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Precipitations Prediction by Different Physics of WRF Model
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Abstract: - In this article we have configured the nested grid WRF v.3.6 model for the Caucasus region.
Computations were performed using Grid system GE-01-GRENA with working nodes (16 cores+, 32GB RAM
on each). Two particulate cases of unexpected heavy showers were studied. Simulations were performed by
two set of domains with horizontal grid-point resolutions of 6.6 km and 2.2 km. The ability of the WRF model
in prediction precipitations with different microphysics and convective scheme components taking into
consideration complex terrain of the Georgian territory was tested. Some results of the numerical calculations

performed by WRF model are presented.
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1 Introduction

As known the global weather prediction models can
well characterize the large scale atmospheric
systems, but not enough the mesoscale processes
which mainly associated with regional complex
terrain and land cover. For modeling these smaller
scale atmospheric processes and its characterizing
features it is necessary to take into consideration the
main features of the local terrain, its heterogeneous
surfaces and influence of large scale atmosphere
processes on the local scale processes. The Weather
Research and Forecasting (WRF) models are widely
used by many operational services for short and
medium range weather forecasting [1]. As a matter
of fact the Advanced Research Weather Research
and Forecasting Model (WRF-ARW) is a
convenient research tool, as it offers multiple
physics options and they can be combined in many
ways [2]-[9]. Indeed in WRF-ARW model the main
categories of physics parameterizations
(microphysics, cumulus parameterizations, surface
physics, planetary boundary layer physics and
atmospheric radiation physics) mutually connected
via the model state variables (potential temperature,
moisture, wind, etc.) by their tendencies and via the
surface fluxes [1]-[5]. Taking into account this
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broad availability of parameterizations it is not easy
to define the right combination that better describes
a meteorological phenomenon dominated above the
investigated region. Many works have been
dedicated to the problem of identification the best
combination of parameterizations in WRF model
that better represents the atmospheric conditions
above the investigated region [2]-[26]. Three main
combination of the microphysics parameterization
schemes (WRF Single-Moment 3-class (WSM3)
scheme[11], Eta Ferrier scheme [12], Purdue Lin
scheme [13]) and 3 cumulus schemes (Kain-Fritsch
[7], Betts-Miller-Janjic [14]-[15], Grell-Devenyi
ensemble [16]) were chosen for identification
which combination in WRF model was better
simulated the atmospheric lightning conditions in
the Brazil southeastern [5]. The sensitivity of
quantitative precipitation forecasts to various
modifications of the KF scheme and determination
at which grid spacing values the KF scheme may no
longer be needed on simulated precipitation was
studied in [17]. By the way the Kain-Fritsch scheme
[71,[18],[19] is frequently used to improve forecasts
for convective parameterization at grid spacing
below 20 km, likely because it has been shown that
KF  scheme  perform  better  convective
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parameterization than other CPSs such as the Betts-
Miller-Janjic and Grell-Devenyi schemes [8], [9],
[10]. Also the KF scheme outperformed others for
the 4 km simulation that used no convective
scheme, so KF scheme can be used to improve
forecasts even at such high resolutions [8],[17],[20].
Atmosphere processes and parameterization of
physics for the Caucasus territory have been tested
by the WRF model using the following schemes:
WSM 3-class simple ice scheme, RRTM scheme,
Dudhia scheme, unified Noah and-surface model,
Yonsei University scheme, Kain-Fritsch (new Eta)
scheme and Noah land-surface model scheme [25],
[26].

2 Problem Formulation

In this study, WRF v.3.6 model is using for
prediction heavy showers and hails for different set
of physical options over the regions characterized
with the complex topography. Namely Mesoscale
Convective Systems (MCS) is studied using real
data and WRF simulations are based on grid spacing
in the range from 2.2 km to 19.8 km with an
emphasis on 2.2 km. The ability of the WRF model
in  prediction  precipitations  with  different
microphysics and convective scheme components
taking into consideration complex terrain of the
Georgian territory is tested.

2.1 Data and Methodology

At present air quality monitoring in Georgia
performs by National Agency of Environment and
under his jurisdiction are 7 observation stations
distributed in the 5 cities of Georgia: Thilisi,
Rustavi (eastern Georgia) Kutaisi, Zestafoni and
Batumi (western Georgia). Each city has only 1 or 2
observation stations and only exception is capital
city of Georgia Thilisi were for the last ten-year
period the observation were carried out in 8 posts,
located in different districts of Thilisi. It is obvious
that these numbers of stations are not enough for
assessment of hydro-atmosphere statement over the
territory of Georgia. In fact we have hydro-
meteorological information only for separated areas
were the stations are located. For analyzing two
particulate cases of unexpected heavy showers
which took place on 13-14 June and 20-21 August
2015 in Thilisi we were supported by scant
information on air temperature, wind (speed,
direction), humidity and amount of precipitation. All
data were obtained from Hydro-meteorology
Department of Georgia and from the meteorological
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post of Thilisi State University. Also we were
supported by radar’s information on clouds
structure. The whole set of those data have been
used for assessment WRF model -calculations
results.

2.1.1 Observed convective events

Weather on the night of 13 to 14 June 2015 in
Thilisi was terrible with showers, thunderstorms and
lights. According to the official data there were
transfer of heat from the south by wave and it
stipulated high temperature and showers with
thunderstorms and lights in Thilisi. Namely late on
13 June 2015 during 1.5-2 hours there was heavy
shower and following of the heavy rainfall, a
landslide  was released above the village of
Akhaldaba, about 20 km southwest of Thilisi. The
collapsed 1 million m® of land, mud, rocks and trees
moved down from the Akhaldaba mountain into
Thilisi and dammed up the Vere river. A big wave
(constructed by mass of slush, rocks and trees) run
across the Vere canyon and washed everything
away until the square of Heroes. The resulting flood
inflicted severe damage on the Thilisi Zoo, Heroes'
Square and nearby streets and houses. Unfortunately
this process has been resulted in at least 20 deaths,
including three zoo workers and leaving half of the
Thilisi Zoo’s animal inhabitants either dead or on
the loose.

The another case of convective events was observed
on 20-21 August 2015. It was dominated western
atmospheric processes above the territory of
Georgia from 19 to 21 August 2015. There were
developed inner massive processes above the
territory of Thilisi and it was hailed in the evening
of 19™ August 2015. Also on 20" of August 2015 a
heavy rainfall was observed above the Kakheti
region (Kakheti is famous wine-making region in
eastern Georgia) of Georgia. Downpours with hail
cause destruction to some regions of Kakheti and
resort suburbs of Thilisi Kojori and Kiketi, where
ground floors of many houses were flooded in the
evening of 20" of August 2015. Namely, caused by
the violent weather the rain with hail lasted for half
an hour and in some settlements of the Gurjaani,
Lagodekhi and Kvareli districts broke roofs and
even walls of houses.

According to radar’s allocated in the Kakheti
region at 19:00 o’clock of 20" August from south-
west of radar system there was outbreak of cloud
systems having atmospheric front appearance which
was moving towards to north-east direction. At
19:20 a new clod systems were formed and began
moving from north-west to the town Akhmeta and
19:49 it achieved Akhmeta and the atmospheric
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column over the region has 15km height with
maximal reflection 60dB. At 20:18 the cloud system
with height 15km and maximal reflection 60dB
from the territory of Akhmeta continued moving
towards south-east direction and at 21:13 it reached
territory of Kvareli with height 16km and maximal
reflection 60dB. The cloud system continued
migration and at 23:07 it shifted to the Lagodekhi
territory the height and reflection of the cloud
system began depletion. At 01:59 were formed a
new clod system and it began moving from north-
west to the north-east direction and at 02:19 it has
10km height, maximal reflection 50dB at 02:42 it
achieved Akhmeta territory continued moving
toward to the north-east direction and leaved
investigated region.

2.1.2 WRF model simulation design

In our study we have used one-way nested domains
centered on the territory of Georgia. The coarser
domain (resolutions of 6.6km) has a grid of 94x102
points which covers the South Caucasus region,
while the nested inner domain (resolutions 2.2 km)
has a grid size of 70x70 points mainly territory of
Georgia. Both use the 54 vertical levels including 8
levels below 2 km. A time step of 10 seconds was
used for the nested domain. The WRF model
contains a number of different physics options such
are micro physics, cumulus parameterization
physics, radiation physics, surface layer physics,
land surface physics, and planetary boundary layer
physics. Microphysics contains a number of
microphysics modules and in our study we have
chosen WSM6, Thompson, Purdue Lin, Morrison 2
Moment and Goddard schemes. Cumulus
parameterization schemes are responsible for the
sub-grid-scale effects of convective and/or shallow
clouds and theoretically valid only for coarser grid
sizes [1]. We have chosen Kain-Fritsch, Betts —
Miller - Janjic and Grell — Devenyi ensemble
schemes for our experiments. The planetary
boundary layer (PBL) is responsible for vertical
sub-grid-scale fluxes due to eddytransports in the
whole atmospheric column [1]. Parameterization of
the PBL directly influences on vertical wind shear,
as well as precipitation evolution [21],[22]. In [23]
summarized the main characteristics that explain the
differences among WRF PBL schemes and also
there was investigated how the PBL evolves within
the ARW using 4-km grid spacing. There are
number of PBL schemes but according to [23] we
have chosen Yonsei University scheme. The land-
surface models use atmospheric information from
the surface layer scheme, radiative forcing from the
radiation scheme, and precipitation forcing from the
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microphysics and convective schemes, together with
internal information on the land’s state variables and
landsurface properties, to provide heat and moisture
fluxes over land points and sea-ice points[2]. We
have chosen Noah Land Surface Model. After
considering various combinations of microphysics,
Cumulus parameterization schemes, Land surface-
physics and planetary boundary layer physics its
combination for our experiments are given in the
Table 1.

Table 1. Five set of the WRF parameterizations used
in this study.

WRF Setl Set 2 Set 3 Set4 Set5

Physics

Micro WSM | Thom | Purdu | Morrison Goddard
6 pson e Lin 2-Moment

physics

Cumulus | Kain- | Betts- | Kain- | Grell- Kain-

Paramet | Fritsc | Miller | Fritsc | Devenyi Fritsch

erization | h Janjic | h ensemble

Surface MM5 | MM5 | MM5 | (PX) MM5

Layer Simil. | Simil. | Simil | Similarity | Similarit

Planet. YSU YSU YSU ACM2 YSU

Boundar | PBL PBL PBL PBL PBL

y Layer

Land- Noah Noah Noah Noah Noah

Surface LSM LSM LSM LSM LSM

Atmosph | RRT RRT RRT RRTM/D RRTM/

eric M/Du | M/Du | M/Du | udhia Dudhia

Radiat. dhia dhia dhia

3 Results and Discussion

Results of numerical calculation have showen that
not one of the combinations listed in the Table 1
were able to model true atmospheric event which
took place on the 13™ of June 2015. Namely results
of numerical calculations showed that 24h
predictions by these schemes were not in
satisfactory quality as they were not able to account
of the small-scale processes that lead to the
development of deep convection. For example on
the Fig.1 and Fig.2 are presented predicted fields of
the relative humidity on the 850 hPa for 13 June
(21UTC) and 14 June (OOUTC) 2015, respectively,
which were simulated by WRF Physics Options setl
(it gave a better result than others). The calculated
amounts of water vapor presented on the Fig.2 and
Fig.3 (nested domain with 6.6 km resolution) at the
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accidental moments when atmospheric event were
in full swing are not in satisfactory agreement with
real situation which took place in Thilisi and
surroundings on 13 June 2015.

RH ot 850 hPa (shoded-%) on 2015-06-13 21

Fig.1 Map of the relative humidity at the 850 hPa
for 13 June 2015 (21UTC) simulated for the
nested domain with 6.6 km resolution.

RH at 850 hPa (shaded-%) on 2015-06-14 00
T % s 7

GeADS: 1GES,/COUA

Fig.2 Map of the relative humidity at the 850 hPa
for 14 June 2015 (00UTC) simulated for the
nested domain with 6.6 km resolution.

On the figures 3 and 4 are presented forecasted
precipitation fields on the 850 hPa height for 13
June 2015 (21UTC) and for 14 June 2015 (OOUTC)
respectively. Both of the figures demonstrate 24 h
WRF-ARW forecast failure and especially in the
investigated region where the both nested models
predicted almost dray conditions (insignificant
precipitations). Namely comparison Fig.3 with Fig.4
shows that considerably increased amount of
accumulated precipitations at the coastal area of the
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Black Sea nearby of the Poti city, but there is
diffuse spectrum of accumulated precipitations on
the Fig.4 in comparison with Fig.3 in the
investigated area. Unfortunately for this case study,
all of the precipitation simulated in the region of
interest (Thilisi and suborbs) was not convective in
nature, only small amount of precipitation was
produced by the model. As it is known the CPSs are
producing precipitation, not the microphysics [8], so
this indicates that the set of choices of CPSs were
not producing precipitation for this mesoscale case
study. An important deduction from all simulation
results was that quite accurate reproductions of
lower tropospheric temperature and wind profiles
but these were not necessary for the successful
simulation mesoscale deep convection which took
place on 13 June 2015 in Thilisi and suburbs. In our
opinion, it is necessary to strengthen initial and
boundary conditions through data assimilation, and
to improve the physical linkages between the
radiation physics, surface layer physics, land surface
physics.

Accumulated Total precipitotion (shaded—mm) & MSLP (hPa)
on 2015-06-13 21

o

Fig.3 Forecasted (13 June 00 UTC) accumulated
precipitation 12 h sum simulated for the nested
domain with 6.6 km resolution.

Accumulated Tolal precipitotion [shaded-mm) & MSLP (hPa)
on 2015-06-14 00
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Fig.4 Forecasted (14 June 00 UTC) accumulated
precipitation 12 h sum for nested domain with 1-
way nesting method and 6.6 km resolution.

Numerical calculations fulfiled for simulation
shower which took place on 20 August (with 5
different combinations of physical schemes) have
shown that in all cases, orographic forcing plays an
important role in the localization and intensification
of precipitation in and nearby of complex terrain.
Numerical  calculations have shown that
combination of the Purdue Lin scheme with Kain-
Fritsch scheme and MM5 Similarity Surface Layer
(Set 3) and Goddard scheme with Kain-Fritsch
scheme and MM5 Similarity Surface Layer scheme
(Set 5) gave the better results than others. Selected
convective cases for Set3 and Sey5are shown in
Fig.6 and Fig.7 respectively. Numerical calculations
have shown that there are indeed ‘natural’ scales of
activity for the convective parameterization within
WRF.

Accumulated Total precipitation (shoded-mm) & MSLP (hPa)
on 2015-08-20 22

Fig.5 Forecasted (Set-3, 20 August 21 UTC)
accumulated precipitation 12 h sum for nested
domain 2.2 km resolution.

Accumulated Total precipitation (shaded—mm) & MSLP (hPa)
on 2015-08-20 22

BN

i

2N

GrADS: 1GES/COLA 2016-02-04-22:38
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Fig.6 Forecasted (Set-5, 20 August 21 UTC)
accumulated precipitation 12 h sum for nested
domain 2.2 km resolution.

Comparison Fig.5 with Fig.6 shows that the main
features of accumulated precipitations are predicted
almost similarly, but accurate study of the dynamics
and its comparison with the data of observations
have shown that Set 3 was able to model that true
atmospheric event which took place on the 20 -21
August 2015. In summary it can be said, that above
mentioned model can be successfully used for local
weather extremes prediction for western type
synoptic processes such was 19-21 August
atmospheric  circulation above the Georgian
territory.

4 Conclusion

In these study comparisons between WRF forecasts
allowed verifying that in general the set of
combinations of Purdue Lin scheme with Kain-
Fritsch scheme and MM5 Similarity Surface Layer
(Set 3) and Goddard scheme with Kain-Fritsch
scheme and MMD5 Similarity Surface Layer scheme
(Set 5) gave the better results than others for
western atmosphere processes dominated above the
territory of Georgia. Also for evolution and
improvement of model skill for different time and
spatial scale the verification and assimilation
methods should be used for further tuning and
fitting of model to local conditions.

References:

[1] W. C.Skamarock, J. B. Klemp, J.Dudhia, D. O.
Gill, D. M. Barker, W. Wang, J.G. Powers, “A
description of the advanced research WRF
Version 2. NCAR Tech. Notes. Natl. Cent. for
Atmos. Res., Boulder, Colorado. 2005
A.L.Kondowe, Impact of  Convective
Parameterization Schemes on the Quality of
Rainfall Forecast over Tanzania Using WRF-
Model, Natural Science, 2014, V.6, pp.691-699
Z. T. Segele, Lance M. Leslie and Peter J.
Lamb, “Weather Research and Forecasting
Model simulations of extended warm-season
heavy precipitation episode over the US
Southern Great Plains: data assimilation and
microphysics sensitivity experiments”, Tellus
A 2013, V. 65, pp.1-26.

G.T. De Silva, S. Herath, S.B.Weerakoon and
Rathnayake U.R., Application of WRF with
different cumulus parameterization schemes for
precipitation forecasting in a tropical river

[2]

[3]

[4]

Volume 1, 2016



T. Davitashvili et al.

basin, Proc. of the 13th Asian Congress of

Fluid Mechanics 17-21 December 2010,

Dhaka, Bangladesh, pp.513-516

G. S. Zepka and Jr. O. Pinto, “A Method to

Identify the Better WRF Parameterizations Set

to Describe Lightning Occurrence”, 3"

meteorological Lightning Conference, 21-22

April, 2010, Orlando, Florida, USA pp.1-10

Y. Yair, B. Lynn, C. Price, V. Kotroni, K.

Lagouvardos,; E. Morin, A. Mugnai and Llasat

M. d. C., “Predicting the potential for lightning

activity in Mediterranean storms based on the

Weather Research and Forecasting (WRF)

model dynamic and microphysical fields”. J.

Geophys. Res., 115,

J. S. Kain, “The Kain-Fritsch Convective

Parameterization” An Update. J. Appl. Meteor.,

2004, 43, 170-181.

E. K. Gilliland, , and C. M. Rowe, “A

comparison of cumulus parameterization

schemesin the WRF model” . Preprints, 21st

Conf. on Hydrology, San Antonio, TX,

Amer.Meteor. Soc., 2007, P2.16.

W. Wang and N. L. Seaman, “A comparison

study of convective parameterization schemes

in a mesoscale model”. Mon. Wea. Rev., 1997,

125, 252-278.

[10] L.-M. Ma and Z.-M. Tan, 2009: Improving the
behavior of the cumulus parameterization for
tropical cyclone prediction: convection trigger.
Atmos. Res., 92, 190-211.

[11] S.Y. Hong, J. Dudhia, and S.H. Chen, “A
Revised Approach to Ice Microphysical
Processes for the Bulk Parameterization of
Clouds and Precipitation”. Mon. Wea. Rev.,
2004, 132, 103-120.

[12] B.S. Ferrier, Y. Jin, Y. Lin, T Black, E. Rogers,
G. DiMego, “Implementation of a new grid-
scale cloud and precipitation scheme in the
NCEP Eta model”. Preprints 15th Conf. on
Numerical Weather Prediction,San Antonio,
TX, Amer. Meteor. Soc., 2002, 280-283.

[13] Y. L. Lin, R. D.Farley, H. D. Orville,“Bulk
Parameterization of the Snow Field in a Cloud
Model”. J. Appl. Meteor., 1983, 22, 1065-
1092.

[14] Z.1.Janji¢, “The Step-Mountain Eta Coordinate
Model:  Further Developments of the
Convection, Viscous Sublayer, and Turbulence
Closure Schemes. Mon. Wea. Rev., 1994, 122,
927-945.

[15] Z.1. Janji¢, "Comments on “Development and
Evaluation of a Convection Scheme for Use in
Climate Models”. J. Atmos. Sci., 2000, 57,
3686.

[5]

[6]

[7]

(8]

[9]

ISSN: 2367-8941

299

International Journal of Environmental Science
http://iaras.org/iaras/journals/ijes

[16] G. A. Grell and Dévényi, D.“A generalized
approach to  parameterizing  convection
combining ensemble and data assimilation
techniques”. Geophys. Res. Lett.,2002, 29 (14),
1693, doi: 10.1029/2002GL015311.

[17]J. D. Duda, “WRF simulations of mesoscale
convective systems at convection-allowing
resolutions Graduate Theses and Dissertations.
, 2011. Paper 10272.

[18] J. S. Kain and J. M. Fritsch, “The role of the
convective “trigger function” in numerical
forecasts of mesoscale convective systems”.
Meteor. and Atmos. Phys.,1992, 49, 93-106.

[19]1J. S Kain,., and J. M. Fritsch, “Convective
parameterization for mesoscale models: The
Kain-Fritsch scheme”. The Representation of
Cumulus Convection in Numerical Models,
Meteor.Monogr., No. 24, Amer. Meteor.
Soc.,1993, 165-170.

[20] S.Yavinchan, , R. H. B. Exell, and D. Sukawat,
2011: Convective parameterization in a model
for the prediction of heavy rain in southern
Thailand. J. Meteor. Soc. Japan, 89A,pp. 201~
224.

[21] A. S.Monin, A. M. Obukhov,” Basic laws of
turbulent mixing in the surface layer of the
atmosphere “Tr. Geofiz. Inst.,, Akad. Nauk
SSSR, 24, 1954, pp.1963-1967. (in Russian).

[22] S.Y. Hong, and J. O. J. Lim, “The WRF single-
moment  6-class  microphysics  scheme
(WSM6)”. J. Korean Meteor. Soc., vol. 42,
2006, pp.129-151.

[23] A.E.Cohen, S.M.Cavallo, M.C.Coniglo, H.E.
Brooks, “AReview of Planetary Boundary
Layer Parameterization Schemes and Their
Sensitivity in Simulating Southeastern U.S.
Cold Season Severe Weather Environments”,
vol.30, 2015, pp.591-612

[24] 1., W. A. Jankov, M.Gallus, Segal, B. Shaw,
and S. E. Koch, 2005: The impact of different
WRF Model physical parameterizations and
their interactions on warm season MCS rainfall.
Wea. Forecasting, 20, 1048-1060,
doi:10.1175/WAF888.1.

[25] T. Davitashvili, R. Kvatadze, N. Kutaladze,
“Weather Prediction Over Caucasus Region
Using WRF-ARW Model, MIPRO, 2011,
Proceedings of the 34™ International
Convection, 2011, Print ISBN: 978-1-4577-
0996-8, Opatija, Croatia, pp.326-330

[26] T. Davitashvili, G. Kobiashvili, R. Kvatadze,
N. Kutaladze, G. Mikuchadze, “WRF-ARW
Application for Georgia” Report of SEE-
GRID-SCI User Forum, 2009, Istanbul,
Turkey, pp.7-10

Volume 1, 2016





