Spatial distribution of UVI
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UVery on the basis of dwd forcasted ozone, cloudiness and snow, daily values

Erythemal effective UV dose cloudy, 16.08.07 00:00 UTC pericd= +12h

Daily maximum of UV Index cloudy, 16.08.07 00:00 UTG period=+12 h

Staiger a. Koepke, 2005, Meteorol. Z. http:// orias.dwd.de/promote/index.jsp
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Example UVI. North summer, cloudfree

o o3 1.6 25 35 45 55 BS 75 85 495 105 125 145 VI
Dally maximum of UV Index clear sky, 14 .07 06 D000 UTG period= +12 h

WwWWw.uv-index.de
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Example UVI north summer, with clouds

o G0 1.8 25 359 45 55 BO VB8 85 990 105 125 145 LW
Daily maximum of UV Index cloudy, 14 .07.06 00:00 UTC pencd= 412 h

Staiger a. Koepke, 2005, Meteorol. Z. http:// orias.dwd.de/promote/index.jsp
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Daily dose UVery , without clouds

i .25 1.25 2.80 275 .00 B.25 F.ad B.75 kd/m?
Erythemal effective UV dose clear sKy, 14.07.06 DO:D0D UTC period= +12 h
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Daily dose UVery , with clouds

i .20 1.25 2.80 275 .00 B.25 F.al 8.73 kd/m*
Erythemal effective UV dose cloudy, 14 .07.06 D000 UTC peried=+12 h
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Example UVI. North winter, cloudfree

[ I
o G5 1.8 25 35 45 55 BS b5 85 9.5 105 125 145 LU

Daily maximum of UV Index clear sky, 13.01 DE 0D:DO UTG pericd= +12 h

‘ WwWWw.uv-index.de
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Example UVI north winter, with clouds

o oo 1.8 Z5 325 45 0.5 Bo YD 85 490 100 125 1450 LW
Daily maximum of UV Index cloudy, 13.01.08 DD:00 UTG period= +12 h

orias.dwd.de/promote/index.jsp
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Daily dose UVery , without clouds

1.25 2.50 2.75 .00 B.25 F.a0 85,72 kd/m?

i .20
Erythemal effective UV dose clear sky, 13.01 .06 00:00 UTC period= +12 h
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Daily dose UVery , with clouds

i .25 1.25 2.00 275 .00 B.250 FRalE B.75 kd/m?
Erythemal effective UV dose cloudy, 13.07 .06 0D:0D UTC period= +12 h
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Example for UVI Europe, cloudfree

0 .5 1.5 25 2.5 45 55 £S5 75

85 9.5

195 125

145 I

Daily maximum of UV Index clear sky, 28.08.05 D000 UTCG pericd= +12 h
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Example for UVI Europe, with clouds

o .5 1.5 2.5 2.5 4.5 5.5 B0 7.5 B.5 9.5 10.5 125 14.5 Ll
Daily maximum of UV Index cloudy, 28 .06.05 00:00 UTC period= +12 h
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Example ozone hole

KNMI/ ESA Forecast SCIA assimilated total ozone
28 Oct 2004
120 UTC

& - D]
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training school Vienna 2008
© Peter Koepke



UVI at ozone hole, without clouds

| I
g Ga Th 25 33 45 Bb Ba B 85 Yo HWa 125 145 UV

Daily maximum of UV Index clear sky, 28.10.04 00:00 UTG period= +12 h

DWD
2004
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UVI at ozone hole, with clouds

o o o ZE FE Hoe BD B D BE Sha kD 1205 13D LN
DWD
Daily maximum of UV Index cloudy, 28.10.04 DOOD UTC period= +12 h
2004
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UVI at ozone hole, without clouds

[
o oo 1.8 235 35 45 55 BSOS /.5 &5 95 105 125 145 LWV

Daily maximum of UV Index clear sky, 10.17.06 0D:00 UTC period= +12 h
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UVI at ozone hole, with clouds

o oo 1.5 25 325 45 55 BSOS .5 845 4o 100 12.5 145 IV
Daily maximum of UV Index cloudy, 10.11.06 D000 UTG pericd= +12 h
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Example for UV-map Austria and southern Bavaria
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Modelling UV radiation
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Modelling UV:

 Mathematical procedure to solve radiation
transfer equation (RTE)

e Data of extraterrestrial sun

* (Actual) data of relevant atmospheric
parameters

training school Vienna 2008
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Radiative Transfer:
Description of scattering and absorption (and emission) processes of
radiation in the atmosphere

Radiative Transfer Equation
Mathematical description of scattering and absorption processes ;
Solution leads to the radiation field:

di(r, u, ® C L C
D 1,0)-22 [ ) PG 0319 ()
. T. T in multiple scattering
extinction 1
o -
——2 7R, P(W, 9; 1o, @) €
47[ scatterlng
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Multiple scattering and absorption
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Model types

time [s]
for one spectrum (UVI)

= Empirical-statistical models 10 -3
= Simple spectral model (Two stream) 10 -1

=  Multiple scattering models (1-dim, spectral) 10°-10 *1

=  Cloud algorithmus 10 2
= Look up tables 10 ©
= 3-dimensional models 10 +3-10 *4
= |rradiance on tilted surfaces 10 *1 (10 -3)
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© Peter Koepke LMU e




Typical modelling for UV:

1 dimensional, multiple scattering, spectral

1 dimension: Altitude, given as optical depth
horizontally homogenious

Multiple scattering: scattering processes, using scattering functions
combinded from all scattering atmospheric parameters

absorption, using absorption coefficients from all absorbing
atmospheric parameters

Spectral: scattering coefficient and function and absorption coefficient
changes with atmospheric component and wavelength individually

(spectral modelling not as dense as Frauenhofer lines in the Sun)
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Comparison of UV models with fixed input parameters
of 106 atmospheres and SZA
Koepke et al., 1998

Spectral MS models

Fast spectral models Empirical models

3940123 3240123 3240123 3240123 3240123 3240123 54321012345 54321012345 54321012345 54321012345 208454 20202084420 200864202
deviation Qeviation deviation

Deviation in UVI against average result of MS models
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Examples for 1 Dim MS UV- models

DISORT (DlScrate Ordinate Radiative Transfer)

GOMETRAN (Global Ozone Monitoring Experimant TRANsmission model)
SBDART (St Barbara DISORT)

STAR (System of Transfer of Atmospheric Radiation)

UVSPEC (improved DISORT)

TUV (Tropospheric Ultraviolet and Visible radiative transfer code)

training school Vienna 2008
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Uncertainty of UVI due to quality of input data adapted from Schwander et al. (1997)

mean A UVI
Modell accuracy 2 %
Sun: zenith angle ; Sun-Earth distance 0 %
absolute solar irradiance 2 %
Ozone: interpolation from station; Satellit: 3% = 9 DU 3%
Trace gases: no information 3 %
Aerosol:  AOD and Absorption: measured at 330 nm 2 %
only AOD 370 nm 5%
AOD 550 nm and aerosoltype from air mass 10 %
fom visibility 30 %
climatic mean 30 %
Albedo summer 3%
variable snow conditions 10 %
clouds
CMF from cloudines 50 %
CMF cloud in front of Sun or not 20 %
CMF from measured solar irradiance 10 %
clouds in 3D model: How to describe actual clouds?? ??
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STAR: System for the Transfer of Atmospheric Radiation

file extrazs STAR info

=10l x|

—detector geometry—— avelength field output: gquantities height above ground
(" actinic flux |7 spectral |7 integral " g I
i m
ystem for (8 olobal irradiance Livi-Bry ] | [ atmosphere fire: WA, UVE, ERY E
. . acdd I 45 km
T (" phetolysis frequencies |7 transmission I_ acdd bio. vt |
ransfer of —geography and time —surface
(& date: ad |21 mm[06  wyyy| 2000 timeUTC: hh[11  mm|03 spectral
A location: latituce [45.13  de longituce[11.7 o albeco const3 ol
: oc F : .
tmospheric ? 4 ?
J R (" date: dd |21 mmfos sy 2000 solar zenith angle: I 248 deg altituce 055 km a.s. 1.
cdicition (" earth-sun distance factor: I 09674428 =olar zenith angle: I 248 deg
—ASES —pressure - temperature - humidity——  —aerosol
|7 o3 profile amaurt aerosol optical depth at 550 nm: | 0.3s8
SLUMmer .03 | | 348 DU pressure at ground | 953 hPa stratospheric conditions: ) background
" lowe volcanic
I_ S02: profile amaurt temperature profile ¢ high voloan
SUMMEr. S0 I |2 ]l summer tem I LGS
boundary layer: cdepth |30 km
I_ HO2: profile amourt rel. humidity profile
SyErage.na | ns ou SUmmer hum | aerosol type: I.;.:.minema| averane ll

—clouds {only overcast conditions)
I_ low clouds:
I_ medium high clouds:

I_ high clouds:

baze above ground
1.0

| 3.8 km
| 3 kim

km 25

tap akbove ground

| 4.5 km
| g km

I_ horizon:

km .
I_ cOSine resp.:

I_ slit function:

—site and instrument properies

conater.hor |
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http://www.meteo.physik.uni-muenchen.de/

CMF = o

clea

Values from measurements cloudy and clear

or modelled for clear to get the same conditions

Description of clouds for use of CMF:
Cloudiness: x/8 or x/10
cloudiness for low, medium, high clouds
cloud in front of the Sun

Cloudiness plus solar global irradiance
Schwander et al., 2002
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Effects of clouds (reduction against clodfree conditions)

12

CMF =

Cloud modification factor =
UVirrad cloudy sky

UVirrad sky without clouds

mZ 0O

Koepke et al.,

2002,
Rec. Res. Devel. Photochem. Photobiol.

after different authors

0 1 2 3 4 5 6 7 8
Cloud cover in octas
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Check of quality of CMFs

1.5 4

7 > 1 15
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CMFuv as function of CMFsolar

algorithm no. 4: parameter "p" den Outer et al. 2005
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Effects of all input parameters

parameter
SZA

Earth-Sun-Distance

Air molecules

Geometrical height
Albedo no snow

SNOW

Aerosol amount
properties

Ozone

Clouds

Trace gases
Height profiles
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effect on UV
high

low

moderate
moderate

low

moderate

low / moderate
low / moderate
high

high

low

low

data availability
perfect

perfect

perfect

perfect (but: area, shadow)
good

by parameterization

low (climatic data)

low

good (parameterization)
low (parameterization)
no (climatic data)

no (climatic data)
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Measured daily UV dose

Bergen 2002
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(daily _dose mod - daily dose meas) inJ/m? Bergen 2002

Model4 daily CIE-UY dose Bergen 2002 ModelB daily CIE-UY dose Bergen 2002
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(daily_dose _mod
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Modelling Exercise of COST Action 726

--results in a huge amount of data =» good basis for further UV studies

-- Modelling of UV in the past is possible with good results

(Erythemal daily dose: RMS ~ < 200 J/m?)
-- Cloud effects give largest uncertainty

-- Models that use CMF,,, based CMF,, show best agreement with measurements
-- Uncertainty of aerosol effects results from inadequate input data (visibility)

-- Snow effects to be improved ( e.g. latitude dep.) ?
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special modelling for UV:

3 dimensional, multiple scattering, spectral

3 dimensions: every point in the model region is given with individual
properties

Individual clouds
Topography How to get the data ?
Variable albedo

Multiple scattering: as in 1 dimensional

Spectral: as in 1 dimensional

training school Vienna 2008
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[ Start at z=TOA |

Determine sart position [x)]
and dirsction (i, f)
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.Monte Carlo Method

What happens with individual
photons entering the atmosphere,
Random processes with respect to
scattering, absorption and
reflection, weighted due to the
atmospheric properties

B. Mayer(1999) MYSTIC Monte Carlo Model
ISRC Workshop




Summary

Radiative transfer in the UV is well established

Different models are available: STAR, LibRadtran, sbdat
Challenges

Correct input data

reasonable radiation with limited input knowledge
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poearbelten  AnZenge LoEdment  werkZeuge  Fenster  Rire

) (& @R[ iz @@ -1 { i -

Can we really calculate everything?

Challenges in RT theory:

e Inelastic (Raman) scattering

e UV radiative transfer into water

e Fully spherical RTE solver:

Radiances at large solar zenith angles

e Polarization

e [ilted surfaces

e Three-dimensional radiative transfer (A4, Tuesday)

# Institut fiir @ I E
DLR Physik der Atmosphare il IRS 2004, Bernhard Mayer, DLR

297 x210mm 4|




Examples for www UV- information

° WWW.UV-Index.de

° WWW.UV-Index.au

° WWW.COSt/26.0rg

o Www.epa.gov/ozone/othlinks.html#uvindex
e WWW.Who.Int/uv/en
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http://www.uv-index.de/
http://www.uv-index.au/
http://www.cost726.org/
http://www.epa.gov/ozone/othlinks.html#uvindex
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