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Technical part:

The visibility parameter was iginally coded at Meteo Frand®y Ingrid Etchever®ombrowski
Etchevers et al., 20)8or the AROME model and later implemented and tested in ALARO at CHMI
(by Radmila BIO | 2 &htl at ARSO (by Piotr Sekula). The original code was modified afcE |
ALARO modeh new routine (phys_dmn/acvisih.F90) has been created to calculabéityisiOutput
parameters(PVISICLD, PVISIHx@)visibility with respect to cloud liquid water (fog) and visibility
concerning precipitation, which units are meters. Another prodéd? XCLWG3 related to cloud

liquid water content Kkgkg) and it was created for verification purposd$ie outputs refer to the
height HVISI above the terrain, which cannot be lower than the lowest verticalKvElM)The
minimum visibility andnaximum of cloud liquid water content is determined for a chogeriod,

which is set as parameters NVISIPERIOD (default 3600s) or NVISIRERIS) 2 NAMXFThe
maximum value of visibility is limited to 20 km. The direct inputs are hydrometeors (cloud liquid and
solid water, rain, snow and graupel) and their mixmtios, multiplied by air densi{priginal units

for hydrometeors are kg/kg but g/fis used in visibility formulas)

The routines, which were modified with respect to the reflece were:

adiab/cpg_dia.F90 adiab/cpg.F90

control/cnt4.F90

dia/cpxfuF90

fullpos/fpcorphy.F90 fullpos/hpos_xfu.F90 fullpos/sufpxfu.F90

module/ptrxfu.F90  module/lyomafn.F90 module/yomphy2.F90module/yomxfu.F90
namelist/namafn.nam.h  namelist/namphy2.nam.h namelist/namxfu.nam.h
phys_dmn/acvisih.F9(hys_dmraplpar.F90 phys_dmn/initaplpar.F90
phys_dmn/mf_phys.F90 phys_dmn/suphy2.F90

setup/suafnl.F90 setup/suafn2.F90 setup/suafn3.F90 setup/suxfu.F90

At SHMU, eme minor additional changes in the Elgack cy43t2bf10v01 were done, mainly some
cleaning of cod@aot related to visibilityThe operational pack at the SHMU computer containing
visibility is:/data/users/nwp002/pack/43t2_bf10_export.05.o0per.01.MPIGNU493.x

The hydrometeors must be included érder to calculate visibility. Firgp01 had to be ruion
SHMU domain, 63 vertical levels, 4.5 km horizontal resolutiod)the namelist for e001 included:

NAMAFN:
GFP_VISICLD%IBITS=12,
GFP_VISIHYD%IBITS=12,
GFP_MXCLWC%IBITS=12,

NAMXFU:
LXVISI=.TRUFEagtivates the visibility diagnostics)

In order to write hydrometeors to outputmshfile, the following variables must be switched in
NAMGFL, e.g. for the cloud liquid wat¥t:_ NL%LGP=.TRUYE.,NL%NREQIN=1,
YL_NL%LREQOUT=.TRUE.,



This settingorovides the above mentioned three parametessautputs in historical files
(CLS.VISICLOLS.VISIPREAXCLW)C These were relatesolelyto the NVISIPERIOD (3600s).
However, it would be possible to calculaienultaneously additional visibiligarameters
(CLS/ISICLDZLS/ISIPRERIAXCLWE) for the 15 min. or shorter period, which is better for the
evaluation of visibility related to convective precipitation.

The link to the e001 namelist at the SHMU computerusers/nwpl09/wrk/nam/cy43t2/vis2
€001 _ALARQ_ CY43T2bf09_vis2tke.nam

It is alsgpossible to make futbos for the visibility parameter8esides visibility parameters we
postprocessed the fields of respective hydrometeors and the simulated radar refleclikity
required changes of the original namelist in NAMAFN {&=§._L%CLNAME="LIQUID_WATER,
TFP_L%LLGP=whjle TFP_SR& LGPE.), in NAMGFL (e.yL_NL%LGP=.TRUE.,
YL_NL%LSP=.FALBE.NL%NREQINFdnd addition of parameters in NAMFPC (e.qg.
CFP3DF(6)="SIM_REFLECHPXFU(9)="CLS.VISIQ@HPXFU(10)="CLS.VIEIPRhere was no
reference fullpos namelist for cy43t2, so it was adapted from cycle 40.

The link to thefull-posnamelist at the SHMU computer fsisers/nwp109/wrk/nam/cy43t2/vis2
fp_CY43T2bf09 vis2 spectr.nam

The relationship between the hydromeies and visibility can be modified with various parameters.
For the presented first tests we us#te basic (default) setup including parameters:

NAMPHY2:
HVISISm
COEFFEXTQ¥$16.14
COEFFEXTQ(2)83.9
COEFFEXTQ(2)5
COEFFEXTQ(4)3:4
COEFFEXTQ(2)4
COEFFEXTQ(&)4

COEFFPWRND=0.27
COEFFPWRQ(2)=1
COEFFPWRQ(3)75
COEFFPWRQ(4)78
COEFFPWRQ(%)78
COEFFPWRQ(8)78

The formula for visibility calculatiomgingkoschmiedef & ) yidldg
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Theextinction coefficient®f cloud liquid waterlgvc) and ice are as followfter Kunkel1984:

I 6 a”"n 1 6 a"n



Whereny ,n s the cloud liquidice)water contentin kg/kg respectively; is air densityin kg

m3. The use of density anl parameter is due to conversion of the water (ice) content from
kg/kg to g m? units. It is important to note that the model visibility calculation currently uses a cloud
liquid water product derived for the radiation scheme (PQLI in APLPAR). Compatarttiard
diagnostic cloud liquid water (PQL or ZQL in APLPAR) this product is more aomdpieore
consistentconcerning physical processes in clouds, exhibits only positive values, etc. On the other
hand, PQLI attairsignificantvalues only in cloudsvhich means that visibility is set to its maximum
and it is rather unifornmoutside of theclouds.

The coefficient® ,0  are the COEFFEXTQQQEFFPWRQ) forcloud liquid water. Tie
parametersCOEFFEXTQEQEFFPWRQ) denotecoefficients for cloud ice water content.

The visibility related to precipitation (rain, snow, graupglylefined in similar manner as for the
cloud liquid water:
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The respectiveoefficients0  , 0 are theCOEFFEXTQ@QREFFPWRQ parameters, where
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Figurel: Visibility (m) as function of cloud liquid water (kg/kg) énly ( ) as described in the
report of &kula (2018)n blue colorand as defined in the current codiefault settinggPhilip, 2016)
used in the presented testerange) Both axes use logarithmic scaimme visibility records are
emphasized by numbers.

Thedefaultsettingof COEFFEXTQé)d COEFFPWRQ) for cloud liquid water was obtained from
visibility observations in France (Philip, 2016Jlifferent setting was testedby Sekulaz018) in his
CASElwhere COEFFEXTQ(1) would yield 144.7 and COEFFPWB&X(h)tte cloud liquid water
(inspired by the research of Stoelinga, 199)etwo settingsgive significantly different results for
visibility in water clouds, above all in case of low cloud liquid water mixing (ggesFigure1One
can see that with the default setting the Wa#ity would practically never exceed 4 km, while in the
setting of SekulkCASEfhe visibility would risenuch morerapidly with decreasing cloud liquid
water content which is more realistic
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Besides formulas, where visibility cloudsis solely fundbn ofthe liquid/ice water content, there
exist relationships derived upon measurements with spectrometers and field experiments showing
and on the droplet/crystal number concentration (Gultepe, 2006,

dependency on bothj ,n
Gultepe, 2007Gultepe, 2010).
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wherek andm are coefficientsimilar too ,0

Such relationships are probably more accurate, although for example the droplet number
concentration (Nd) in fog also dependsipn . Observatios (Gultepe, 2006hdicate that such

functionis probably quadratic

This can be uskto emulate visibility parameterization also in case, one knows pnly (Nq is

available in the ECMWF physics as parameter ZDNC in aer_diagidR®ill be available also in
the LIMA scheme in AROME is also possible to linearize such VISiand relationship to a great
, Which nearly describes thaiginalVISQ , Ny)
2cBrregpdnéing ltoyfinklings T fog

extent and find such setting @f ,0
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equation(3). We evaluatedhree mainda SG G A y 3 a
research (Gultepe, 2006, Gultepe, 2007, Gultepe, 2010).

®3)

(4)

Parameterization| k m 0 0
Gultepe 2006 1.002 0.6473 202.8162 1.3233
Gultepe 2007 1.13 0.51 72.8498 1.0358
(used also in
Monte et al.,
2017)
Gultepe, 2010 0.87706 0.49034 80.9636 0.9851
¢FrofS MY £FNAR2dza aSdaAy 3 zloudvisibilig Vet Y, Brivda3h | €

presented in studies of Gultep&he 4" and 5" column shows the best fit of ALARO parameterization

whenmodifyingd

In comparison with current code defaults and tests of Sekula (CABEBpproaches sed on Table
1 and equation (3), (dhow a substantially different behaviour, although the representation of
is relatively close by liquid water content about 152 10* kg/kg(Fig.

and 0

visibility with respect ta)

2). The main difference is that settings described by articles of Guftegdict steeper increase of

visibility in regions with lowj . For some settings (Gultepe 2006), one can also obtain lower

visibility in regions with high liquid water content.
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Fig. 2Visibility (m) as function of cloud liquid water (kg/kg) ohly ( ) as described in the report

of Sekula (2018) sekula 1 (his CASEdsekula 2(his CASE?2), as defined in the cuAéAtR@ode
default settingsf 6 and 6 (code_defaultand as defined in various studies of Gultepe (see
Table 1).The abbreviations emul_g06, emul_g07, emul_g10 show courses of the visibility function
obtained with ALARO parameterisation emulating the Gultepe (2006), GUREP&) and Guétpe
(2010) relationshipbased on the Eq. (4Jhe scales are logarithmic.



Results:
Casel: Comparison with AROME

Both visibility parameters were tested on three cases. The first one wa¥tlianuary 2019
situation already tested at Meteo France on AROME (Piriou et al., 2019):

2019-01-06 09:00:00
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Fig.3a: Left: 9h forecasf visibility (m)from the AROME model valid to 06 January 2019 09 UTC
(Piriou et al., 2019). Figb: Right: Forecast of 1h minimwisibility in clouds (CLS.VISICLD) from
ALARO SHMU cy43t2 for the same date and tiitle default setting Conditions for fog (visibility
1km) are in bluish colors.
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Fig.4: Meteosat 8 (MSQYaturalcolor RGB image valid to 06 January 2019 09 UTC.
The comparison with ALARO results (Bighows that fog (visibility below 1km) occurred in several
areas, where it was forecast by AROME as well. This concerns a compact, large area of northern
Germany. Very low visibility was predicted for mountain are&€zech Republic (Krko@o Jizers®
hory) or Alps. Fog was predicted for theuthwestern part of Tuscany and for the Po valley (ltaly). In
ALARQhere is a norrealistic artefact in the latter region. Comparison with satellite imagery 4ig.
shows ttat there was no fog in the Po valley but some areas in Tuscany could be overlaid by fog or
low-level clouds at that time. The satellite image also shows large areas -tidlesd cloudiness or



fog over France, though, in ALARO, these were rather isolatgtbtees. It is difficult to evaluate the

presence of fog over Germany or Alps solely upon satellites because thezenedium and high
basedclouds too.
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Fig.5. Synoptic observations for the area of Central Europe for 06 January 2019 09 UTC. Some

visibility recordqin km)were emphasized by numbers.

Comparison with synoptic observatiofi§g. 5jndicates that there were areas in Germany with low

visibility but not as compact as predicted by both numerical models. In the szgien,we find also
stations with visibility exceeding 10 or 20 km, despite of cloudy weather and precipitation. Low
visibility was reported by station on the border of Cz&epublicand Poland (probably $SnO{ |
m high. Reduced visibility was alsotire Alpine regionFog was reported from Meiringen

(Switzerland, 595 m) or Krimml (Austria, 1000m) and usually at high elevations. Somewhere the

reduced visibility was due to both cloudiness and precipitation.déodd have beemlsoin localities,
where meteorological datare absent or not distributed abroad.

In case of ALARO, one notable featwas that cloud liquid waterelated visibilitywas always below

10 km, even if no cloudinesgas predicted. Though, the threshaldas 20 km, as in the case of
precipitationrelated visibility. lwas probably due to default settings/here visibility is reduced
below 4 km already in case of very low cloud liquid water contexfiel to Fig. 1).

For precipitation, it can be shown thatready a weak (0-0.5 mm/h) snowfall can reduce visibility
below 2 km (Figs) and moderate snowfall can cause foggy conditions as seen over the Alps or
Turkey. It is probable that this only partially represents the true state of the visibility andntbeaist
values are lower with respect to reality.
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Fig.6. a: (left) Forecast of 1h minimum visibility in precipitation (CLS.VISIPRE) from ALARO SHMU
cy43t2 valid for 06 January 2019 09 U8IE .(right) 1h precipitation forecast for the uTC
period.

Case 2: Fog over southern Slovakia and Hungary

As we could see, cases withpearance oboth radiation fogandlargescale precipitatiorare

difficult to evaluate. For evaluatigthose situations are ideal, where fog was created largely due to
radiative cooling in relatively stationary conditions (e.g. with surface anticyclme)ts distribution

is relatively homogeneous, covering large arddss could be observed on 9 November 2018 over
Slovakia and eastern part of Hungary (Fg.
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Fig.7. a: (left) Forecast of 1h minimum visibility (m) in clouds (CLS.VISICLD) from ALARO SHMU
cy43t2 for 09 November 2018 06 Uai for default settingb: (right) Forecast of low cloudiness
coverage @grey shadesynit is 1/10,color shades fovalues below Ehow the bacground orography)
valid for the same date and time.

The forecast of visibility is generally in agreement with the low cloudiness coverage, though, fog can
be detected also if the cloud coverage is below 10 tenthsky coveredwe tested mmimum
visibility in the previous Lhwhile cloudiness is instantanequk is noteworthy that visibility below



250 m is very rare, usually represented only by seldom points. Besides Slovakia and Hungary, fog was
predicted for Pevalley and large parts ¢foland or Ukraine and also for Tunisia.

Fig8. Meteosat 8 (MSG) Natular color RGB image ¥aii@9 November 2018 08 UTthere were no
big change#n distribution of low cloud®etween 06 and 08 UTC)

Comparison with satellite imagery (F8).showshat fog (or low clouds) were present over Slovakia
and Hungary, in Carpathian mountains in Romaniaydfey and over big parts of Poland or Belarus.
It can be seen that the model overestimated the area covered byp¥eg Hungary (only the
northeasternpart of the country had fog)



