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1. Introduction:

Complex topography has a significant influenceNah RA I 1 A 2 y T fsdakifdcaAsh i (G K S
consequence, parameters liklope aspect, slope angle, sky view factor and shadodtnglso

have a big impaabn, for instancetemperature fieldsjocal circulationformation ofcloudsor

triggering of convetionin such areas

With increasing spatial resolutiasf weather forecast modelthese effects gain also importance

for numericalmodelling For a better representation of these topographic influences #mus to

improve the model performance in compleépography an accordingadiation parameterization
scheme hadeen introducedo the High Resolution Limited Area Model AROME during my stay at
Meteo France in autumn 2014

2. Motivation:

A \erification of the operational AROME forecasts in Austria has/slthatsometimesa strong
difference betweerthe modelforecastandstation observationsappearsin small Alpine valleys like
the Ennsvalley or the Inpvalley. Thistrong positive BIAS about 2 - 3 °Cespecially occurs
around the time of sunrise (see Fig.1¥ufther investigation of tlis problem has shown that the
different radiation condition®f model and reality caused by orographic shadowing effarts
resonsible for thisnodel BIAS. In other wds, the station lies in reality nuch longer in the shadow
than it issimulatedin the model. This fact is caused by supposeddiat effectively homogeneous
grid boxes in theadiation parameterizationand no infuence of surrounding grid cell§his
problem is not new and has already been described lleviand Scheref2005)in a papersome
years agoTo improve the performance of numerical models in complex topograpéy tlesigned
aunified radiation parameterization scheme based on high resolution topography data. This
method hasalsobeen used and adapted to the HIRLANMgh Resolution Limited Area Model)
model by Senkova et dR007).

During my stay at Eteo Francein autumn2014 | haveadaptedthis scheme to théAROMENodel
(cy 41). In the following | shortly describe the steps and work that has to be done to use the
scheme in every other setup and at every other domain of the AROME model.
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Fig. 1BIAS, MAE and RMSE for AROME (blulepaARO (red) at the valley stations of Mallnitz
and Obervellacim Austriafor summer 2013A positive BIAS means higher temperatures in the
model than observed.

3. Methodology

3.1. Used method

The formulation of the basic equations foretipresentradiation parameterization, accounting for
the orographic effects on radiation, follows the approach of Miller and Scherer (Z00&y.
formulated a unified method to parameterize the radiation effects due to different slope angles
and directions, relieshadows (for SWR) and restricted sky view (SWR and LWR).

Fig. 2: Solar (showave left) and terrestrial (longvave right) radiation fluxes over mountainous
terrain.

Figure 2 shows the main SWR and LWR fluxes modified by orographic features. Direct solar
radiation is absorbed and scattered by atmospheric gases, aerosol and cloud particles and is
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the surface as diffuse radiation. Surrounding mountains and hills create shadows and obscure parts
of the sky visible at a given location. LWR is emitted and absorbed by atmospheric gases, aerosol
and cloud particles. Longave emssion by sloping surfaces may significantly influence the
surroundings and reduce radiative cooling especially in valley bottoms.

The orographic correction of the surface radiation fluxes is based on three quantlieslope
parametert sl, the shadowfractiont shand the skyiew factort sv.

Direction to Sun

Normal to slope

Slope dil‘CCTlO]l‘L,/ am
Sun azimuth
North

Fig. 3: Definition of the angles used in eqs 1 and 2.

The slope parameterslis usedo modify the downwelling direct sofdlux and can be formulated
as

cosf)/ cosfm) eq. 1
sinhg)[1 +tan(hm)/ tan(hs) cosésb am)].

1s]

The meaningf the relevant parameters can be extracted from Figure 3.

Thetreatment of shadows is done by introducingl@adow fraction sh. It is defined with values
between 0 (shadowed) and 1 (cleand isdepending on thdocal horizon in each directiosee
chapter 3.4 for more information on calculation‘agh.

Accordingly, the direct solar flux arriving at a slope is defined as

Sudr,l=1sltshSadr0 eg. 2

where S0 dr,0 is the unmodified downwelling direct solar radiation.

For the calculation of diffuse solar radiation and longwave upwelling radiation flux the sky view
factor! svis important. It is defined by integration of the horizon anigdd),

I

: f sin[h,(6)] 6.
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fs.n- =1-

eq. 3



The values ofsvvary from O(no sky seen) to 1 (whole sky visible). Accorditigdydiffuse short
wave radiation is defined as

Sadfl=isvRdfO0+he(lbisyn,e, eq. 4

where Ukisthe average surface albedo afdethe average downwelling global radiation over the
surrounding surfaces.

The longwave radiation budget is also depending on the sky view fastbcan be described by
eq. 5,

Fo 4JsvRa0+(1L1syYFK0,e, eq. 5

Fh0,e can be calculated with th8tefanBoltzmannaw (Fh0,e=e T$) with e being the average
surface emissivity andisthe average surface temperature of the surrounding terrain.

The three parameterssl, { shand! svhave to be calculatetdefore the model integratiorisee
chapter 3 preprocessingpy the use of a high resolution orography dataset.

3.2. High resolution orography data:

During the last yeardifferent detailed global data on surface elevation have become available. The
resolution of these datéies generally between 30m and 1km, but local data sets exist with eve
higher horizontal reslution. For the present studye have used orography data from the Shuttle
Radar Topography Mission (SRTM, Rodriguez et al., 2005) with a horizontal resdlthiee arc
secads (about90m in middle Exope). SRTM digital raster ebion covers the globe between
latitudes 60°N and 56°C. The data are given in regular latiEtude grid.The domain for the

test study is centereth Austria and comprises therea shown in Figl.

Of course, any other high resolution daghge.g. GTOPO30 (USGS, 1998), HydrolK (USGS, 2003),
ASTERNASA, 2001ktc.)and any other domaiean be used for the present parameterization
scheme.



3.3. Preprocessing:

Beforestarting with the implemenation of the radiation scheme in AROME, the mefihvod
computingthe orographicparameters mentioned above is shortly described.

At the momentt s, { shand! svare calculated in a twstep concept. The first steqcalculation of
slope, aspect and local horizers done outside the numerical model with scripts provided by the
HIRLAM community (thanks to Laura Rontu)! The sestapd adaptation from the high

resolution SRTM dataset to the model resolution of 2.%md some additional computationss
performedinside PGRogether withthe other surfex physiographic parameters

After downloading the SRTM datasetergng the tilesinto one big fileand cutting it to the model
domain the full resolution slope elevation and direction angéas becalculatedeasilyby using

the GDAL toolsFeospatial Data Abstraction LibraGDAL 2014Gdaldem slope and gdaldem
aspect are the releant shellcommands.

The sky view factor is depending on the local horizont in each direction and can be derived by
introducing the concept of slope sectioWith this concept we avoid additional preprocessing and
storage oflarge amounts of timelependenddata while still retaining essential detadéthe
orography.This concept has been developed by the HIRLAM community and is described in a
paper (Senkova et aR007). At each highiesolution orography sage data point, a local horizon
angle is calcated for a defined number of sectors. At the moment 8 sectors are used, which
implies a width of 45° for each sector centered at the main geographical directions (N, NE, E, SE, S,
SW, W, NW)The local horizon angle is calculated by scanning in a cimlaaithe location. In this
study we restricted the radius of the circle @dm (D0 gridpoints of 90m in each directipn
scanning with a resolution of 1°. The local horizon angle is determined by the elevation difference
between the central and surrounalj points.Each angle is weighted according to its squared
distance from the central point. Thus the closest obstgakhich are able to obscure the largest
area, get more weight than the remote onés. each point, the sectorial local horizon angles are
defined by the weighted average of the 1° valuBse sky view factor then obtained by

integration over the local horizon angledetermined by the nearby orography (eg. 3). In this case
the integral is replaced by the summation over the local horizon values in all 8 s@dtersutput



fields of thispreprocessing arshown in Table 1.

Parameter Type Unit Range Missing values
Sbpeangle Integer 1/100 ° 0-9000 -9999
Aspectangle Integer ° 0-359 -9999
Local horizontal Integer 1/100 ° 0-9000 -9999
angle*
Sky view factor Integer 1/10 % 0-1000 -9999

Table 1: Output fields of preprocessisgripts. * Local horizorgonsists of 8 fields, because of 8
sectors.

This procedure is at the moment done outside the numerical model by the HIRLAM scripts, but it is
planned that this step should also be included into PGD in the near future.

The retrievedieldshaveto be subse&uently converted to a binary format which can be read by

PGD (.dir filand respective header .hdr fjle

3.4. PGD

The idea behind the present approach is to include all necessary fields into the physiographic fields
so thatthey haveto be calculatenly once before the actual model integratiohhis saves time

and computational resources list of allPGD rotines within SURFEX that haween adapted to
calculate the additional orographic fields is provided in gippendix.

The main routine dealingyith the orographic fields is pgd_omaphy.F90. The parameters itselves
andthe temporary fields are defined in the modules modd_pgdwork.F90 and
modd_surf_atm_sson.F9WVithin the SURFEX routines averagel orography.F90 and
average2_orography.F90 tlields mentioned in Table 1 are converted to the AROME grid size of
2.5km. For the slope angles a simple average over all SRTM points in eack RDdduare is
applied resulting ira mean slope angle. In case of aspect the horizon is subdiveded into the 8
sectors mentioned before anthe numbers of thesmall scale grid points in a certain direction are
counted. Afterwards these numbers are divided by the total number of small scale gridpoints in
each AROME square resulting in a relative fraction of eaclorséatditionally, ér all 8 sectors a
mean slope aeach AROME square is defin@tie &y view factor on the AROME scale is obtained
as a simple average of the fimesolution sky view factor values. For the calculation of the shadow
factor, minimum and me&mum values of the local horizont are found in each sector. Direction
dependent coefficient®\iandBiare determined so asotfulfill a linear relationship

1sh,i=Aisinhs) +Bi, eg. 6

assuming that shi= 1when the sun is higher than the maximum local horizon in the sector and
1 shi = Owhen the sun is below the minimum local horizon in this direction. Between the
minimum and maximum valuessh,i is assumed to increase from zerotag bcr, wherebcris

taken to bel/N andNis the number of SRTM points inside a AROME gridsqOaee.the sea no
orographic factors are calculate&dhey are set to default.

Hence, he output of PGD comprises 34 additional figlsise Table 2)h case of 8 directional
sectos.

Parameter Type Unit Range Missing values

Mean slope Real ° 0.00-90.00 1.0E20

Fraction of aspec Real Relative 0.00- 1.00 1.0E20




in sector* number
Mean slope in Real ° 0.00-90.00 1.0E20
sector*
Mean sky view Real % 0.00- 100.00 1.0E20
factor
A factor* Real no unit Depending on 1.0E20
B factor* Real no unit topography and 1.0E20
resolution

Table 2: Additionabrographicfields in the output of PGD. * paramaters consists of 8 fields,
because of &lirectionsectorsdefined

Whether the new orographic fields should be calculated or not can be delfipdte switch
LSHA_ ZS in the PGD namelist NAMraifiine read_nam_pgd_orography.FOQ) this namelist
also the names of the input SRTM filasd the number of sectors has to bet. In the following
you can see the respectiwxtraction of thePGD namelist

&NAM_ZS
YZS='srtm',
YFILETYPE=DIRECT",
LSHA ZS=TRUE,,
YFILETYPE_SHA=DIRECT",
YFRAC_SHA=8,
YSLO='"srtm_slo',
YASP='srtm_asp’,
YSVF='srtm_svf',
YLHA='srtmh,




Fig. 5 Mean slopd°], mean slope in direction [&], fraction of aspect in direction[&l. num.],
mean sky view factdfo], Aand Bfactor in direction $no dimension)].

Due to the high horizontal resolution tfie SRTMlata(90m) the computation of the necessary
fields in PGD takes some time.

Figure 5 shows plots of all calculated fields for the test domain in central Europe. Remark, only the

sector South (157.5¢202.5°) is depicted.
The writing of the new fields to theGD output file is controlled by the routine writesurf_sson.F90.
All the steps presented beforaustbe doneonly once before theactualmodel run(like the other

physiographic field&o).



