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1 INTRODUCTION

Sun emits electromagnetic radiation in a wide range of spectrum, and the wavelength
range between 100 and 400 nm is referred to as ultraviolet (UV) radiation. The UV
spectrum can be further divided in UVC (100–280 nm), UVB (280–315 nm) and UVA
(315–400 nm) spectral regions. UV radiation is harmful for life on planet Earth, but
fortunately the atmospheric oxygen and ozone absorb almost entirely the most energetic
UVC radiation photons. However, part of the UVB radiation and much of the UVA
radiation do reach the surface of the Earth, and these photons are known to affect human
health, nature, materials as well as to drive atmospheric and aquatic photochemical
processes eg. [UNEP, 1998, 2003, 2007]. In order to quantify the effects and processes
there is a need for ground-based UV measurements and radiative transfer modeling to
estimate the amounts of UV radiation in the biosphere.

The discovery of the Antarctic stratospheric ozone depletion [Farman et al., 1985]
in mid 80’s caused an urged need for research on atmospheric ozone and UV radia-
tion. The scientific understanding on the processes of the stratospheric ozone depletion
evolved rapidly and proved that the alarming change in the atmosphere was indeed
caused by anthropogenic emissions of ozone depleting compounds, which soon re-
sulted in political actions to control the emissions of them. The international actions
taken under the 1985 Vienna Convention, the 1987 Montreal Protocol and its amend-
ments have now resulted in decline in the emissions of the ozone depleting compounds,
but full recovery of the ozone layer is projected to take half a century [WMO, 2007].

It takes a great effort to measure surface UV radiation accurately, as well as to
maintain the instrument calibration and the quality of the measurements [Seckmeyer
et al., 2001]. Hence, the number of reliable ground-based surface UV irradiance mea-
surement stations is limited, and especially marine regions and remote places are in-
sufficiently covered. Furthermore, the quality of the ground-based surface UV mea-
surements before early 1990’s is unclear [Weatherhead et al., 1998]. Thus, alternative
methods to estimate the UV exposures are needed and the satellite observations with
their near-global spatial coverage and long-term data continuity offer some attractive
options.

The objectives of this thesis have been: 1) to implement the surface UV algo-
rithm originally developed at NASA Goddard Space Flight Center for estimation of the
surface UV irradiance from the measurements of the Dutch-Finnish built Ozone Mon-
itoring Instrument (OMI), 2) to improve the original surface UV algorithm especially
in relation with snow cover, 3) to validate the OMI-derived daily surface UV doses
against ground-based measurements, and 4) to demonstrate how the satellite-derived
surface UV data can be used to assess the effects of the UV radiation.

The thesis consists of seven original papers, which will be referred to by ro-
man numerals (I-VII). The major contributions of the author are as follows. Paper I
gives an overall description of how the surface UV algorithm originally developed
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by NASA/GSFC is being applied to the measurements of the Ozone Monitoring In-
strument. Paper II describes the unique Very Fast Delivery (VFD) processing system
specifically developed for processing of the OMI data received at the Sodankylä satel-
lite data centre. The VFD system produces near real time maps of the total column
ozone and surface UV radiation over Northern Europe. Both Paper III and Paper IV
are focused on the surface UV albedo of the snow-covered land. Paper III presents a
new method that uses snow-depth data for estimation of the surface albedo required by
the surface UV algorithms. In Paper IV the satellite-derived surface albedo data are
analyzed together with land cover and snow cover information to show that the satura-
tion level of the regional surface albedo is determined by the land cover type, which is
an essential finding for global modelling of surface UV irradiance. Paper V presents a
comparison of the OMI-derived daily erythemal doses with those calculated from the
ground-based measurement data of 18 spectral UV instruments. It gives an estimate of
the expected accuracy of the OMI-derived surface UV doses for various atmospheric
and other conditions, and discusses the causes of the differences between the satellite-
derived and ground-based data. Paper VI and Paper VII demonstrate the use of the
satellite-derived surface UV data. Paper VI presents an assessment of the photochemi-
cal half-lives of the polybrominated diphenyl ethers in the Baltic Sea and the Atlantic
Ocean. Radiative transfer model has been used to estimate spectral irradiances that are
required both to analyze the vial exposure experiments and to assess the amount of UV
radiation at the sea surface. In Paper VII satellite-derived daily surface UV doses are
used for optimization of the sampling timing of the outdoor weathering test.
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2 MATERIALS AND METHODS

This chapter contains a description of the Ozone Monitoring Instrument, a brief sum-
mary of the atmospheric radiative transfer and methods applied for solving the radiative
transfer equation, and a review of the methods used in satellite estimation of surface UV
radiation.

2.1 OZONE MONITORING INSTRUMENT

The Ozone Monitoring Instrument (OMI) is a nadir-viewing spectrometer that mea-
sures reflected and backscattered solar ultraviolet and visible light [Levelt et al., 2006].
OMI is designed to monitor atmospheric ozone, clouds, aerosols, SO2, NO2, HCHO,
OClO, and BrO. OMI was built by Dutch Space and TNO Science & Industry in col-
laboration with Finnish subcontractors VTT and Patria Finavitec. The instrument was
financed by the Netherland’s Agency for Aerospace Programs and the Finnish Meteo-
rological Institute, and it is a Dutch-Finnish contribution to the Earth Observing System
(EOS) Aura mission of the National Aeronautics and Space Administration (NASA).

OMI contains two spectrometers that together cover the wavelength range from
270 to 500 nm. Figure 2.1 shows the optical layout of the telescope, and the UV
channels of OMI. The measurement principle of OMI is depicted in Figure 2.2. The
viewing angle of OMI is 114◦ that corresponds to a 2600 km wide viewing swath,
which enables near-global coverage of the sunlit portion of the atmosphere. The spatial
resolution of the instrument is 13 × 24 km in nadir, and increases towards the edges of
the swath to some 13 × 150 km [Levelt et al., 2006]. The increase of the pixels is not
linear, and a large majority of them are smaller than 13 × 50 km. OMI measurements
are nominally made once a day in the afternoon around 1:45 p.m. local solar time.
The exact local overpass time varies by ±50 minutes and at high latitudes there are
often several overpasses per day. The light entering the telescope is depolarised with
a scrambler and split into the two UV channels (UV-1: 264–311 nm, UV-2: 307–383)
and the visible channel (349–504 nm). OMI uses 2-D charge-coupled device (CCD)
detectors that enable simultaneous measurement of spectral and spatial information.
The European predecessors of OMI are the ESA instruments GOME [Burrows et al.,
1999] and SCIAMACHY [Burrows et al., 1995]. OMI was launched on July 15, 2004
onboard NASA’s EOS Aura satellite to a sun-synchronous polar orbit with equator
crossing time around 1:45 p.m. OMI continues the Total Ozone Mapping Spectrometer
(TOMS) record for total ozone measurements [Bhartia and Wellemeyer, 2004]. The
TOMS instruments were flown onboard on several spacecrafts (Nimbus-7, Meteor-3,
ADEOS, Earth Probe) since 1978 [Heath et al., 1975; McPeters et al., 1998]. As OMI
measures atmospheric ozone and cloud properties, it is suitable for global mapping of
surface UV using the method originally developed for estimation of surface UV using
the TOMS measurement data.
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Figure 2.1. The optical layout of the telescope, and the UV channels of the Ozone Monitoring
Instrument. (Courtesy of TNO Science & Industry)

The primary contribution of the Finnish Meteorological Institute to the OMI project
was to coordinate the participation of the Finnish industrial partners, VTT, Patria Fi-
navitec, and Space Systems Finland to building of the OMI instrument and to devel-
opment of the ground segment software. Additionally, FMI had a strong interest to
utilize the OMI measurements, to establish a Direct Broadcast receiving station in So-
dankylä, and contibute to the development of the scientific algorithms for processing
of the OMI measurement data. As FMI had been active in the research of atmospheric
ozone and ultraviolet radiation, FMI and NASA GSFC made an agreement to jointly
develop an algorithm for estimation of the surface UV irradiance from the OMI mea-
surements. The surface UV algorithm originally developed by NASA GSFC for the
TOMS instrument [Eck et al., 1995; Herman et al., 1996; Krotkov et al., 1998; Herman
et al., 1999; Krotkov et al., 2001, 2002a] was made available for the project, and even
after several modifications the original TOMS UV algorithm still forms the core of the
OMI surface UV algorithm. The OMI instrument was launched July 15, 2004 onboard
NASA’s EOS Aura satellite, the first nominal mode OMI measurements were made in
August 17, 2004, and since September 6, 2004 OMI has provided nearly continuous
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Figure 2.2. The OMI measurement principle.

global measurements of the composition of the Earth’s atmosphere.

2.2 ATMOSPHERIC RADIATIVE TRANSFER

Modeling of the transmission of the photons through the atmosphere is based on the
radiative transfer theory (eg. Thomas and Stamnes [1999]). Once the photons emit-
ted by the Sun reach the Earth’s atmosphere, they can interact with the atmospheric
constituents by getting absorbed or scattered. The propability of these interactions are
described by cross sections. The main UV absorbing gases in the atmosphere are O3,
O2, SO2, NO2. Rayleigh scattering from air molecules plays an important role at UV
wavelengths as the scattering cross section depends on the wavelength as λ−4. Water
and ice clouds cause Mie scattering. Aerosol particles both scatter and absorb UV ra-
diation. As the atmosphere does not significantly emit radiation at UV wavelengths the
radiative transfer equation for UV radiation in the atmosphere can be expressed as

Ω̂ · ∇L(�r, Ω̂) = −σe(�r)L(�r, Ω̂) +

∫
σs(�r)p(�r, Ω̂′

→ Ω̂)L(�r, Ω̂′)dΩ̂′, (2.1)

where �r and Ω̂ are the photon position and direction vectors, L(�r, Ω̂) is the unknown
radiance, σe and σs are the macroscopic extinction and scattering cross sections, and
p(Ω̂′

→ Ω̂) is the phase function that describes the scattering distribution. The first
term of the equation is called the streaming term, while the second term describes the
extinction of photons, and the last term is the scattering source term. The atmospheric
radiative transfer problem has two boundary conditions: the solar beam of photons
entering the atmosphere, and the bidirectional reflection of the photons from the surface
of the Earth.
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The atmospheric radiative transfer equation can be solved analytically only in
some special simplified cases. For example the extinction of the direct solar beam
reaching the Earth’s surface follows the simple Beer-Bouguer-Lambert law

Ldir = L0e
τe , (2.2)

where L0 is the extraterrestrial radiance, and τe =
∫ s

0
σe(s

′)ds′ is the extinction optical
path from the outer boundary of the atmosphere to the Earth’s surface. The challenging
part of the radiative transfer equation to solve is the multiple scattering of photons
in the atmosphere. Several numerical methods have been developed for this purpose.
Some of the widely used models are the method of discrete ordinates [Chandrasekhar,
1950], the method of successive iteration of the auxiliary equation [Dave, 1964], the
spherical-harmonic method [Karp et al., 1980], the doubling-adding method (eg. [Liu
and Weng, 2006]), the Monte Carlo method [Collins et al., 1972], as well as the class of
more approximative two-stream solutions (see eg. [Thomas and Stamnes, 1999]). The
author of the thesis is most familiar with the radiative transfer solvers included in the
libRadtran software package [Mayer and Kylling, 2005].

2.3 MODELING OF SURFACE UV RADIATION USING SATELLITE

DATA

Various methods have been developed for estimation of the amount of UV radiation
at the Earth’s surface. Some of the methods are based on radiative transfer modeling,
while others rely on heuristic models, or even utilise neural networks that are trained
with ground-based measurement data. The task of estimating the past surface UV data
can also be referred to as reconstruction. While the models have been mostly used to
estimate integral dose quantities (eg. erythemal irradiance), they could in principle also
produce spectral data; provided that sufficient computing and data storage resources are
available. Integral dose quantities describe the effective dose for specific effect of UV
radiation, and they are calculated from

Ḋ =

∫
E(λ)A(λ)dλ, (2.3)

where A(λ) is the action spectrum, that describes the relative effectivess of the photon
of certain wavelength to cause the effect being studied.

Usually surface UV irradiance is determined by first calculating the clear-sky sur-
face UV irradiance, Ecs(z, Ω, Rs, θ), that depends on altitude, z, total column ozone Ω,
surface albedo, Rs, and solar zenith angle, θ. The clear-sky irradiance is subsequently
corrected for clouds and aerosols. The attenuation of the radiation by clouds is referred
to as Cloud Modification Factor (CMF ), and respectively an Aerosol Correction Factor
(ACF ) can be defined. Thus, surface UV irradiance is often formulated as

E = Ecs(z, Ω, Rs, θ) × CMF (τc, θ, Rs) × ACF (τa, ω, θ, Rs), (2.4)
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where τc and τa are the cloud and aerosol optical depth, respectively, and ω is single
scattering albedo that describes what part of the photon/aerosol interactions lead to
absorption of the photon. This formulation includes an assumption that the effect of
ozone, clouds and aerosols on surface UV irradiance can be separated. While the ozone
effect can be separated from the tropospheric effects, aerosols are often found in the
boundary layer below the clouds, and the two latter effects are not fully separable, and
it would be more appropriate to study them as a combined cloud/aerosol effect. While
radiative transfer calculations can be performed online, precalculated Look-Up-Tables
are often used in practical applications to achieve optimal processing times.

It should be noted that satellite data are only one possible source of data that can
be used as input to a radiative transfer model. Worth mentioning are the reconstruction
methods that use measured total column ozone and broadband radiation measurements
or sunshine duration for estimation of the past UV irradiances [Bordewijk et al., 1995;
Bodeker and McKenzie, 1996; Kaurola et al., 2000; Fioletov et al., 2001; Eerme et al.,
2002; de La Casiniere et al., 2002; Lindfors et al., 2003, 2007]. Comparison of the
reconstructed surface UV time series with ground-based measurements have shown
that these methods can produce remarkably accurate estimates of the past surface UV
data. This finding confirms that radiative transfer models can represent realistically the
atmospheric transmission, and that broadband radiation measurements contain all the
information required for determination of the attenuation of UV radiation by clouds.

Various methods have been suggested for satellite estimation of the surface UV ra-
diation [Frederick and Lubin, 1988; Madronich, 1992; Eck et al., 1995; Herman et al.,
1996; Meerkötter et al., 1997; Krotkov et al., 1998; Lubin et al.; Mayer et al., 1998; Her-
man et al., 1999; Li et al., 2000; Matthijsen et al., 2000; Verdebout, 2000; Krotkov et al.,
2001, 2002a; Arola et al., 2002; Ciren and Li, 2003; Wuttke et al., 2003; van Geffen
et al., 2004; Su et al., 2005; Tanskanen et al., 2006; Kujanpää et al., 2006]. They utilise
many different sources of satellite data for total column ozone (eg. TOMS, GOME,
SCIAMACHY, GOME-2) and cloud information (eg. TOMS, AVHRR, MVIRI, ERBE,
ISCCP, CERES). While the focus in the following is mainly on the methods used by
the OMI surface UV algorithm, most of the presented methods are generic.

2.3.1 Clear-Sky Surface UV Irradiance

Assuming that there are no clouds nor aerosols in the atmosphere and treating the sur-
face of the Earth as a Lambertian or isotropic reflector, the clear-sky surface UV irradi-
ance can be determined from

Ecs =
E0

d2

Edir + Ediff

1 − RsSb

, (2.5)

where E0 is the extraterrestrial solar flux at 1 AU, d is the Sun-Earth distance that
depends on the day of the year, and Edir and Ediff are the direct and diffuse contribu-
tions to the surface UV irradiance for unit solar flux and zero surface reflectivity. The
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factor (1 − RsSb)
−1 accounts for the effect of surface reflection, where Rs is surface

albedo and Sb is the atmospheric backscattering ratio. The clear-sky direct and diffuse
irradiance are the two quantities determined with a radiative transfer calculation. In
Figure 2.3 are shown Edir and Ediff as a function of the solar zenith angle calculated
with SDISORT-model [Dahlback and Stamnes, 1991] assuming 300 Dobson units total
ozone column (1 Dobson unit (DU) equals 2.6867× 1016 molecules/cm2), standard US
atmosphere [Anderson et al., 1986], and no aerosols. The direct radiation dominates
the total erythemal irradiance only at small solar zenith angles, because Rayleigh scat-
tering efficiently removes UV radiation photons from the direct beam. Therefore, the
radiance distribution of the UV radiation is more diffuse than that of visual radiation.
The solar zenith angle required for the radiative transfer calculations is derived from the
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Figure 2.3. The clear-sky direct and diffuse irradiance as a function of the solar zenith angle.

geolocation and UTC time using basic astronomical equations [Iqbal, 1983]. Calcula-
tions also involve an assumed model for the atmosphere. The model parameters that
are adjusted to represent the specific case are the altitude obtained from the GTOPO30
digital elevation model [Verdin and Greenlee, 1996], and total column ozone deter-
mined from the satellite measurement. Additionally, the atmospheric model including
the assumed ozone profile is chosen according to the latitude and season. Krotkov et al.
[1998] describe the details of the clear-sky modeling of the OMI surface UV algorithm.
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2.3.2 Cloud Modification Factor

The OMI surface UV algorithm determines the Cloud Modification Factor, CMF with
radiative transfer calculations for a homogeneous, plane-parallel cloud model embed-
ded in a scattering molecular atmosphere with ozone absorption [Krotkov et al., 2001].
The cloud optical depth, τc is assumed to be spectrally uniform and the effective τc

is obtained by matching the calculational 360 nm radiance with the radiance mea-
sured by OMI. Modeling involves an assumption for surface albedo that is taken from
a climatological database [Tanskanen, 2004]. The same cloud model is used to de-
termine wavelength-dependent cloud correction factor CMF (λ). The plane-parallel
cloud model approach can not account for broken, multi-layer or mixed phase clouds.
This limitation is the principal source of error in comparing satellite derived UV with
ground-based measurements. The OMI surface UV irradiance represents the spatial
average over the OMI footprint. It should be noted that the above described method
for determination of CMF does also account for scattering aerosols, as their effect on
surface UV irradiance and the measured 360 nm radiance is similar to those of clouds.

Another widely used method for estimation the attenuation of UV radiation by
clouds is the simple method based on the use of the Lambertian Equivalent Reflectivity
(LER) Eck et al. [1995]; Krotkov et al. [2001], where Cloud Modification Factor is
obtained from

CMF =
1 − LER

1 − Rs

. (2.6)

The LER method has been shown to give realistic values of CMF in snow-free con-
ditions. However, the method does not account for spectral or solar zenith angle de-
pendencies of the cloud transmission. Provided that there is information available on
the subpixel distribution of clouds in the form of cloud fraction and the cloud optical
depth of the cloud covered region, one can use the Independent Pixel Approximation
(IPA) [Nack and Green, 1974] for estimation of cloud transmission. In this case the
contribution from the cloud-free region is treated with clear-sky modeling, while the
above described methods are applied to the cloudy part of the pixel.

The OMI surface UV algorithm utilises only a single OMI measurement to de-
termine daily erythemal dose. As the diurnal variation in cloudiness is not taken into
account, the daily doses derived from OMI measurements experience large uncertainty,
but monthly doses may be accurate within 5% [Martin et al., 2000]. Bugliaro et al.
[2006] further investigated the effect of limited sampling of the cloud conditions on the
satellite-derived daily surface UV dose and found that already a single noon overpass
is usually sufficient to derive daily doses with maximum uncertainties of about 25–35
%. These results are however valid only for sites with no systematic diurnal course
cycle of cloudiness. Formation of convective clouds causes increased afternoon cloudi-
ness eg. [Meisner and Arkin, 1987], which may result in underestimated OMI-derived
daily dose at some sites as OMI observes the cloud conditions in the early afternoon.
The occurence of convective clouds depends on latitude and climate being common at
lowlatitudes and midlatitudes in summer. Another potential cause of bias in the OMI-
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derived daily doses is the occurence of the morning fog formed by radiational cooling
during the night that breaks up by afternoon.

Use of more than one observation on cloud conditions may improve the accuracy
of the satellite-derived daily surface UV doses. Verdebout [2000] has used MVIRI data
of the geostationary Meteosat satellites to estimate the attenuation of the UV radiation
by clouds. The advantages of these data are high spatial resolution of the order of 5
km, and temporal resolution of 15 min. However, the spatial coverage of a geostation-
ary satellite instrument is limited and the resolution is not as good at higher latitudes.
Kujanpää et al. [2006] have shown that the accuracy of the satellite-derived daily doses
can be improved by using AVHRR cloud data from several overpasses of the polar or-
biting satellites. For estimation of UV doses of the past, the use of the products of
the International Satellite Cloud Climatology Project (ISCCP) have been considered.
ISCCP data, that extends back to the early 80’s, combine data from both geostationary
and polar satellites. For example Matthijsen et al. [2000] and Ciren and Li [2003] have
used ISCCP-D1 data [Rossow and Schiffer, 1999] with 3 hr temporal resolution for
estimation of the daily erythemal surface UV doses.

2.3.3 Surface Albedo

According to the ground-based [Blumthaler and Ambach, 1988; Feister and Grewe,
1995; McKenzie et al., 1996] and satellite measurements [Herman and Celarier, 1997]
the typical values of the UV range surface albedo for snow-free regions are small (0.01-
0.04 over land and 0.05-0.08 over water). However, for fresh pure snow UV albedos
near unity have been measured [Grenfell et al., 1994; Wuttke et al., 2006]. Vast regions
experience seasonal snow: for example in the Northern Hemisphere nearly half of the
land surface is seasonally covered by snow [Frei and Robinson, 1999]. The age of snow
has been shown to affect its albedo [Schwander et al., 1999]. Aging increases the size
of the snow grains and results in decrease of the surface albedo [Wiscombe and Warren,
1980; Wuttke et al., 2006]. However, the observed decrease in UV range surface albedo
may also be partially caused by absorbing contaminants on the snow surface [Warren
and Wiscombe, 1980; Chýleck et al., 1983].

Snow cover increases the surface UV irradiance by causing an amplification of the
UV radiation due to multiple reflections between the reflecting surface and the atmo-
sphere. The amplification effect is greates around 320 nm and can lead to increases of
the erythemal surface UV irradiance up to 50% compared to a snow-free case [Lenoble,
1998]. Modeling of the amplification effect requires that the albedo of a large region
around the measurement site is taken into account. The regionally averaged albedo is
referred to as effective albedo [Gröbner et al., 2000; Kylling et al., 2000b], and is de-
fined as the albedo value that gives the best agreement between measured and modelled
irradiances when used in a radiative transfer model. 3-D radiative transfer models have
been used to show that the area of significance can extend up to 40 km around the point
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of interest [Degünther et al., 1998; Lenoble, 2000; Ricchiazzi and Gautier, 1998].

In mid-latitudes vegetation, buildings and rocks often extend upward beyond the
snow cover reducing the effective surface albedo of snow covered terrain. The pro-
cesses related to the surface albedo transitions are often intricate. Snow may first accu-
mulate on the forest canopy, but may be later shaken to the ground by wind. Alterna-
tively snow and ice can pile up on the forest canopy and form a crown snow-load that
does not fall off until spring. Melting of snow is normally a gradual transition from
a complete snow cover to snow-free conditions, and it usually involves patchy snow
cover patterns, ie. part of the ground is snow-free, while there is still some melting
snow left in the shades. In such a case the surface albedo obviously depends on both
the solar zenih angle as well as on the viewing angle.

Seasonal snow cover is a large source of uncertainty for satellite estimation of the
surface UV irradiance. Usually a surface albedo climatology is assumed, and obviously
the assumed surface albedo can deviate tens of percents from the actual value. Furthe-
more, because satellite retrieval of cloud properties from UV/VIS backscatter measure-
ments requires apriori knowledge on surface albedo and because the retrieval becomes
very sesitive to the surface albedo errors at high values of surface albedo, faulty as-
sumption on the surface albedo can lead to very large systematic error in the estimated
surface UV irradiance. For example the original TOMS UV algorithm that used the
so-called Minimum Lambertian Equivalent Reflectivity (MLER) surface albedo clima-
tology [Herman and Celarier, 1997] tended to underestimate the surface UV irradiance
at high-latitudes [Kalliskota et al., 2000; Kylling et al., 2000b], because the albedo cli-
matology was constructed by combining 15 years of reflectivity data, and by selecting
the the seasonal minimum values to represent the surface albedo.

2.3.4 Aerosols

Aerosols, especially absorbing aerosols, attenuate surface UV radiation. Aerosols orig-
inate from many different sources and their optical properties show a large range of
values that reflect the origin of the aerosols (see eg. [d’Almeida et al., 1991]). Fur-
thermore, aerosols are being transported and transformed in the atmopshere, and they
eventually leave the atmosphere by dry or wet deposition. The various aerosol types
can be grouped in five major classes according to their origin: urban-industrial aerosols
from combustion of fossil fuels, carbonaceous aerosols from biomass burning, desert
dust aerosols lifted by wind, natural oceanic aerosols, and volcanic aerosols. Optically
smoke, dust and urban aerosols are absorbing aerosols, while oceanic aerosols and sul-
fates are mostly scattering.

The effect of aerosols on surface UV irradiance can be significant [Krotkov et al.,
1998; Kylling et al., 1998; Meleti and Cappellani, 2000; Wenny et al., 2001; Chubarova,
2004; Arola et al., 2007; Badosa et al., 2007]. At some urban sites with heavy aerosol
loadings, aerosols can reduce the amount of UV radiation reaching the surface by tens
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of percents, while for some other sites with minimal local sources of aerosols, the
aerosol effect can be observed as an episodic decrease in surface UV amounts. For
global surface UV distribution important are the smoke aerosols from biomass burning
in South America and Africa, desert dust from Sahara [Herman et al., 1997]. Region-
ally also urban-industrial aerosols cause significant reductions in the surface UV levels.

Attenuation of surface UV irradiance by aerosols depends on the vertical aerosol
distribution and on the aerosol optical properties: aerosol optical depth, τa(λ), single
scattering albedo, ω(λ), and to a lesser extent also on the phase function. If all these
aerosol parameters were be available, it would be straightforward to account for the
effect of aerosols on surface UV irradiance using a radiative transfer model. However,
aerosol parameters in the UV wavelength range are difficult to determine even from
ground-based measurements [Krotkov et al., 2005], and while the measurement tech-
niques have advanced significantly in recent years, full and global aerosol information
is hardly going to be available in the near future either [Mishchenko et al., 2007]. The
ground-based measurements of τa(λ) and ω(λ) are routinely carried out at visible and
UV-A wavelengths (e.g. Aerosol Robotic Network [Holben et al., 2001]) and these
data are essential for validation of any global aerosol climatology. However, the mea-
surements corresponding to UV-A and VIS wavelengths need to be converted to the
UV-B region in prior of using them for estimation of the aerosol effect on surface UV
radiation, and this conversion may not be trivial [Arola and Koskela, 2004].

The OMI surface UV algorithm treats the scattering aerosols similar to clouds, and
this has been estimated to cause only a small error in the derived surface UV [Krotkov
et al., 2002b]. Thus, the primary challenge is, how to account for absorbing aerosols.
One option considered for the OMI surface UV algorithm is the use the Aerosol Index
(AI) [Torres et al., 1998] derived from the OMI measurements to account for absorbing
aerosols. AI is a qualitative indicator of absorbing aerosols that is insensitive to clouds.
However, AI is sensitive to the height of the aerosol layer, and the pollution aerosols
in the boundary layer are not seen by OMI. Therefore, this correction was considered
insufficient, and it is not currently active in the OMI surface UV algorithm.

The aerosol correction option that is currently being investigated is based on the
method proposed by Krotkov et al. [2005], where the correction for absorbing aerosols,
ACF is obtained from

ACF =
1

1 + b(θ)τabs(λ)
, (2.7)

where τabs(λ) is the aerosol absorption optical depth, and b(θ) is a parameter that de-
pends on solar zenith angle and varies for UV-B radiation between 2 and 5 [Arola et al.,
2005]. The feasibility of the various sources of aerosol data for aerosol correction are
currently being assessed.
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2.3.5 Absorbing Tropospheric Gases

In addition to the atmospheric ozone, other absorbing tropospheric gases (mainly NO2

and SO2) can affect the surface UV irradiance. Their attenuating effect is stronger in the
troposphere than in the stratosphere. The absorption cross section of NO2 increases as
a function of wavelenth at UV wavelengths, and thus, NO2 attenuates more effectively
the UVA than the UVB radiation. SO2 absorption in turn is most effective at shorter
wavelengths below 325 nm and increases as the wavelength decreases.

The main sources of tropospheric NO2 are vehicular traffic, energy production by
combustion of fossil fuels, and occasionally also forest fires. Due to the short lifetime
of NO2 and SO2 in troposphere their effect on surface UV radiation is local. According
to satellite measurements the basic level of troposperic vertical column of NO2 is in
industrial regions of the order of 0.2 DU, and can temporarily exceed 2 DU [Richter
et al., 2005]. Chubarova [2006] estimated the sensitivity of the surface UV radiation to
absorbing gases in Moscow and found that every DU of NO2 decreases the surface UV
irradiance by 0.8% and 1.8% in summer and winter, respectively. The increase of the
sensitivity of the surface UV radiation to tropospheric NO2 is caused by the softening
of the UV spectrum in winter. Thus, the attenuating effect of NO2 can locally be
significant, and for example Chubarova [2004] estimated that NO2 accounted for more
than 10% of the decrease in erythemal UV radiation during the forest fires near Moscow
in 2002.

According to Chubarova [2004] 1 DU of tropospheric SO2 causes a decrease in
the erythemal surface UV irradiance of the order of 1%. The background level of SO2

is less than 0.1 DU, and thus, normally SO2 has hardly any effect on the surface UV
radiation. However, large column amounts, of the order of tens or even hundred DU,
have been observed due to volcanic activity [Krotkov et al., 2006]. Thus, SO2 can
locally have a significant effect on the surface UV radiation. SO2 can also originate
from an antropogenic source, but they are small compared to the volcanic ones Carn
et al. [2007].

2.3.6 Receptor Orientation

Ultraviolet radiation is usually measured on a flat, horizontal surface. While this ap-
proach has sound physical merit, the horizontal dose may not be representative for the
exposure of the subject being studied. For example doses on vertical and tilted sur-
faces [Mech and Köpke, 2004] are often required to study the effect of UV radiation on
building materials. Similar considerations are relevant for ocular exposures [Rosenthal
et al., 1991; Sliney, 1995]. Additionally, actinic flux (also referred to as scalar flux or
spherical irradiance) is required for estimation photochemical reaction rates. All these
quantities can be estimated using a radiative transfer model and information on solar
zenith angle, total column ozone, clouds, surface albedo, and aerosols.
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2.3.7 Underwater UV Radiation

In order to study the effects of ultraviolet radiation in aquatic environments there is a
need to estimate the penetration of the UV radiation into the water column. The most
accurate approach is to use a coupled atmosphere/water radiative transfer model [Jin
and Stamnes, 1994]. The model has to take into account the change in the index of re-
fraction across the interface between the two media. Additionally, for ocean waters the
surface roughness need to be considered because the transmission of radiation to the
ocean increases as wind speed increases [Jin et al., 2006]. The main water quality pa-
rameters to be considered are dissolved organic carbon and chlorophyll a [Morris et al.,
1995; Laurion et al., 1997; Kuhn et al., 1999]. Penetration of UV radiation into natural
waters is often described with diffuse attenuation coefficient, Kd, that can be derived
with underwater UV measurements [Belzile et al., 2002]. Kd depends on wavelength
and is related to a simple model of exponential attenuation of UV radiation, which is in
many cases a valid approximation. Satellite measurements have the potential of provid-
ing estimates of the underwater UV radiation for vast marine regions whose monitoring
with in situ measurements is not feasible. For example, Vasilkov et al. [2005] developed
a model for assessment of UV penetration into natural waters using TOMS and OMI
total column ozone, and SeaWiFS chlorophyll data. They calculated Kd and found it to
agree with experimental results.
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3 RESULTS

This chapter summarizes the main results of the publications. It is divided in sections
that address the four objectives of the thesis:

1. to implement the TOMS UV algorithm originally developed at NASA/GSFC for
estimation of the surface UV irradiance from the measurements of the OMI in-
strument

2. to improve the surface UV algorithm to perform better in the snow cover case

3. to validate the OMI-derived daily surface UV doses against ground-based mea-
surements

4. to demonstrate that the satellite-derived surface UV data can be used to assess
the effects of the UV radiation.

3.1 SATELLITE-DERIVED SURFACE UV RADIATION FROM OMI

The author of the thesis joined the OMI Science Team in January 2003 to lead the task
of implementation of the TOMS UV algorithm for processing of the OMI measurement
data. The task included verification and further development of the surface UV algo-
rithm. The author also served as the acting Finnish co-PI of OMI during the maternity
leave of the Finnish co-PI Dr. Johanna Tamminen in 2006. The OMI surface UV algo-
rithm is described in Paper I, which also includes the first few examples of the surface
UV estimates produced from the actual OMI measurements data. Paper I shows that
the surface UV algorithm originally developed for the TOMS instrument has been suc-
cesfully implemented for processing of the OMI measurement data. The achievement
was recognized by the WMO 2006 Ozone Assessment [WMO, 2007] and the UNEP
2006 assessment of the environmental effects of ozone depletion [UNEP, 2007], which
both have included a figure example of the OMI surface UV product. The OMI surface
UV data can be mapped using the on-line plotting tool that is available within the PRO-
MOTE GMES Service Element. Figure 3.1 shows the webform based user interface
that provides an easy way to explore the OMI surface UV data. The user can define the
region and time period of interest and the plotted maps can be downloaded for further
use.

The Level 2 OMI surface UV data are available for research purposes and a readme
file has been made available that describes the data product as well as how the data can
be downloaded. The basic Level 2 data are orbital files that contain the sun-lit portion
of a single Aura orbit or some 1650 measurements. Each measurement consists data
for 60 pixels. Thus, the number of the measured spectra per orbit is of the order of 105.
These data can be downloaded from a FTP site in form of monthly, compressed TAR
files. A full month of Level 2 OMUVB data occupies disk space of some 2 gigabytes.
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Figure 3.1. The webform based user interface of the OMI surface UV plotting tool.

Additionally, Aura Validation Data Center (AVDC) produces for validation purposes
Level 2 OMUVB overpass data for over hundred overpass sites. The overpass data
are produced by filtering the original, orbital Level 2 data. These data are available in
simple columnwise ASCII format from the AVDC web site.

The author was also involved in development of the processing software for the
OMI Very-Fast-Delivery (VFD) Service. The VFD service is based on the Direct
Broadcast (DB) receiving of the OMI data by Sodankylä Satellite Data Centre in Fin-
land during the overpass of the EOS Aura satellite. The data received with DB is
processed on site to produce maps of total column ozone, clear-sky UV index, and ery-
themal daily dose. Currently the maps are available on FMI’s website some 15 minutes
after the Aura overpass. The details of the VFD system are descibed in Paper II. The
current persons in charge of the maintenance and development of the VFD system are
Seppo Hassinen and Timo Pirttijärvi.



24

3.2 IMPROVED SURFACE ALBEDO CLIMATOLOGY

The satellite-derived UV estimates are validated by comparing them to ground-based
data and according to several validation studies the original TOMS UV algorithm tends
to underestimate UV radiation at high latitudes during snow cover [Kalliskota et al.,
2000; Kylling et al., 2000a; Krotkov et al., 2002a; Fioletov et al., 2004]. This feature of
the original TOMS UV algorithm was considered as the primary issue to be solved be-
cause satellite estimates of surface UV radiation are needed to study the increases of UV
exposures in polar regions affected by ozone depletion [Weatherhead et al., 2005]. The
UV/VIS spectrometers are not able to distinguish between clouds and snow or ice, and
thus climatological data are used for surface albedo. The original TOMS UV algorithm
uses an albedo climatology that was constucted from the Nimbus-7/TOMS Lambertian
equivalent reflectivity data by combining 15 years of reflectivity data and by assuming
that the minimun LER corresponds to the surface albedo [Herman and Celarier, 1997].
This approach leads to systematic underestimation of the surface albedo of seasonally
snow covered lands. Underestimation of surface albedo causes the surface UV algo-
rithm to interprete the observed high radiance as thick clouds, and the algorithm gives
a small CMF, while the site may in reality be cloud free.

Paper III describes a new method that was developed for estimation of the sur-
face albedo. This method is based on parametrization between the effective surface
albedo and snow depth information (Snow Water Equivalent). The method was shown
to improve the satellite-derived surface UV irradiance estimates at two Finnish and five
Canadian sites. However, the method is of limited use as the model parameters are site-
specific and good quality snow depth information is not available globally. Anyhow,
the results showed that the satellite-derived surface UV irradiance can be improved with
more accurate surface albedo data.

The author of the thesis developed an alternative, moving time-window method
for construction of the surface albedo data [Tanskanen et al., 2003]. The moving time-
window method aims at realistic estimation of the surface albedo including transition
periods. The basic idea of the moving time-window technique is to use the LER data
within a time-window around the day of interest to form a cumulative LER distribution
and to determine the surface albedo by fitting a line to the lower tail of the distibution.
Additionally, the width and position of the time-window can be optimized to better
take into account the transitions in surface albedo. Figure 3.2 shows a typical LER time
series for a site affected by seasonal snow cover, and how the moving time-window
method makes an optimal selection of the time-window used for estimation of the sur-
face albedo. The best estimate of the summertime (period 2) surface albedo is obtained
using a wide time-window. When snow is melting (period 1) it is better to discard
the future LER data, while during buildup of snow (period 3) the past LER data need
to be discarded. The moving time-window technique was applied to the gridded 1 by
1 degree Nimbus-7/TOMS LER time series and the resulting gridded surface albedo
time series were subsequently used to construct a global 1 by 1 degree gridded surface
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Figure 3.2. The way the time-window method makes an optimal selection of the time-window
used for estimation of the surface albedo.

albedo climatology [Tanskanen, 2004] that is currently used by the OMI surface UV
algorithm. The new surface albedo climatology is a significant improvement over the
previous one, but as the snow cycle varies from year to year the climatological surface
albedo values can be wrong during transitions.

Paper IV presents a further analysis of the surface albedo data generated using
the moving time-window method. The objective of the study was to determine the
characteristic effective surface UV albedo of various land cover types when covered
by snow. The analysis was carried out by first using the land cover data to find large
sample regions with as homogeneous land cover type as possible and no significant
topography. Next the surface albedo data of March for the selected sample regions
were classified according to their dominant land cover type, and the resulting albedo
distributions were analysed.

The results show that the vegetation that extends upward beyond the snow cover
has a significant effect on the effective surface albedo by masking the bright snow cov-
ered surface. For example for regions whose land cover is dominantly forest according
to land cover classification product the surface albedo when covered by snow is much
smaller than that of pure snow. The masking effect is smaller for grasses and the sur-
face albedo of regions with only low vegetation is nearly equal to that of pure snow.
The obtained characteristic values of the saturation level of the surface UV albedo for
various land cover types can be used to improve the performance of satellite retrieval
algorithms as well as atmospheric models that involve photochemistry.
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3.3 VALIDATION OF THE DAILY DOSES DERIVED FROM OMI

Paper V presents the results of an extensive validation study, where the erythemal daily
doses derived from OMI data were compared with the daily doses calculated from the
ground-based spectral UV measurements from 18 reference instruments. The 17 ref-
erence sites represent different climatic conditions and are distributed over a large part
of the globe. All the reference instruments are well maintained, calibrated regularly,
and their data are corrected for major error sources. Thus, the erythemal doses in-
ferred from the ground-based measurement data are considered to be accurate within
at least ±10%. Two alternative methods for the OMI surface UV algorithm cloud cor-
rection were compared: the plane-parallel cloud model method and the method based
on Lambertian equivalent reflectivity. The main objectives of the study were to confirm
the applicability of the OMI measurements for surface UV monitoring and to establish
whether the sophisticated plane-parallel-cloud (PPC) model based method for cloud
correction [Krotkov et al., 2001] is superior to the simple generalized form of the Lam-
bertian Equivalent Reflectivity (LER) based cloud correction method [Eck et al., 1995;
Krotkov et al., 2001]. Additionally, one of the objectives was to test the new surface
albedo climatology [Tanskanen, 2004].

The agreement of the satellite-derived data with the ground-based reference data
was assessed by studying the ratio ρ calculated as

ρ =
EDDs

EDDg

. (3.1)

Because most of the ρ distributions do not resemble a normal distribution, statistical
methods applicable to normal distributions were abandoned. Instead the distributions
of ρ were analysed by calculating the median ρ, that is less affected by rare abnormal
values of ρ. Additionally, the percentage of the satellite-derived data that agreed within
±10, ±20, and ±30% with the reference data were determined, denoted as W10, W20,
and W30.

The two different cloud correction methods showed some systematic features. The
PPC model tended to give somewhat higher values of the erythemal daily dose, and for
many validation sites the PPC doses differed more from the reference data than the
doses obtained with the LER method. This result is in accordance with previous find-
ings Krotkov et al. [2001]; Williams et al. [2003]. However, it should be kept in mind
that because the current surface UV algorithm does not account for tropospheric extinc-
tion, a positive bias is anticipated for sites affected by absorbing aerosols or trace gases.
Both cloud correction methods were affected by errors in assumed surface albedo, but
the PPC model performed somewhat better in these cases.

In Figure 3.3 are shown the two key validation statistics, median ρ and W20, for all
the validation cases. Each point corresponds to a particular validation case of specific
validation site, surface albedo condition, and cloud correction method. The results
corresponding to the PPC and LER cloud correction methods show slightly different
features, but one method is not categorically superior to the other.
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Three basic subgroups of validation cases can be identified in Figure 3.3: satisfac-
tory cases, cases with negative bias because of underestimated surface albedo, and cases
with positive bias due to tropospheric extinction. Additionally, there are some special
cases (Mauna Loa, Summit, Eureka summertime). It should be noted that the valida-
tion cases are not globally representative: high-latitude sites are well represented, but
only a few low-latitude or urban sites were included in the study. Nevertheless, the plot
gives a rough idea of the expected quality of the OMI-derived daily erythemal doses for
a specific site. For flat, snow free regions with modest loadings of absorbing aerosols
or trace gases the OMI-derived daily erythemal doses are 0 to 10% overestimated and
some 60 to 80% of the doses are within ±20% as compared to the ground reference.
For sites significantly affected by absorbing aerosols or trace gases one would expects
bigger positive bias up to 50%. The high-latitude sites with high surface albedo due
to snow cover are particularly challenging for the surface UV algorithm, and for some
polar sites the satellite-derived doses are up to 50% too small because of unrealisti-
cally small climatological surface albedo that leads to misinterpretation of the observed
bright scene as clouds. The validation results imply that there is a need to develop
and implement a correction to account for absorbing aerosols and trace gases, and to
improve the quality of the assumed surface albedo.

Figure 3.3. Summary of the results of validation of the OMI-derived surface UV daily doses
against ground-based reference measurement data.



28

3.4 APPLICATIONS OF THE SATELLITE-DERIVED UV DATA

The last two papers included in the thesis present two specific studies that utilize satel-
lite estimated surface UV data. In Paper VI paper satellite estimates of the spectral
surface UV irradiance are used to assess the decomposition rates of various polybromi-
nated diphenyl ethers (PBDE) that are commonly used as flame retardants in consumer
products. The problem with these compounds is that in the lack of sufficient exposure
to UV light they are persistent organic pollutants that accumulate in biota with harmful
effects. The study consisted of an experimental determination of the quantum yields
for direct photolysis of three common PBDEs, and an estimation of the photolytic half-
lives of the PBDEs in the mixing layer of the North Atlantic Ocean at different latitudes
and seasons.

The determination of the quantum yields required information on the spectral ex-
posure of the PBDE sample vials, which was obtained using a radiative transfer model.
The spectral UV dose was determined by integrating the calculated spectral irradiances
over the exposure period. The total column ozone required for modeling was obtained
from the OMI measurements. The attenuation of the UV radiation by clouds was deter-
mined using pyranometer data. A plane-parallel cloud model was used, and the cloud
optical depth corresponding to the pyranometer measurement was detemined iteratively
by forcing the the calculated global radiation to match the measured one. These cal-
culations provided the surface UV radiance entering the exposure pool, and further
modeling was used to detemine the absorbed doses.

Radiative transfel modeling approach was also used for estimation of the pho-
tolytic half-lives of the three PBDEs in the North Atlantic Ocean. The seasonal mean
spectral solar irradiances at the ocean surface were determined for four different lati-
tudes. This time climatological, zonal total column ozone data and Lambertian equiva-
lent reflectivity (LER) data based on the Earth Probe TOMS measurements were used.
The cloud attenuation was calculated using the LER method (2.6). Again the radia-
tive transfer of photons was divided in two parts. The above described procedure was
used to calculate the above surface spectral radiance, and the transport of photons in
the aquatic environment was solved using a separate model. The results of Paper VI
show that, while the photolytic decomposition of PBDEs is efficient at low latitudes
and in optically clear ocean waters, the half-lives of PBDEs can be substantially longer
at higher latitudes in winter and also in coastal waters affected by terrestrial load of
colored dissolved organic matter and particles.

Another application of the surface UV data is the research of the effects of UV ra-
diation on materials. Paper VII presents the development of a new method for planning
of the outdoor UV exposure tests taking into account the seasonal variation in surface
UV. The method improves the reproducibility of the UV exposure tests and comparabil-
ity of the accelerated indoor and the outdoor weathering tests. The method was applied
to plan the exposure timetable of the polymeric material specimens at seven European
test sites of the UVEMA project (http://uvema.fmi.fi) using climatological surface UV
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data that were derived from the Earth Probe TOMS measurements. The erythemal daily
dose data were used in planning of the timetables, because the actual actions spectra
of the materials being tested were not available, and because no single timetable would
be optimal for all of the different materials being tested. However, spectral UV mea-
surements are carried out at each test cite and thus, the true spectral exposure of the
specimens can be determined [Heikkilä et al., 2007].
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4 CONCLUSIONS

This thesis consists of seven publications that address the four objectives set for the
thesis.

The first objective was to implement the TOMS surface UV algorithm for estima-
tion of the surface UV radiation from the OMI measurements. Paper I describes how
the objective was accomplished and shows the first few example figures of the OMI-
derived surface UV data. Paper II describes the OMI Very-Fast-Delivery processing
system and shows that the OMI surface UV algorithm has also been implemented in
the VFD system.

The second objective was to improve the surface UV algorithm to perform better
in the snow cover case. Paper III and Paper IV address this objective. Two new meth-
ods were developed for better estimation of the surface albedo. Paper III presents a
method based on use of the snow depth data to estimate the effective surface albedo.
This method can improve the surface albedo estimation of sites for which snow depth
data are available. The other method developed by the author of the thesis is based on
the use of the moving time-window technique to estimate surface albedo [Tanskanen
et al., 2003] A surface albedo climatology constructed using this techniques [Tanska-
nen, 2004] is currently used in estimation of surface UV radiation from OMI. The
validation results of Paper V show that the method works fine at some sites experienc-
ing seasonal snow. However, the validation results for Antarctic reference sites imply
that there is still need for further improvements in surface albedo data. Paper IV shows
that the saturation level of the effective surface albedo depends strongly on the land
cover type. This obvious, but still important finding should be taken into account in
development of improved methods to estimate surface albedo globally.

The third objective was to validate the OMI-derived daily surface UV doses against
ground-based measurements. Paper V presents the results of a validation study where
the OMI-derived erythemal daily doses were compared with daily doses calculated
from the measurements of 18 spectral reference instruments at 17 sites. The reference
sites represent different climatic conditions and are distributed over a large part of the
globe. All the reference instruments are well maintained, calibrated regularly, and their
data are corrected for major error sources. The main objectives of the study were to
confirm the applicability of the OMI data for surface UV monitoring, to compare dif-
ferent cloud correction methods and to test the new surface albedo climatology. The
comparison results were analysed separately for the snow-free and snow-cover period
in order to be able to better quantify the known major sources of uncertainty: clouds,
albedo, and absorbing aerosols. The validation data were analyzed by determining the
median bias of the OMI-derived daily doses as well as the percentages of the OMI-
derived daily doses within three different error margins. In addition to reporting the
validation results, Paper V includes a case by case analysis of the likely causes of the
observed bias in the satellite-derived daily doses. The validation results show that the
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OMI measurements are suitable for continuation of the global satellite-derived surface
UV time series using a surface UV algorithm similar to the original TOMS UV algo-
rithm. The comparison of the two alternative cloud correction methods did not show
that one method would be clearly superior to the other. However, only plane-parallel
cloud model makes an attempt to account for the spectral dependence of the cloud
attenuation. Validation results imply that there are two major issues to be solved be-
fore the OMI surface UV algorithm can be considered reliable globally: a correction
is needed to account for absorbing aerosols and trace gases, and the quality of the as-
sumed surface albedo needs to be improved. The validation tools developed, and the
ground-based data gathered for this study lay a solid basis for further development of
the OMI surface UV algorithm.

The fourth objective was to demonstrate the use of satellite-derived surface UV
radiation data to assess the effects of UV radiation. This objective is addressed in
Paper VI and Paper VII that present two specific applications of the satellite-derived
surface UV data. In Paper VI satellite estimated UV radiation spectra are used to assess
the decomposition rates of three polybrominated diphenyl ethers (PBDE). The results
show that while the photolytic decomposition of PBDEs is fast at optically clear ocean
waters and low latitudes, the half-lives of PBDEs are substantially longer at higher
latitudes and in coastal waters. Paper VII presents a method developed for planning
of the outdoor weathering test timetable using climatological surface UV data derived
from the measurements of the Earth Probe TOMS instrument. The method was applied
to planning of the outdoor weathering tests of the UVEMA project.

Although modeling of the surface UV radiation using satellite measurements can
be considered a well-established technique, the remaining relatively large uncertainty
in the satellite-derived UV data limits the usability of these data. For example the use
of the satellite-derived surface UV data for assessment of the global longterm trends in
the amount of UV radiation reaching the Earth’s surface is questionable, because there
are no realiable global longterm satellite-derived records of the atmospheric aerosols.
However, these data can be used for many other purposes. For example they can be
applied for variuos process studies that involve photochemistry driven by UV radiation
or for assessment of the effects of UV radiation on human health, materials or nature.
There is still room for further development in modeling of the radiative transfer of UV
radiation, but the biggest obstacle for wider use of satellite-derived surface UV data
appears to be the data access. Satellite-derived surface UV data are usually provided in
form of daily maps of the erythemal surface UV distributions, while the potential users
of the UV data are mostly interested in data for some limited number of locations and
would often prefer to apply their own action spectra. Thus, there is a need for an open
tool that provides time-series of satellite-derived spectral UV data for any user given
location, altitude (or underwater), time period, and receptor type.
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