.

deviation and the ratio is around unity, higher for maritime Since the model uses approximations for both the aerosol op-
and lower for rural aerosol types, suggesting that the actuafic@l depth (derived from horizontal visibility) and the single
aerosol in Thessaloniki might be best described by a mixturescattering albe_do, itis expecte_d that higher deviations Wlll_be
of both. In other words, differences between the approximate®Pserved for higher solar zenith angles due to longer optical
input values of the model and the actual atmospheric paramPath. In addition, J(Ng) ratios show smaller variability at

. . L. i i i
eters will produce higher deviations between modelled andgh solar zenith angles than the one of Jpdue to the
measured actinic flux. fact that the latest is more affected from aerosol input uncer-

tainties.
3.2.2  Photolysis frequency comparison between model and The comparison of both J@) and J(NQ) is quite good
ground-based measurements since the ratio of modelled to measured frequencies is close

to unity especially for maritime aerosol type. These results
The photolysis frequency values from the model calculationfollow the same pattern with the comparison of actinic flux
are compared to thégg values derived from the GB mea- wavelengths shown in Fig. 3. These two photolysis frequen-
surements of actinic flux. In Fig. 4, the ratio éfm/Jes cies can be satisfactorily reproduced by the LM model calcu-
is shown, for the two photolysis frequencies 3 and lation method with a standard deviation-e80% for all data
J(NQ,) for all (upper panel) and cloud free (lower panel) sky and~12% for cloud free data.
conditions. In Table 3 below, the mean ratios and standard

Ann. Geophys., 26, 1963975 2008 www.ann-geophys.net/26/1965/2008/
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A main source of uncertainty of the model calculation is 250
the fact that there is no information in the model input about . Al data moon Yalues
the sun being visible or not. The model scales both the di- MO STMLGE, meane 1,266, sl 0.261
rect and diffuse component of the radiation according to the
cloud cover. The effect of these approximations may lead to &
differences up tat25% around unity in the| y/Jgp ratios
for the same cloud cover. This is demonstrated from exam-
ining case studies for both low (3/8) and high (7/8) cloud
cover. In addition, since the model uses hourly cloud cover
values and a constant cloud optical depth of 15, an addi-
tional uncertainty may be introduced in the case of variable

KO LAMGE, means 0990, sod= 8,159, rural

MO LAMGE, means 110, sid= 0,226, morbiime

Ratio Jmeth/J

cloudiness within this hour. Finally, the assumption of the 050 < : : : : :
boundary layer height determines the conversion of horizon- 80 100 120 0y 2008 180 200 22
tal visibility to aerosol optical depth which may introduce
additional uncertainty sources depending on the variability .
of the aerosol profiles over Thessaloniki area for the period all data, noon values
analyzed. T — J(NO2) SIM/GB, mean= 1.28, std= 0.207

Finally, it should be noted that the main purpose of the 200 —————4-- X 3(NO2) LM/GB, mean= 0945, std= 0210, rural
model calculations using minimum input parameters was to g 3 @  J(NO2) LM/GB, mean=1.023, std= 0.220, maritime

h/J

derive a methodology that can be applied to other stations
that have the availability of such — standard meteorological
information — products.

il

Ratio Jme

3.3 Comparison of the two methods

In order to compare the results of the two methods, the ratio
of the photolysis frequencies from the two approaches (LM . I i I I - i i
derived and SIM derived) versus the GB Js will be presented DOY 2003

in the next few graphs as an addition to the analysis of the

previous sections. The results of the two methods are preFig: 5. Ratio of J(GD) and J(NQ) estimated by the two methods
sented together, including only GB measurements and modélVe" GB retrieV(_ed from actinic qu>§. Continuou_s line shows _the ratio
calculations that are performed in the same time period of th&f /sim/Jap while symbols the ratid| v/ /e (circles for maritime
day that TOMS overpasses Thessaloniki (between 08:30 aniglnOI crosses for rural aerosols).

10:00 UT). Jmeth refer to the photolysis frequencies derived

by any of the two methods/§m for the satellite method and 1, 5704 while the model calculation results are rather satis-

Jum for the model calculation) whildgg refer to those cal-  5.tory for both J(@D) and J(NQ) with slight variations of
culate by GB measured actinic flux. the ratio depending on the aerosol type used. Both meth-
As shown in Fig. 5, the results are quite similar for the two s show similar standard deviation in the order of 20-25%.
approaches. The absolute level of agreement betWégn A5 observed from the tables, the absolute agreement of the
and theJgg photolysis frequencies is slightly higher com- q0lysis frequencies remains in the case of cloud free data

pared to the/iu/ Jce ratio, especially for the case of XD),  however the standard deviation is reduced substantially com-
while the standard deviation is approximately the same. Thepared to the whole data set and is narrowed to a level of 4—
difference in the absolute level between the two methods rego,,

flects the overestimation of TOMS when compared to the GB

measurements of irradiance, as shown in Flg 2 and Table 134 Comparison of methods versus cloud cover

a feature which is more pronounced for the 305 nm than the

380 nm. This explains the better agreement of the two meth+ollowing, the ratios between photolysis frequencies calcu-

ods for the J(N@) case. To improve the results further more, lated by the two methods versus those from GB actinic flux

we show below the same comparison including low cloudare shown as a function of observed cloud cover. As ex-

data (0-3 octas). pected, the standard deviation of the ratio increases with
The comparison of the results from the two methods forcloud cover for both methods. For the LM method, the mean

the measurements performed during the satellite’s overpasstio and standard deviation of the measurements for each

(08:30-10:00 UT) are shown below, in Table 4, for all data cloud cover group is shown, while for the SIM ratios, the ra-

and low cloud data (0-3/8): The SIM method tends to over-tio is shown for each measurement separately due to limited

estimate the photolysis frequencies, especially théDjQp number of measurements for each cloud cover group. The

0.50
I I I I I I '

www.ann-geophys.net/26/1965/2008/ Ann. Geophys., 26, 19%555-2008



1972 C. Topaloglou et al.: Photolysis frequencies from TOMS satellite measurements

Table 4. Mean ratio and standard deviation of photolysis frequencies derived from the two methggg; and Jmoder COMpared to/gg
from GB actinic flux for all data and low cloud fraction cases.

All data Model maritime/GB  Model rural/GB ~ TOMS/GB
J(OlD) 1.109+0.226 0.99-0.189 1.26:0.261
J(NGy) 1.023£0.22 0.945-0.21 1.1280.207
Low Cloud Fraction data (0 to 3/8)
J(O'D) 1.07£0.101 0.9720.104  1.18:0.093
J(NGy) 0.994+0.108 0.93@:0.107 1.072-0.06
250 3.00
B 0-3 octas, noon values @  J(O1D)toms/J act
200 —@— J(O3) SIM/GB, mean=1.185, std=0.094 7 $ j;gis:::::j::mj;m
X J(03) LM/GB, mean=0977, $d=0.104, rural ;
8 | @ (03 LM/GB, mean=1072, $d=0.101, maritime g 200 . : : il
5 : . T T
§= o i ' i H 1 ,,T
§ g 1.00 TL"\'T i J .l
. | aniginiE
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X
®

0-3 octas, noon values
J(NO2) SIM/GB, mean=1.072, std=0.06
J(NO2) LM/GB, mean=0.930, std=0.107, rural
J(NO2) LM/GB, mean=0.994, std=0.109, maritime

-1.0 0.0 1.0 20 3.0 4.0 5.0 6.0 70 8.0 9.0
octas

Fig. 7. Ratio of estimated over GB photolysis frequencies as a func-
tion of cloud cover for J(@D).

tion for low cloud cover and overestimate it for high cloud

150 cover since it can not include information about the visibil-
ity of the solar disk. The direct component is reduced in the
model calculations according to the cloud cover. This leads
to lower direct radiation for cases of low cloud coverage (2 or
3 octas) of the sky where there is high probability that the sun
is completely visible and higher direct radiation is measured
by the instrument.

Ratio Jmeth/Jgb

0.50
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DOY 2003 _
4 Conclusions

Fig. 6. Ratio of calculated to measured photolysis frequencies for

low cloud cover conditions (0-3 octas). Crosses and diamonds shon this work we present two methods to estimate the photol-
the ratio of the model calculated Js over GB ones, while full circlesysis frequencies of N9and D either from satellite data
the ratio of TOMS derived frequencies over ground based Js. alone or from basic input parameters which are available at
many stations. From the comparison of photolysis frequen-
cies retrieved from these methods to photolysis frequencies
calculated from ground-based measurements of actinic flux

results described above are shown in Fig. 7 forll{Oand :
g we conclude to the following results:

are similar for the J(N@) case.

The behaviour of the model to GB ratio between model
and GB photolysis frequencies is a result of the approxima-
tion the model uses to scale the radiation according to cloud
cover as mentioned previously. Previous work has shown
that the model approximation tends to underestimate radia-

— Actinic flux wavelengths 305 and 380 nm can be repro-
duced satisfactorily by the libRadtran model with an un-
certainty of 30% for all cases and 12% for cloud free
cases. The absolute level of agreement for {N@-
tio varies between 0.9 and 1 depending on the aerosol
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type used in the model calculations, while 30D esti- for cloudy cases and also information on the cloud type and
mation ratio varies between 0.95 for rural, and 1.05 for height can be used to improve the LM method at locations
maritime aerosols. For cloud free cases the ratios rethat could provide such data.
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