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1 Introduction

This project was funded by Miljomalsradet througle Swedish Radiation Protection
Authority (SSI) in order to calculate hourly valuesCIE-weighted UV-radiation and
global radiation for 1980-2000 over northwest E@opo have access to long series of
data covering large areas are essential to betalilack changes in the environment
and to evaluate eventual effects. In this casentbst obvious connection to existing
environmental goals is to “Reduced climate impat&’,safe radiation environment”
and “A protective ozone layer”. In these casesa dan be used to calculate the carbon
uptake and emission, direct data on long-term Wids and to enable an extended
analysis between changes in the UV and the incelehskin cancer. But, the produced
data set can also be used for other purposes adigstsuch as algae blooming.

An already existing model system, STRANG, does ter¢laese kinds of information
together with more radiation parameters. The dgratmt of STRANG (Landelius et
al.,, 2001), was funded by the Swedish Environmergerky, the Swedish
Meteorological and Hydrological Institute and thevedlish Radiation Protection
Authority (1998-2001). The hourly information aned available for non-commercial
use atwww.smhi.se/strangat this website data can be retrieved both ae 8eries,

charts and fields from 1999 up to today.

The STRANG-model system is based on informationmfran operational 2-

dimensional mesoscale analysis system at SMHed#die MESAN-model (Haggmark
et al., 2000). This model combines information frground based observations,
satellites, radar and from numerical weather pteiqg NWP) models. The outputs are
different meteorological parameters on an 11x11(&arlier 22x22 km) resolution for

every hour. The MESAN data is only available fro80& to today. So, to calculate
CIE-weighted UV-radiation and global radiation fible period 1980-2000 has to be
done in another way. This report describes thequoe to calculate this data, which
input data that has been used and also validatidre@mutputs.

The results of this project are available and cae downloaded from
www.smbhi.se/strang/omna




2 Background

To be able to detect trends in the atmosphere, aosgns between past and present
climate is a hot topic today. In this kind of sesliit is of great importance to use
homogeneous data. But, this is not as trivial asigiht be assumed, it is instead a very
difficult task, especially if the homogenous daltelscover a large geographical area
with high spatial and temporal resolution.

The constant development of measurement technigeieste sensing and atmospheric
modelling are the main reasons why it is so diffi¢a retrieve homogenous data for
long time periods. This problem exists for all ksnof atmospheric variables, not only
for radiation parameters that this project is f@clien.

To try to solve this problem, several meteorolobinatitutes are working in different
kinds of re-analysis projects. The main objectiviee-analyses are to create reasonably
homogeneous data that covers many years in timeogeda large spatial area, the
whole globe or for example Europe, with one andstime model for the whole period.

A comprehensive re-analysis data set originates tiee European Centre for Medium-
Range Weather Forecasts (ECMWF) and is called BRw-#) data set (Uppala et al.,
2005). The ERA-40 data set cover the period Septertb57 to August 2002 and
covers the whole globe with a spatial resolutioralbbut 125 km. The data set is also
represented in 60 vertical levels above the grouihé. data set includes both analyses
and forecasts. All ERA-40 analyses are made everfio6r and includes data
assimilation, which means that for example obsewmat and satellite data are all
weighted together to achieve the best possibleysisabf the atmosphere.

Today, several other European projects are justdir starting blocks to model a more
high resolution re-analysis over Europe, but nalfiresults are available.

Another way to achieve high resolution gridded datamany years is to downscale
global re-analyses such as the ERA-40 data senh @&h&-dimensional model is used
over a limited geographical area with boundariesifthe global re-analysis, i.e. the re-
analysis is forced in to the downscaling model digito the boundaries. In that way a
much higher, both spatial and temporal, resolutan be achieved. The drawback is
instead that most of this kind of models does noluide any data assimilation, the only
information about the atmosphere is forced in ®orttodel through the boundaries.

Concerning radiation parameters, cloudiness playisng@ortant role to the analyses. In
3-dimensional NWP models and re-analysis modelsethse today no developed
technique to assimilate the cloudiness from stgedlata in to the model. But of course
there are projects working with these problemsyoda

There is on the other hand a 2-dimensional teclenideveloped to assimilate the
cloudiness from satellites, such a model has beealdped and well used at SMHI, the
model is called MESAN and is used operational\s&tHI since 1998 (Haggmark et
al., 2000). The model produces 2-dimensional fiedgdsr northwest Europe with a
spatial resolution of 11x11 km (earlier 22x22 kroy £ach hour for the parameters,
temperature, maximum- and minimum-temperature, wigdst, visibility, relative

humidity, pressure, precipitation, fresh snow, ltotaud amount, amount of low clouds,
cloud base and cloud top and so on. The analysesra@ated from a first guess field, a



NWP forecast, which is getting modified by reguland irregular distributed
information from satellites, radar and ground basbservations. Since the model has
gone through several development projects duriegythars, the MESAN data are not
homogenous in time. This is also caused by devetopsnin the NWP model that is
used as first guess field in MESAN. Also the sétekhnd radar data used in the model
have gone through improvements. The same is algbfea ground based observations,
here several manual stations have been replacelfoynatic stations, some stations
have stopped, and new stations have started, Smdohomogenous data is very
difficult.

3 Data sources

To be able to model radiation for the period 138@Q00 we need to find relevant input
data for this period. One demand is homogeneiab{lty over time and space), another
one is good spatial and temporal resolution. Alseded is that the geographical extent
includes northwest Europe.

This chapter describes the model data that has Ised in this project. Also
descriptions of all observations that have beerd e made in this chapter. The
observations have been used both for developmeniheoimodel technique and for
validation.

3.1 ERA-40

ERA-40 is a comprehensive set of global re-analyisen September 1957 to August
2002 (Uppala et al., 2005). The re-analyses hawn lpeerformed by the European
Centre for Medium-Range Weather Forecasts (ECMWHMeading, United Kingdom
(www.ecmwf.in). The re-analyses are archived in ECMWF’'s Meteagialal Archive
and Retrieval System (MARS) (Kallberg et al., 2004)ere registered users from the
member states can select and retrieve global ngsasa The atmospheric model used
for ERA-40 has 60 levels in the vertical, T159 spdad-harmonic representation for
basic dynamical fields and a reduced Gaussianvgtidapproximately 125 km spacing
for surface and other grid points fields. ERA-46ludes four analyses per day (00, 06,
12 and 18 UTC). The forecasts are based on the®Q2 UTC analyses and are stored
in 3 hour intervals from 00 to 72 hours and in @hiatervals from 72 to 240 hours.

Observations used in ERA-40 include both obsermatioom the operational ECMWF
archives and data supplied to ECMWF by externditutons for use in the re-analysis.
The input data to the ERA-40 re-analyses originatas the following sources.

1) SYNOP/SHIP, land and ship synoptic observations
2) Radiosondes

3) Pilot balloons

4) Aircraft

5) Buoys

6) Satellite radiances

7) Satellite winds

8) Scatterometer

9) PAOBs (Pseudo Surface Pressure Observations)



The total ozone data in ERA-40 originates from sheellite based instruments, TOMS
(Total Ozone Mapping Spectrometer) where the tothlmn ozone is available and
from the SBUV (Solar Backscatter UltraViolet) whdeger ozone is available from
1979 to 1988 and from 1991 to 2000. However, dusegeral periods, notably during
1995 and 1996, TOMS data have not been used iBR#e40 model.

3.2 The Rossby Centre regional atmospheric climate model

The Rossby Centre regional atmospheric climate mMdREA, is a 3-dimensional
downscaling model developed and used at SMHI. Todeiis based on the operational
regional NWP model HIRLAM (Undén et al., 2002) lvith process formulations and
parameterizations adjusted to suit long-term clamgitulations (Rummukainen et al.,
1998). In this project the new version of the Rgss&tentre regional atmospheric
climate model (RCA3) has been used (Kjallstrom let 2005). The RCA3 model is
mainly used for simulate climate scenarios forftitare and was also used as basis for
the “Climate and Vulnerability investigation” thavas ordered by the Swedish
government. The aim of the investigation was tccalier future problems for the
community regarding climate changes. For those Isitioms the spatial resolution was
50x50 km and the temporal resolution 30 minuteghis study, the Rossby Centre at
SMHI has instead providethe project with RCA3 hourly analyses on a 22x22 deid

on the area shown in Figure 3.1, black rectanglRA-40 data has been used at the
lateral boundaries. To avoid strange features tiealateral boundaries the model area
is bigger then needed. The area of interest in ghigect has been cut out from the
model domain (see Figure 3.1, red rectangle). Heel inodel domain in this project is
the same as in the STRANG-system.
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Figure 3.1: The black rectangle corresponds to thedel domain in RCA3 that has
been used in this project and the red rectangle besn cut out and used as model
domain in the creation of CIE-weighted UV-radiatiand global radiation.



3.3 Observations

3.3.1 Ozone

Available ozone measurements in the model domarher stations listed in Table 3.1,
also available years during the period 1980-20@0iated. Since the ozone variation is
relatively slow, observations are only given onacag.

Table 3.1: List of stations with total ozone measuents used in this project.

Station, country Latitude | Longitude | Available years

Bergen, Norway 60.38° N  5.33°E 1980-2000 (mgp4i994-1996
Potsdam, Germany 52.36° N 13.07° E 1980-2000

Belsk, Poland 52.00° N 21.00° E 1980-2000

Hradec Kralové, C. R.50.15° N| 15.14°E 1980-2000

Norrkoping, Sweden| 58.58°N 16.15°H 1983-2000

3.3.2 UV-radiation

All UV in this report refers to CIE-weighted UV-riadion, which is obtained by
weighting spectral UV-radiation by the action spewt for erythema (McKinley and
Diffey, 1987). The used hourly UV-radiation measueats are listed in Table 3.2.

Table 3.2: List of stations with hourly UV-radiationeasurements used in this project.

Station, country Latitude | Longitude | Available years
Landvik, Norway 58.34°N  8.60° E 1996-2000
Blindern, Norway 59.64°N 10.72°E 1995-2000
Kise, Norway 60.77°N 10.81°E 1997-2000
Trondheim, Norway| 63.42°N 10.41°E 1999-2000
Tromsd, Norway 69.68°N 18.97°E 1996-1999
@sterds, Norway 59.95° N 10.60° H 1999-2000
Norrkdping, Sweden 58.58° N| 16.15° E 1993-2000

UV-measurements often includes an offset, which meethat during night time the
logger also register UV-radiation, which is wrordpout 0.01 mWh/m2. Later on, all
observations are corrected for this offset befbey tare used. This had not been done at
the observations from Norway, therefore it has béene in this project before they
were further used. Also, from the Swedish statibmsinoted if an observation is
measured or interpolated, in case of for exampikrtieal problems. To minimize the

uncertainty for the future usage of the observationterpolated observations are not
used.

3.3.3 Global radiation

The global radiation measurements that have beed ogginate from the 12 Swedish
radiation stations listed in Table 3.3. As for Bwedish UV-measurements, if a short
time period is missing, because of for examplehyiaal problems, the observed values
are interpolated, and notified in the observaticmh&e, such interpolated observations
have not been used in this project, only measuedgeg have been used to minimize
the uncertainty in the future validation.



Table 3.3: List of stations used in this projecthwglobal radiation measurements
together with the available years.

Station Latitude | Longitude | Available years
Kiruna 67.83° N| 20.43° E | 1983-2000
Gunnarn 64.96°N 17.70°E 1983-1986
Luled 65.55° N| 22.13°E 1983-2000
Umea 63.82° N 20.25°E 1983-2000
Ostersund | 60.48°N 14.50° E 1983-2000
Borlange 63.20°N 1543°E 1987-2000
Karlstad 59.37° N 13.47°E 1983-2000
Stockholm | 59.35° N 18.07°E 1983-2000
Norrkoping| 58.58° N| 16.15° E 1983-2000
Goteborg | 57.70°N 12.00° E 1983-2000
Visby 57.67°N| 18.35°E 1983-2000
Vaxjo 56.93° N| 14.73°E 1983-2000
Lund 55.72° N| 13.22°E 1983-2000
4 Calculation of CIE-weighted UV-radiation

The approach to calculate CIE-weighted UV-radiatiater on referred to only UV) has
been done in two steps: step number one, to cééctia UV for a clear sky, and step
number two to reduce the clear sky radiation withl@ud modification model. The
second step can be done in several ways. Maingettvays have been considered and
tested in this project. All calculations, both fdear and cloudiness sky have been done
on the area shown in Figure 3.1, red rectangleh Bot estimation of the cloud
modification model and in the validation for housglues only observations when the
sun height is above or equal to 25° have been usdtiis way problems of existing
small errors in both quantities as well as problémsodel UV at low solar altitudes
which strongly might influence the cloud modifieatimodel, is reduced.

In the validation for UV and also for global radwet in Chapter 5 the error of an
individual value is:

E=UV, -UV, ()
The subscriptsn and o refers to the modelled and observed UV or globdiation.
Having a set oN hourly, daily, monthly or yearly-values different error quantities can

be calculated. In this project three error quaggitiave been used, namely:
The mean bias deviation (MBD);

MBD=(Z::£ /Nj

2)(



the mean absolute deviation (MAD);

MADz[iZ::|£|/Nj 3)(

and the root mean square deviation (RMSD);
N
RMSD= (Zgz/Nj (4)
i=1

Note that the deviation is used instead of erraabse the observations are not a perfect
reference.

4.1 Clear sky model

All input data used in the clear sky model areiegrd on a 22x22 km spatial resolution
for the area shown in Figure 3.1, red rectanglé.irdut fields are also stored in the
same coordinate system, in this case a rotatemidatilongitude coordinate system,
often used in atmospheric models for Europe. Is tlaise with the South Pole at 10° E
and 30° S. Each input field includes 102 grid pointwest-east direction and 116 grid
points in south-north direction, totally 11832 nwenif grid points. Of course, also the
results from the clear sky model have the same rgpbgal extent, spatial resolution
and coordinate system as the input fields.

For creation of the clear sky UV the Fast and ed$y simulation tool (FastRT)
(Engelsen and Kylling, 2005) has been used. Thidehs only developed for point
calculations, and not for a whole model domain thateeded in this project. As this
would be rather time consuming the FastRT modelldes used to create a “lookup
table”, which includes all needed input data.

Afterwards each input field, for example ozonegdl and sun height together with the
“lookup table” have been used as input to a muitieshsional spline interpolation. In

that way one field for the whole model domain fegar sky UV can be computed for
every hour.

4.1.1 Input data

The needed parameters to compute the clear skynukei FastRT model are listed in
Chapters 4.1.1.1-4.1.1.4.

41.1.1 The solar zenith angle

The solar zenith angle calculation is based on Kepler's equation. The input
parameters are the corresponding latitude andtlohgifor each grid point in the model
domain, together with the time in UTC given in yeaonth, day, hour and minute.

41.1.2 Altitude and surface albedo

The altitude, i.e. the topography is the sameualéitas the one used in the RCA3 model,
described in Chapter 3.2. Also the surface albe@pnates from the RCA3 model and
is calculated once a day and is valid for globdiaton. A small correction has been
done before any further usage of the albedo forUkle An example of the surface



albedo at 12 UTC on the 1st of January 1980 is shawthe left panel of Figure 4.1. In
the right panel instead the altitude is shown.
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Figure 4.1: Left: The surface albedo field at 12@at the 1st of January 1980 from
RCAS. Right: The altitude field.

41.1.3 Aerosols

The aerosols in the atmosphere can both absorlscattér radiation, both the amount
and the aerosol size plays an important rélewever, there are very few routine
observations done of the aerosols optical chaiatitex. The information needed in this
project is not at present available. Therefore hawee used aerosol optical depth (AOD)
data observed in Norrkdping (Carlund et al., 200®)mbined with older courser
measurements to model the long-term yearly andosehwariation of the Angstrom
turbidity. There is also a latitude dependent factdhe model.

The sometimes very large day to day variation has been possible to model.
Hopefully, the eventual long-term trend caused drpsols will be taken care of.

The Angstrom turbidity, is one parameter in the equatid@D,= 5 1, wherel is the
wavelength of the radiatiom, is an aerosol size dependent parameter (her® 4eB)}
andp is the Angstrom turbidity whehis 1 um.

An example of the Angstrom turbidity coefficientegisas input to the clear sky model
for latitude 60° N during 1980-2000 is shown in g 4.2, left. The two peaks found
close to 1983 and 1993 are caused by the volcanptiens of ElI Chichon and
Pinatubo. Otherwise the turbidity coefficient hasnaximum during summertime and
minimum in wintertime.

41.1.4 Total ozone

The total ozone has been retrieved from the ERAré8ive. Figure 4.2, right shows an
example of the total ozone field from ERA-40 at flst of July 2000. To discover and
adjust possible systematic errors in the ERA-48ltozone analyses a very rough and
simple method has been used. The data have beepawsinagainst the ozone



measurements listed in Table 3.1. Since most ofJ¥i@s located around noon the 12
UTC ERA-40 analyses are used. The quota betweerER®-40 analysis and the

observed ozone is plotted in Figure 4.3 (black Jdofs seen some peaks exist
especially around year 1990, here the ERA-40 ozx®meuch higher then the observed
ozone amount. The peaks for the years 1988-199éndispon the missing TOMS and
SBUV satellite data in the ERA-40 data assimilatittre peaks after 1991, especially
during 1995 and 1996 is caused by missing data theT OMS satellites (see Chapter
3.1). Since this is valid for the whole model domat is appropriate to make a

correction for this based on the observations inld8.1. The correction factor has been
calculated as the mean value for all quotas per @his daily factor has then been
applied on the ozone field from the ERA-40 analyse$ore it is further used in this

project. The quotas using the adjusted total ozmmealso be seen in Figure 4.3, (red
dots) and it is evident that the peaks are stromgtuced. The gaps in Figure 4.3
indicate missing observations.
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in the model during 1980-2000 for latitude 60° N two peaks close to 1983 and 1993
were caused by volcanic eruptions. Right: Totalnezvom ERA-40 at 12 UTC the 1st
of July 2000.
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Also a scatter plot for the corrected ERA-40 ozanalyses against the observed ozone
from the stations listed in Table 3.1 is illustdht@ Figure 4.4. The ozone errors are

calculated in the same way as for UV (Equation 1kd#§ gives that the ozone data is

free of bias, the MAD is 2% and the RMSD is 3%.
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Figure 4.4: Scatter plots for the corrected ozonealgses from ERA-40 versus the
ozone measurements listed in Table 3.1.

41.2 Results

The “lookup table” was made with a set of intervaisgl steps for each needed input
parameter. The intervals and steps for all inpuaipaters are listed in Table 4.1. The
interval has been chosen as maximum and minimumllahput data for each hour
during 1980-2000. The steps have been chosen atetltdependent of the matter of
influence to the UV. But also the computer timecédculate all clear sky analyses has
been considered.

Table 4.1: All input parameters with correspondimgerval and step that have been
used to create a “lookup table” in order to modeétclear sky UV.

Par ameter Interval Step
Turbidity coefficient| 0.01-0.17 0.02
Albedo 0-0.7 0.05
Altitude 0-1.5 km 0.3 kn
Ozone 160-480 DU 10 DU
Solar zenith angle 20-90° 1°

With this “lookup table” together with each ozorebedo and altitude field it is

possible to model the clear sky UV for the wholedelodomain. The Angstrom

turbidity coefficient and the solar zenith anglanstead of being an input field to the
model a subroutine in the model itself and is daled for each hour and each grid
point.

The output from the clear sky model is one fielctlefar sky UV per hour for the years

1980-2000. As an example the clear sky UV at 12 UdiCthe 1st of July 2000 is
illustrated in Figure 4.5.
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Figure 4.5: Hourly clear sky UV for 12 UTC at thst bf July 2000.

For validation of the modelled clear sky UV, theoud fraction alternatively the
sunshine duration is needed from the same plackeablV-measurements are made.
This information is presently only available fromeoUV-measurement site listed in
Table 3.2, namely Norrkdping, Sweden, where thesisime duration is available. The
clear sky outputs have been validated against tear csky UV-observations in
Norrkoping for the years 1993-2000. The observesdrckky is defined as when the
sunshine duration is one hour per hour. This giotsly 3347samples.

In the left panel in Figure 4.6 the modelled UV iagathe observed UV is plotted.
Here, it can be noticed that the modelled UV ingisaa systematically higher value
then the observed UV. With the assumption that miedelled clear sky UV in
Norrkoping is representative for the whole modehdm, a clear sky correction can be
done to overcome the systematic higher modelled Thérefore, the modelled clear
sky UV has been corrected as in Equation 5, witeiie total amount of clear sky
samples. The equation gives a correction factd.@b, i.e., the clear sky UV is about
5% to high, the corrected modelled clear sky U\susrobservations is illustrated in the
right panel in Figure 4.6. The correction have disen tested for all stations listed in
Table 3.2, and the assumption that Norrkdping pasentative for the whole model
domain seems to hold even for the rest of theostati

N
ZUVoi

uv(corr), =Uv, B2 (5)

> UV,
i=1

In the corrected modelled clear sky UV no biastexithe MAD is on the other hand

4.8% and the RMSD is 6.8%. The error is probablysed by the variation in the

aerosols and albedo that have not been possibtecliade in the model, also the fact
that the observations is representative for onet@oid in the model for an area, 22x22
km, influence on the result.
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Figure 4.6: Scatter plots for hourly modelled U\fstes observed UV for clear sky (one
hour sunshine duration per hour) for Norrkdping B92000. Left: Original modelled
clear sky UV versus observed clear sky UV. Riglotrétted modelled clear sky UV
versus observed clear sky UV. The straight linbath panels corresponds to the 1:1
line.

4.2 Development of a cloud modification model

Having a clear sky model for the UV it is now nesaey to develop a model that can be
applied for any sky condition based on availabferimation. Using measured data in
combination with the total cloudiness and the clovater content from the RCAS3
model it is possible to study how clouds modify thedelled clear sky values. The
result will be a cloud modification model, CMM.

To avoid that the same observations are used bo#isttmate a CMM and to validate
the outputs from the CMM, the hourly data has besparated in a chance generator.
All UV-measurements that have been used for esomabf the CMM and for
validation are listed ifable 3.2. For the same observation sites the riemtlelear sky
UV, the total cloudiness and the cloud water canbeam the RCA3 model have been
retrieved.

In the following, the ratio between observed UVéBH modelled clear sky UV{Ewill

be used. To avoid problems taking the ratio betwsraall values, which are strongly
affected by uncertainties, only UV when the surghkis above or equal to 25° is used.
With this data set it is possible to study the E/&io as a function of the cloud

parameters from RCAS3 (total cloudiness and cloudewa&ontent). This data set

includes totally 49901 samples, where 50% have losed to estimate the CMM and
50% to validate the outputs from the CMM, i.e. thedelled UV for all sky conditions.

For estimation of a CMM, different tests have bearried out, all tests are dependent
on either the total cloudiness or the cloud watertent. Some tests have also included
2-dimenional dependencies for example theyE#fio as a function of both the total
cloudiness and the sun height. For hourlyE#fios a large scatter exists, therefore the
median and mean values of the &f&tio in different cloud and sun height intervals
have been used instead. In general when this Kimdethod is applied it is important
that the number of samples in each interval istootsmall, otherwise the median and
mean values will not be representative for theruseand might cause errors in the
CMM outputs.
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For the validation of the different CMM outputs.etitases of high UV have been
considered as the most important ones, since theagiag effects of UV is most
pronounced when the sun is high and the sky isivelg clear.

Also for all tests the Ef&ratio for clear sky have been forced throughoEE In that
way, the clear sky UV is not reduced because o$tiagter in the hourly values.

The tests that have been carried out to find thst mepropriate CMM are:

1) E/Ep as afunction of the total cloudiness.
2) E/Epas afunction of the cloud water content.
3) E/Ep asafunction of thetotal cloudiness by minimization of theerror.

1) E/Ep as afunction of the total cloudiness.

In this test the median and mean values o HIEL9 intervals of the total cloudiness
have been calculated. In this calculation the emidtp are not represented, i.e., clear
and overcast sky. When the CMM later on is appledthe validation data it is
important that the end points are represented wiberthe interpolation routine might
crash. Therefore, the EfEatio for clear and overcast sky has to be addedclear sky
the E/k ratio is set to one (so that the clear sky UViaageduced) and for overcast sky
the median respectively the mean values ot B#ze been calculated. This is illustrated
in Figure 4.7, left, the black dots correspondsltosamples of E/iEversus the total
cloudiness, the red and blue dots to the mediamaeah values of Ef€alculated in 21
intervals of the total cloudiness. With these mmadind mean values, together with the
total cloudiness and clear sky UV, it is now poksito model the UV for any sky
condition with a 1-dimensional spline interpolation

2) E/Epasafunction of the cloud water contents.

Here, the same procedure as in test number onppiged, but instead of the total
cloudiness from the RCA3 model, the cloud waterteohnhas been used. Also here the
end points, clear and overcast sky has to be atiéide original median and mean
values of E/, Different in this test is also the numbers of ingdithe median and mean
values of E/ghave been calculated in. In this test 39 interhialge been used since the
cloud water content vary from 0-2(3) g/m3. The §&r&tio versus the cloud water
content is plotted in Figure 4.7, right. The red &tue dots in the figure corresponds to
the median and mean values of E£XMersus the cloud water contents calculated in 41
intervals. With this information it is now possibte model the UV for any sky
condition with the cloud water content and cleay R/ as input in a 1-dimensional
spline interpolation.
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Figure 4.7: Left: The E/fratio is here plotted against the total cloudiness frdma t
RCA3 model (black dots). The red and blue dotsespwnd to the median and the
mean values calculated in 19 intervals plus theoE#Hos for clear (set to 1) and
overcast sky (median and mean values of #Hen the total cloudiness is equal to 1 at
the x-axes). Right: The EfHatio is here plotted against the cloud water @nitfrom
the RCA3 model (black dots). The red and blue a@salculated in the same way as
for the left panel, but here 39 intervals are uselead.

3) E/Ep as afunction of the total cloudiness by minimization of theerror.
In this test a function as Equation 6 has beenegpKasten and Czeplak, 1980).

t(C;)=1-(1-t@)rey
©)

HereC:ris the total cloudiness, andhe function dependent on the total cloudin€x3, (
t(1) is the estimated cloud effect for overcast ahga is a coefficient that also has to
be estimated from the data set (the,E#&fio and the total cloudiness).

As in test number 1 the same median and mean vafueds, in the 19 intervals of the
total cloudiness have been used. But in this testensamples are needed in the
minimization routine, therefore all samples instdle median and mean values + one
standard deviation of E{fhave been used to estimatg) anda in Equation 6. Figure
4.8, left, illustrate the function in Equation 6pdipd on all values of EfEinside the
median values + one standard deviation. The rightpin Figure 4.8 illustrates instead
the function applied on all values of E/Ehside the mean values + one standard
deviation. These functions have then been appliealbclear sky UV with the total
cloudiness from the RCA3 model as input.
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Figure 4.8: The black dots correspond to the rdfitl, plotted as a function of the
total cloudiness. Left: The red curve corresporathe function applied on the samples
inside the median values of B/Eone standard deviation calculated in 19 intewsvébr
the total cloudiness. Right: The blue curve coroegfs instead to the function applied
on the samples inside the mean values of Efihe standard deviation calculated in 19
intervals of the total cloudiness.

The CMMs in the three different tests has now bagplied on the validation data, i.e.
the data is independent from the data used indtima&tion of the CMMs. Both median
and mean values of the E#atio have been used in the three tests. The hetatistics
of the modelled UV for all tested CMMs is listedTiable 4.2.

Table 4.2: List of all error quantities calculatéor hourly UV values modelled with the
CMMs in test number 1-3, when both the median aadnmnvalues of the EdFatio
have been used.

Test 1 Test 2 Test 3
Median | Mean | Median | Mean | Median | Mean
MBD | +3.8% | +0.6% +5.3% | +2.1% +7.2% | +5.3%
MAD | 26.3% | 27.0% 27.3% | 27.6% 27.2% | 26.8%
RMSD | 37.3% | 36.7% 385% | 37.7% 39.1% | 37.7%

For validation of the results when the different shave been used, we first focus on
test number 1 and 2 since the same method haveusedrto estimate the CMMs. From
Table 4.2 it can be noticed that for test numband 2 the MBD and RMSD indicates
that it is better to use the mean values of the EdEo when the CMM is estimated,
especially when the total cloudiness are used (testber 1). Scatter plots for test
number 1 show that this is a false signal, seer€igwB, left and right. When the mean
values of E/gare used (Figure 4.9, right) the overestimatiooaf UV amounts is
getting compensated by the underestimation of hiyh amounts. If such a CMM
should be used the clear sky UV, that is most itgmdrin this project, will not be
preserved. Also when the median values o BfE used in test number 1, the clear sky
UV are not preserved (Figure 4.9, left), but itstdl better preserved then when the
mean values are used (Figure 4.9, right).
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Figure 4.9: Scatter plots for modelled UV when @M in test number 1 has been
used versus observed UV from the independent aligmrs. The left panel corresponds
to the modelled data when median values of the Efio have been used. The right

panel corresponds instead to the modelled data vihemrmean values of the k/gtio
have been used in the CMM.

For test number 3, the clear sky UV is better presk since the function (Equation 6)
is forced through E/Efor clear sky, this was also the case for testbemi and 2, but

here even the high UV when only small amounts otids exist in the model will be
preserved, see Figure 4.10.

200 200

=
a1
o
[N
a1
o

100} 53 100} ¢ 3

Modeled, mWh/m?

50

Modeled, mWh/m?

50

0 50 100 150 200 0 50 100 150 200
Observed, mWh/m? Observed, mWh/m?

Figure 4.10: Scatter plots for modelled UV when @M in test number 3 has been
used versus observed UV from the independent aigars. The left panel corresponds
to the modelled data when median values + one stahdeviation of the E/Eratio
have been used in the estimation of the CMM andigfe panel when mean values +
one standard deviation of the Ek/E&tio have been used instead.

From the scatter plots for test number 1 (Figu89 dnd test number 3 (Figure 4.10) it
is very clear that test number 3 have to be usédariuture despite the results listed in
Table 4.2. If the CMM in test number 3 estimateshfrthe median or mean value * one
standard deviation of the E/Eatio should be used is difficult to say from akat the

scatter plots. The errors listed in Table 4.2 oa tither hand shows that the best
statistics are found when the estimation of the CM®&fte build on the mean values of
E/Ey, £ one standard deviation. But even in this casgufE 4.10, right) the low UV

amounts are overestimated (+5.3%), but the mosbritapt UV are preserved, i.e., the
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high UV amounts. The overestimation of low UV vaug caused by an overestimation
of the cloud effectt(1) in Equation 6) for overcast sky. As seen in Figluz and 4.8
the largest scatter of Efexists for large cloud amounts, especially abdwerhedian
and mean value of E{EThese cases, when the real world has clear skyhenmodel
has overcast sky are very difficult to model cariedependent of the CMM. Instead
the samples increases the standard deviation dln@énoe the estimation of the cloud
effect for overcast skyt((l)) in a negative matter, i.e., the cloud effecte#tigg to high
for overcast skies. Trying to eliminate some of lies in the data set, tests have been
done where the outliers not are a part of the mgation routine. By using the data
inside the mean value of the B/&tio £ one standard deviation, instead the samples
inside the mean value of BE/Eone standard deviation and mean value of E/B half
standard deviation for overcast and almost overskists have been used, for lower
cloud amounts the same samples have been usedias &athis way the cloud effect
for overcast sky is reduced from 0.4426 to 0.388#Ben this CMM, with the lower
cloud effect for overcast skies, is applied on Wadéidation data the bias has been
reduced from +5.3% to +3.4%, the other error qtiastiis influenced very little,
+0.1% for the MAD and +0.3% for the RMSD, thereftines CMM will be used in the
future. The differences between the old and new Cikkést number 3 where the mean
values of E/G £ one standard deviation have been used and wistead the mean
values of E/ginstead only are calculated in the interval mealue/a- one standard
deviation to mean value + a half standard deviatwnovercast skies is illustrated in
Figure 4.11.

I I I I I I I I L
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total cloudiness

Figure 4.11: The black dots correspond to the rdfid, plotted as a function of the
total cloudiness. The blue curve corresponds toftimetion applied on the samples
inside the mean values of B/Eone standard deviation calculated in 19 intervdbr
the total cloudiness. The red curve correspondgeatsto the function applied on the
samples inside the mean values of (&/Ebne standard to the mean value + a half
standard deviation calculated in 19 intervals fbettotal cloudiness.

Also tests where the CMM has been dependent ontbtéthcloudiness and cloud water
content and total cloudiness together with the Iseight have been performed. When
the CMM has a 2-dimensional dependencies the mexhdnmean values of the B/E
ratios have been used in the same way as eaniehdoe the median and mean values
of E/Ey is calculated in each box (both limited by for exdenthe total cloudiness and
sun height). These tests have not provide any rbegtailts then the tests described
earlier and are therefore not described in thisntep
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4.3 Results

From the tests in the previous chapter, the CMNEst number 3, where mean values
of E/E is applied together with a small adjustment torecir the cloud effect for
overcast sky, will be used to model all UV for theriod 1980-2000. This chapter will
illustrate the CMMs performance for different skynditions, seasons and between the
stations listed in Table 3.2. Also all integratjgeriods, hourly, monthly and yearly, will
be considered.

For validation of hourly UV, still only independemibservations are used. But to
calculate daily, monthly and yearly values from itgependent validation observations
is impossible. The independent hourly observatiunge been separated with a chance
generator from the data used in the estimatiorhef@GMMs, days are separated, and
also some months are missing, because of the lovwhsight. Therefore, all available
observations listed in Table 3.2 are used in tHelation of daily, monthly and yearly
values.

As shown in Chapter 4.2 the modelled hourly UV iisaverage 3.4% higher than the
observed UV. To investigate this, a look at botlke frequency of observed and
modelled data in different UV intervals has beendstd and also the model
characteristics for different amounts of cloud. Tiequency distribution of both
observed and modelled UV in 7 UV intervals is illased in Figure 4.12. In all UV
intervals except in the lowest (UV<20 mWh/m?2) ahé highest (UV>120 mWh/m?2)
intervals the modelled data has a higher frequeth@an the observed data. The
discrepancy in the lowest interval does not necgssaly depend on an overestimation
of UV in the model, it might also be partly caussdsystematic errors of the observed
values for low solar altitudes. The UV intervalsRigure 4.12 can be interpreted as
different seasons, the lowest UV intervals is gsitpninfluenced by winter and
spring/autumn values and the highest intervalsusgrser values but also as different
amounts of clouds.

<20 20-40 40-60 60-80 80-100 100-120 >120
Hourly CIE-wighted UV-radiation, mWh/m?2

Figure 4.12: Frequency distributions of hourly U¥percentage of the total amounts of
samples separated in 7 UV intervals. The black l@sespond to the amount of
observed UV in each interval as the percentagbetatal amount of observed UV. The
white bars instead correspond to the amount of thedldJV in each interval as the
percentage of the total amount of modelled UV.
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How the modelled UV in relation to the observed @b different cloud amounts
behaves is illustrated in Figure 4.13 as scattetsdor modelled versus observed UV
for different cloud amounts. The scatter plots shbat for small amounts of cloud
(cloudiness less the 4/8 in Figure 4.13) the UVasy much correlated to the modelled
data, except for the cases when the observaticaféeisted by clouds and the modelled
data is not (the black dots above the 1:1 line)these cases the modelled UV is
overestimated. For the other cases, when the clessdiis greater then 4/8 also the
feature when the modelled data has more clouditiess the observation is getting
more mark able (the black dots below the 1:1 litie)s only when the sky is almost
overcast and overcast (5-8/8 cloudiness) the medliellV data is in average
underestimated, otherwise the samples when thenauselata has clouds and the
modelled data has less cloudiness is in majority.

One reason for the discrepancy between modelledraa$ured data for various cloud
amounts is that the cloudiness is generated inntlbeel area and not analysed.
Therefore, the dynamics of the model may createddavith a slight shift in space and
time. Although, the cloud climate is in general rect while the individual hourly
values may differ from the observed. Most of thatdees of Figure 4.13 can be
understood from this point of view.
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Figure 4.13: Scatter plots for hourly UV, modellegrsus observed. The panels
illustrate different amounts of total cloudinessrir the model, from clear sky (top left)
to overcast sky (bottom, middle).
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Now the performance of the model depending on theuat of UV and amount of
cloudiness have been studied, it is then necessanyestigate if the hourly UV errors
might be dependent of the observation location.t iaif the observation point is
representative for the whole grid box or not? Twestigate this, error calculations have
been done for each station separately. It is hep®itant to remember that the amount
of samples for each station is very varying singgy the samples with sun height above
or equal to 25° have been used, then many samappars for the most northern
stations. The errors for each station are plotte&igure 4.14. On the x-axes are the
stations from south to north (Landvik, Norrkopijindern, @steras, Kise, Trondheim
and Troms0). As seen in Figure 4.14, the RMSD iy wauch the same for all stations,
but the largest one is found in Tromsd. Also thestrronounced MBD is found in
Tromsd. Otherwise the modelled UV is very much saene, the MBD is the error
quantity shifting most, from an overestimation & ¢ Landvik to an underestimation
of 12% for Tromsd, for the other station the MBDnisich less pronounced. Landvik
and Tromso are the most problematical stationfi®fvalidation stations. Landvik is a
coast station and so is Tromsd, together with ation at very high latitude, and the
town is also placed inside a valley.

0.6

dranaa)

-0.2

relative error

Land Norr Blin Oste Kise Tron Trom
station

Figure 4.14: MBD (black bars), MAD (grey bars) aRiMSD (white bars) calculated
for hourly UV for each station separately. From thest southern (Landvik) to the most
northern station (Tromso) listed in Table 3.2.

The hourly relative errors separated to each mdwate also been studied and are
illustrated in Figure 4.15. January, February, Nolker and December are missing in
the graph since the sun height for those monthstisbove or equal to 25°. The hourly
errors are very much the same for all the studiedthrs.
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Figure 4.15: The hourly relative errors, MBD (bladiars), MAD (grey bars) and
RMSD (white bars) have here been calculated foheaconth separately.

Finally a look at daily, monthly and yearly UV veki will be done. As mentioned
earlier it is not possible to calculate daily, nidptand yearly values using the
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independent observations. Therefore all availalbleeovations listed in Table 3.2 are
used in the validation of daily, monthly and yeauglue. In Table 4.4 the dalily,
monthly and yearly errors (MBD, MAD and RMSD) aistéd.

Table 4.4: List of MBD, MAD and RMSD for daily, nidg and yearly values of UV,
calculated for all available observations listedTiable 3.2.

Daily | Monthly | Yearly
MBD | +2.6%]| +2.6% +2.6%
MAD | 22.0%| 8.3% 6.1%
RMSD | 38.0%| 13.8% 7.6%

Here, a slightly overestimation exists, the otheors (MAD and RMSD) decreases
with the length of the integration period. In Figut.16 the corresponding scatter plots
for daily, monthly and yearly values are plottetsoathe hourly scatter plot for all
available data, without any limitation in the swndht is plotted in the same figure.
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Figure 4.16: Scatter plots for modelled UV versbseryved UV for hourly values (top

left), daily values (top right), monthly values tfoon left) and for yearly values (bottom
right).

Also the daily and monthly errors for each stats@parately have been calculated, as
for the hourly values (Figure 4.14) and are illastd as histograms in Figure 4.17. The
yearly errors are not calculated since many ofstiadions only has some few years of
measurements, then the error might not be repsent The largest errors are found in
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Tromso, as for the hourly values (see Figure 4 grbhably because of the problematic
topography and vicinity to the sea. Otherwise allmmaderestimation is found in
Norrképing and Tromsd (negative MBD) and for thehest station a small
overestimation is found (positive MBD). Yearly U\Alues for each station can instead
be found as time series in the Appendix, FigurBlidsing in the figure are the stations
Trondheim and @steras since only observations $9912000 are available. The time
series can not be used for trend studies since awdilable measured observations not
interpolated observations have been used.
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Figure 4.17: Histograms for MBD (black bars), MARDr¢y bars) and RMSD (white
bars) between modelled and observed UV for eachostandividual, from south
(Landvik) to north (Tromsd). Top: For daily valueBliddle: for monthly values.
Bottom: for yearly values. Note that the y-axishsting.

5 Global radiation

The global radiation originates from the RCA3 modetl has been validated for clear
sky and cloudiness sky. Attention to hourly, daitypnthly and yearly values has been
done. For calculation of the hourly errors onlyuesd when the sun height is above or
equal to 25° have been used, otherwise the relatiwg for small amounts of global
radiation will take over.

5.1 Clear sky

The clear sky global radiation from the RCA3 mdadiat here been validated against the
observations listed in Table 3.3. The clear skyase defined as when the observed
sunshine duration is one hour per hour and thé ¢tiadiness from the RCA3 model is
less then 3%, this gives totally 13575 sampleghénleft panel in Figure 5.1 the clear
sky global radiation, when both the observations #ae model has clear sky is plotted
as modelled versus observed global radiation. éngttaph it is seen that the modelled
data is a bit to low compared to the observatiamshigh amounts of global radiation
(the black dots below the 1:1 line in Figure 54ft)l But for low amounts of global
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radiation the opposite occurs, the modelled glaobdlation is instead higher then the
observations (the black dots above the 1:1 lind=igure 5.1, left). Therefore it is
possible that the biases are dependent on theeighthand a test also indicates that
this is the case. So a correction for the globdiateon dependent on the sun height has
been created. This correction has not only beer dmnthe clear sky global radiation,
but for all sky conditions. The corrections havemealculated as the median values of
the quota between observed and modelled globahtradiin 21 intervals of the sun
height (25-60°).

The corrected modelled clear sky versus observellagiradiation is plotted in Figure
5.1, right). Here it is evident that the samplesrauch closer to the 1:1 line. In the new
corrected modelled global radiation the bias i8%).the MAD is 3.4% and the RMSD
is 4.5%. Before the correction on the global radratvere made the deviations were
instead, MBD = -2.8%, MAD = 4.2% and RMSD = 5.1%.
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Figure 5.1: Scatter plots for hourly clear sky giblvadiation when the sun height is
above or equal to 25°. The data originates from1&l radiation stations in Sweden,
modelled versus observations for the years 198®200e panel to the left corresponds
to the original clear sky global radiation and tpanel to the right, the corrected clear
sky global radiation. The black line in both panetsresponds to the 1:1 line.

If the clear sky errors instead are calculated wdvdy the observations indicates clear
sky (sunshine duration is one hour per hour), iedépnt of the modelled cloudiness,
the errors will increase. This will happen becatisze are cases when the observations
have clear sky and the model has cloudy sky. Is thise the clear sky statistics are
instead, MBD = -13.5%, MAD = 5.6% and RMSD = 24.1%here are mainly two
factors that may explain these deviations. Firgt,cempare values measured at a point
with values modelled for an area. Second, sunshimation can be recorded even when
the sky is partly covered by relatively thick cleudor example with cumulus clouds
during summertime. So the sky may not be as cleamdicated by the sunshine
duration observation. Also the fact that the modeles not include any data
assimilation, i.e., cloud system might come eamietater than in the real world has a
large impact to this error.
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5.2 All sky conditions

For all cases, i.e. independent of the sunshinatidur from the observations and the
cloudiness from RCAS3, the data constitutes of 188%amples and for the cases when
the sun height is above or equal to 25° it cortstof 342189 samples.

As described earlier, a correction dependent orstimeheight have been applied on all
modelled data, independent of the sky conditionfoigethe correction is made, the
biases more or less balance each other, i.e. tiherestimation of high global radiation

values is compensated by the overestimation of dtbal radiation values (this can

even be seen for the clear sky, Figure 5.1). Theecton made removes the
underestimation of high global radiation amounts] a part of the overestimation of
low values. But we does make sure that the mosbitapt situations for this project

will be as correct as possible, clear sky in comatiam with high sun altitude. The

reason why the overestimation of low values not erduced sufficient depends
probably on all samples in the data set when theleindhvas clear sky and the
observations has cloudy sky. We can not separatdhact these cases of the model,
only the cases when the model already has cloudishéy are to thin.

For all samples, i.e., for all sky conditions, 8D, MAD and RMSD have been
calculated for hourly (when the sun height is abovequal to 25°), daily, monthly and
yearly values. The statistics is listed in Tablk %or the MBD, a positive sign indicates
that the modelled data are higher then the obsevedks. All daily, monthly and
yearly values have been calculated independent len amounts of available
observations for each time period, i.e. yearly gallhave been calculate even if only
one month is available, therefore some very snelly values exists, also, it influence
the error in a negative matter, i.e. the yearlprecorresponds to much shorter periods
and in that way also the errors.

Table 5.1: MBD, MAD and RMSD for hourly, daily, nidg and yearly values for
global radiation between RCA3 and observationgtieryears 1983-2000.

Hourly | Daily | Monthly | Yearly
MBD | +1.7%| +1.6% +1.6% | +1.6%
MAD | 322% | 254% 9.8% 4.4%
RMSD | 43.5% | 41.1%| 14.3% 5.4%

The MBD indicates that there is a small overestiomaof the global radiation. This is
mainly caused by the underestimation of cloudshi& model, which we could not
correct for. The hourly errors is relatively largénich of course depends on the
difficulties in making cloud analysis without anywtd assimilation in the model, the
model only force information in to the model dom#inough the lateral boundaries. It
is then very easy to get for example a cold frogether with its clouds to get behind
the real world. But for longer time periods thistigre decreases with the length of the
time period. Figure 5.2 shows the scatter plotsdfity (top left), monthly (top right)
and yearly (bottom left) values.
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Figure 5.2: Scatter plots for global radiation fall available observations during
1983-2000. Top left: for daily values, Top rightr fmonthly values, bottom left: for
yearly values.

To show the behaviour of the model for differenbgephical sites, the errors for each
station individual has been calculated. The ragiiatations in Sweden cover almost
the whole country, from south to north, and it ia# a good indicator how the model
for example represent the snow cover. The daily ganel) and monthly (bottom panel)
relative errors (MBD, MAD and RMSD) for each statiare illustrated as histograms in
Figure 5.3. The x-axis corresponds to the statfmms north (Kiruna) to south (Lund).
The MAD and RMSD are very similar for all statioi$ie MBD is on the other hand a
bit shifting from station to station. For both daihnd monthly values, almost all
northern stations have a systematic lower modedletial radiation compared to the
observations. The more southern stations haveadssesystematic higher modelled
global radiation compared to the observed values. mentioned earlier the
underestimation of global radiation for the morethern station could be caused by the
difficulties in representing the snow cover in @ilbedo. But even if the snow cover is
well represented in the model it might still be lgeons since the albedo in the model
represents an area and the observations are mag®oait.
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Figure 5.3: The daily (top) and monthly (bottom) MEblack bars), MAD (grey bars)
and RMSD (white bars) have been calculated for eachation station in Sweden
individually for 1983-2000. From left to right athe stations from north to south. Note
that the y-axes not are the same.

For seasonal discrepancies, the daily errors haen lxalculated for each month
separately, see Figure 5.4. As for the daily andthip biases calculated for each
station (Figure 5.3) the snow seems to have inflaeon the biases for the winter
months. Also during the winter months the largegtS® and MAD occur, this features
depends not only on the difficulties in represamntngood snow cover, it also depends
on the small amounts of global radiation duringteitime, which makes the relatively
errors large. Otherwise the errors during the summmanths are the smallest ones. The
modelled data has a systematic higher amount @trad during the summer months
(June-September) and the opposite during the wmberths.

Examples on yearly time series are illustratedigufe 3, 4 and 5 in the Appendix. The
graphs show the observed and modelled yearly arsooinglobal radiation for all
radiation stations in Sweden (Table 3.3), excephr@m, since only 4 years are
available. The time series can not be used forystgdirends, since only available
measurements have been used, not any interpolaladsvreplacing missing values.
The positive bias for the modelled global radiatmm average (Table 5.1) is most
pronounced for the southern stations (Figure 4,ef0px) while the bias is minimal for
the more northern stations (Figure 3, Appendix)e Bame feature is also seen in the
daily and monthly values i.e., positive bias foruth@rn station and a slight
underestimation for northern stations (Figure 1@ a.3)
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6 Available output data

All fields of CIE-weighted UV-radiation and globeddiation created in this project on
hourly, daily, monthly and yearly basis for theipdr1980-2000 are all stored in GRIB-
format (Grldded Binary). The spatial resolution2idx22 km with a rotated latitude-
longitude coordinate system. The fields are stared02 grid points in west-east
direction and 116 grid points in south-north direat i.e. a total of 11832 grid points.
All data can be studied and retrieved at the wébrfimce,www.smbhi.se/strang/omna
There are three options at the interface. All atiare valid for both global radiation
and CIE-weighted UV-radiation for the whole per{d@®80-2000) and for hourly, daily,
monthly and yearly values. The options are:

1) To select charts.
2) To retrieve time series for an optional poimeg in latitude and longitude.
3) To retrieve fields.

It is important to remember that all hours at thebvnterface are given in UTC and not
local time. Also, the daily, monthly and yearly wa$ are summarized hourly values. In
Figure 6.1 an example from the web-interface iegjvhere monthly charts for global

radiation and CIE-weighted UV-radiation for Aprif48 has been chosen. The white
area at the west, south and east side in Figuris éht new extended model domain for
the STRANG-systemwww.smhi.se/strar)g

Another example that can be selected from the wedface is yearly time series for
CIE-weighted UV-radiation and global radiation. igure 6.2 such time series is
plotted for four sites in Sweden, namely Luled,|&tad, Stockholm and Lund.

Also delivered with this project are integratedlyl@iounty values for global radiation
and CIE-weighted UV-radiation. The county areassaiected from the red map (SW.
réda kartan) and cut of over the sea areas by wWediSh territorial border. A map
together with the Swedish territorial border isgeneted in the Appendix, Figure 1, also
a list of the county names can be found in the Appe Table 1.
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Figure 6.1: Monthly global radiation (left) and Cl&eighted UV-radiation (right)
selected from the web interface for April 1998.
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7 Discussion and Conclusions

A data set with CIE-weighted UV-radiation and glbtadiation on hourly basis for the
period 1980-2000 over northwest Europe has beeatearan this project. The approach
to create the data set has been to use consistienbdth in time and space. In that way
the origin of trends in the data set is reducedntd depend on changes in the
atmospheric models.

Since the data set shall cover a relatively longode(1980-2000), no high resolution
gridded meteorological analyses exist at SMHI for whole period. For shorter time
periods (1998-today) a high resolution mesoscaldaihoalled MESAN is often used.
The model combines information from a Numerical Wea Prediction forecast, radar,
satellites and ground based observations to a 2rimonal field covering northwest
Europe with a fine spatial (11x11 km) and tempoeablution (1 hour). But because of
the long time period that is needed in this projeis data could not be used, instead the
data has to originate from other sources.

One choice of input data sources in this projestlieen the ERA-40 data set which is a
comprehensive set of time consistent data desgriiie state of the atmosphere for the
whole globe. From the ERA-40 data set the totalimol ozone analysis has been used
once a day. The ERA-40 ozone has been correctesyy$bpematic errors and errors due
to missing satellite data in the ERA-40 data adaibmon routine. Validation of the
corrected ERA-40 against observations shows tleab#one is very well represented in
the ERA-40 analysis. For the other needed paramatethis project, global radiation
and cloud information, it is not possible to use ERA-40 data set since the temporal
resolution is limited to every six hour. Otherwisevould probably be one of the best
choice of input data since a large set of differkimds of observations (satellites,
ground based observations and so on) are assidhilatde analysis and that the data
are produced with one and the same method for bodewtime period (September 1959
to August 2002). The global radiation and clouainfation have instead been selected
from the new version of the Rossby Regional Clinkstteospheric model (RCA3). The
RCA3 model is not a model that assimilates diffeddnds of observations in to the
model. Instead, it forces a global re-analysighis case the ERA-40, in to the model
through the lateral boundaries. In that way a nfuddr spatial and temporal resolution
can be achieved over a limited area. The modehsed) on the operational regional
weather prediction model HIRLAM but with process rrfmlations and
parameterizations adjusted to suit long-term clgrsmulations.

Beside of all modelled data a relatively largeafdt/V-measurements has been used to
create the CIE-weighted UV-radiation data set is finoject.

Since the future use of this data set is focuseskoncancer statistics, the main aim has
been to keep the errors small when the risk of ldpwmeent skin cancer are most
pronounced, i.e., when the sun is high and thessksiatively clear. This holds for both
CIE-weighted UV-radiation and global radiation.

For CIE-weighted UV-radiation the model is dividedo two modules, in the first one,
the clear sky CIE-weighted UV-radiation is modelfed each hour. In this module, a
“lookup table” was first produced with the FastRDdel. In the “lookup table” all
variations of input parameters are taken into astoln a multi-dimensional spline
interpolation the clear sky UV for all years aredualbed. The main input parameters to
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the “lookup table” are the Angstrom turbidity caefént, the solar zenith angle, the
total ozone column, and the albedo.

In the second module, the clear sky modelled Cligfed UV-radiation, created in

module one, is reduced using a cloud modificatiadeh (CMM). The construction of

the cloud modification model has been tested iresdwvays. In all tests a set of
independent observations have been used in theatigth of the CMMs and another set
of independent observations have been used indheation of the outputs from the
different CMMs.

Since a large scatter exists in hourly CIE-weightdd-radiation comparing the
observations versus the modelled values it isaliffito find a good CMM (for instance
when the model has clear sky and the real worctlmagly sky). As mentioned earlier,
our goal has been that the modelled values shalklgood as possible when the sun is
high and the sky is relatively clear. The CMM tligive been used is a predefined
formula that has been fitted to the data. For cékgrthe formula does not reduce the
clear sky UV, but for overcast skies, the CMM shalagt an overestimation of UV still
exists in the model. This, because these sampedifficult to model.

The bias for the hourly CIE-weighted UV-radiatisthen 3.4% and the root mean
square deviation is about 38%, when the sun héghibove or equal to 25°. For daily,
monthly and yearly amounts of CIE-weighted UV-rdidia the modelled values are
2.6% higher than the observations. The root meaarscdeviation is reduced the longer
the integration period is; to 7% for yearly values.

The global radiation from the RCA3 model undereates the high values and
overestimates the low values of global radiatiom.oVercome this problem a correction
factor dependent on the sun height has been appliede global radiation. In this way
the clear sky global radiation is corrected, butv l@amounts still are slightly
overestimated. One reason could be that the moigrastimates the cloudiness or that
the modelled clouds are to thin. The errors, bothhburly, daily, monthly and yearly
values are of the same magnitude as for the Cligited UV-radiation.

As described for both CIE-weighted UV-radiation aytabal radiation the hourly errors
are relatively large but the errors are reduceddhger the time periods are. The main
reason for the large hourly errors are that thetigiata that plays a big role to the CIE-
weighted UV-radiation and global radiation fieldsgmates from a downscaling model
and not a data assimilation model. Today we dohawte access to any data base with
high resolution both in time and space fur sucbng time period that are needed in this
project.

The RCA3 model is often used in climate scenariagepts in Europe and is known to
analyse the climate well. Therefore we assume tiatcreated data set should not
include any trends caused by the model.

The whole data set is freely available for non-caroial use and can be downloaded at
the web-interfacewww.smbhi.se/strang/omn#&lere both time series for eligible points,
charts and fields can be chosen for both, houdylydmonthly and yearly values of
CIE-weighted UV-radiation and global radiation tbe period 1980-2000.
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Appendix




Table 1: List of all county number and the corrasgiog name.

Number | County

1 Stockholms

3 Uppsala

4 Sddermanlands
5 Ostergoétlands

6 Jonkoépings

7 Kronobergs

8 Kalmar

9 Gotlands

10 Blekinge

11 Skane

13 Hallands

14 Vastra Gotalands
17 Varmlands

18 Orebro

19 Vastmanlands
20 Kopparbergs
21 Géavleborgs

22 Vasternorrlands
23 Jamtlands

24 Vasterbottens
25 Norrlands
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Figure 2: Time series for yearly values of CIE-weeyl UV-radiation from the 5
stations with more than 3 years of measurements.deshed line corresponds in all
panels to the observed values and the full lineheomodelled values. The time series
can not be used for trend studies since months natealways complete as only
measured observations are included, no interpolaedes have been used for missing
values.
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Figure 3: Time series for yearly values of globatiiation from the 5 most northern
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Figure 4: Time series for yearly values of globaliation from Karlstad to Visby
during 1983-2000. The dashed line correspondslipaels to the observed values and
the full line to the modelled values. The timeesegan not be used for trend studies
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SMHIs publiceringar

SMHI ger ut sex rapportserier. Tre av dessa, Rugexiar avsedda for internationell publik

och skrivs darfor oftast pa engelska. | de dvragaesna anvands det svenska spraket.

Seriernasnamn

RMK (Rapport Meteorologi och Klimatologi)

RH (Rapport Hydrologi)
RO (Rapport Oceanografi)
METEOROLOGI
HYDROLOGI
OCEANOGRAFI

| serien METEOROLOGI har tidigare utgivits:

1985

1

Hagmarker, A. (1985)
Satellitmeteorologi.

Fredriksson, U., Persson, Ch., Laurin, S.

(1985)
Helsingborgsluft.

Persson, Ch., Wern, L. (1985)
Spridnings- och depositionsberakningar
for av fallsforbranningsanlaggningar i
Sofielund och Hoégdalen.

Kindell, S. (1985)
Spridningsberékningar for SUPRAS
anlaggningar i Koéping.

Andersson, C., Kvick, T. (1985)

Vindmatningar pa tre platser pa Gotland.

Utvardering nr 1.

Kindell, S. (1985)
Spridningsberakningar for Ericsson,
Ingelstafabriken.

Fredriksson, U. (1985)
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