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The procedure to combine mathematical models with noise data, in order to improve
numerical weather forecasting by statistical methods, is an important and challenging
meteorology research field, known as data assimilation. The 3DVAR approach, state of the art in
data assimilation technique, is applied in this study. The aim of present development is to
evaluate the results of the data assimilation from INMET automatic weather stations and
atmospheric soundings in the weather forecast produced by WRF model. The region of interest is
the South of Brazil. The specific aim is to evaluate the assimilation procedure of two precipitation
events occurred in 2012. This study is especially important, because the INMET automatic
weather stations data are not transmitted by GTS. Therefore, these data were not assimilated by
prediction systems generated by global models, such as GFS, which provides initial and boundary
conditions for regional models, such as WRF. The results showed that the WRF with data
assimilation procedure, reproduces satisfactorily the true synoptic scenario given by GFS model in
the two cases evaluated, and produces better forecasts then WRE without data assimilation. The
thermodynamic analysis showed that the WRF with data assimilation producing vertical profiles
of air temperature and dew point temperature very close to the observed profiles. Additional
experiments indicate that data assimilated from other sources, in addition to the INMET
automatic weather stations and atmospheric soundings, as well as the increases of horizontal
resolution in the integration of the WRF with inclusion of subset, provide significant
improvements in weather forecasting fields.
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Introduction

A technique that represents the state of the art in meteorological data assimilation is the
Three-Dimensional Variational Method (3DVAR). The first applications of this method in
meteorology were held at the European Centre for Medium-Range Weather Forecasts
(ECMWF) in the 1990s. Since then the method has been extensively studied and applied
[1-8]. The Weather Research and Forecasting Model (WRF) is a Numerical Weather
Prediction (NWP), widely used for weather forecasting and research purposes [10]. Currently,
several research institutions and government agencies contribute to its development.

The WRF model presents a data assimilation module |2, 6], which is used to perform this
work. In this research the data from automatic weather stations from Brazilian National
Institute of Meteorology (INMET), and atmospheric sounding data, available from the
website of the University of Wyoming, are assimilated to the domain corresponding to South
of Brazil. In addition the data available from the Global Telecommunication System (GTS)
are also assimilated. Global Telecommunication System 1is the core of the World
Meteorological Organization (WMO) responsible for providing meteorological data from its
member countries.

The aim of this study is to evaluate the results of the data assimilation of INMET
automatic stations and atmospheric sounding stations, generated by the 3DVAR method in
the WRF model prediction (WRF-3DVAR). This review is proceeded by checking if the
assimilation with WRF-3DVAR reproduces the observed synoptic scenario and produces
better predictions than the model without assimilation procedure. The evaluation is done in a
subjective way by comparing the forecasts produced by the model with data assimilation
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(WRF-3DVAR) to the forecasts produced by the model without data assimilation (WRF).
The specific aim is to evaluate the assimilation procedure in predicting of two rainfall events
occurred in 2012 in South of Brazil.

The study is especially important, since the data of the INMET automatic weather
stations are not broadcasted by the GTS. Therefore, these data are not assimilated in the
forecasts generated by the Global Forecast System (GFS), which provides the initial and
boundary conditions for regional models, such as WRF. Moreover, the spatial resolution of
WRF model (18 km) is higher than the GFS (50 km). In order to evaluate the performance
of the WRF-3DVAR to southern of Brazil, were analyzed meteorological fields and
thermodynamic profiles of the atmosphere.

1. Material and methods

The INMET weather station network supplies data to WMO’s World Weather Watch
program via the international GTS network providing information to national meteorological
institutes worldwide. However, the data from INMET, used in this study, are not broadcast
by GTS. Therefore, these data are not assimilated by global model which provides the initial
and boundary conditions for WRF. In additional experiment SYNOP, METAR, SHIP and
BUQOY data available to WMO members by GTS were used.

The conversion of INMET weather station and sounding data from ASCII to LITTLE R
format (format required by the data assimilation system of WRF) is done by script wrote in
FORTRAN programming language, specially developed for this purpose.

Numerical model is integrated using 35 layers vertically in hybrid sigma-eta coordinate,
horizontal domain of 188 by 112 grid points in the east and north directions, in Lambert
projection for two spatial resolution: the coarser domain for 18 km in hydrostatic mode and
nested domain for 6 km in non-hydrostatic mode (time-step 60 s). The boundary layer
processes are evaluated using the level 2 closure according to Mellor and Yamada [11] and
the soil model was formulated as five stratified layers. Precipitation process considers the
grid scale scheme including parameterized cloud microphysics. Sea surface temperature, fixed
during integration, is obtained from monthly climatic data. During assimilation procedure a
2 hours time-window is applied, centered in the analysis time.

The cases elected to be simulated in this research, include two rainfall events occurring
in south of Brazil, caused by a cyclogenesis associated to a cold front with strong baroclinic
instability. The first case has generated large amounts of rainfall associated with cyclogenesis
on September 18, 2012 and occlusion on September 19, 2012 (Case 1); and the second case
has generated rainfall amounts associated with cyclogenesis on November 22, 2012 and
occlusion in day November 24, 2012 (Case 2).

The variables analyzed are: 6-hours Precipitation Totals (RAING), 12-hour Precipitation
Totals (RAIN12), Reduction of Pressure to Sea Level (PRES) and vertical profiles of Surface
Air Temperature (TC) and the Dew Point Temperature (TD).
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2. Results and discussion

It will next be shown the results obtained from the processing of WRF and WRF-
3DVAR for the two cases. Regarding to location, RAING forecasted by WRF and WRF-
3DVAR to Case 1, were underestimated and poorly reproduced. It was showed a delay in the
precipitating core forecasted by WRF-3DVAR comparing to WRF.

In case 2, is shown a significant improvement in the amount and localization of rainfall
forecasted by WRF-3DVAR comparing to WRF. The ground truth are 82 rain gauge from
INMET. The Fig. 1 shows the RAING6 predicted from WRF-3DVAR to midnight on
November 24, 2012.

The large errors in RAING forecasted by both, WRF and WRF-3DVAR, led the authors
to investigate the RAIN12. For case 1, the results were similar to those obtained for RAING.
Otherwise, for the second case, the amount and location of RAIN12 provided by the WRF-
3DVAR were quite well reproduced. The Fig. 2 shows the RAIN12 predicted from WRF-
3DVAR to midnight on November 24, 2012.

RAIN12 WRF-3DVAR (mm) 2012:11:24:0
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Fig. 2. RAIN12 predicted from WRF-3DVAR to midnight on November 24, 2012
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Fig. 1. RAING predicted from WRF-3DVAR to midnight on November 24, 2012

A second experiment was performed in order to verify the results of assimilation by
WRF-3DVAR from other source of data (144 SYNOP, 77 METAR, 8 SHIP and 2 BUOY). It
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was carry out for nested grids. A nest is a finer-resolution model run. It is embedded
simultaneously within a coarser-resolution model run. In this case, the parental grid has 18
km, covering the entire Southern Region of Brazil and the nested grid has 6 km covering only
the state of Rio Grande do Sul. The large amounts of RAIN12 near to Foz do Iguagu city,
generated by assimilation of additional data, are in agreement with ground truth.
Table 1
RAIN12 observed from INMET stations

RAIN12 observed
CITY
00:00 UTC 24/11/2012, mm
Porto Alegre 0.0
Santa Maria 36.8
Rio Grande 0.0
Joacaba 2.2
Florianopolis 1.6
Foz do Iguacu 40.2
Curitiba 0.0

It is noteworthy that the location of some core of rainfall on the border between Rio
Grande do Sul and Uruguay and in some cities of Rio Grande do Sul (Table 1) and Uruguay
were better represented in the experiment with high spatial resolution. The surface pressure
tendency is an indication of the direction and development of a cyclonic disturbance and it is
associated to an increase of rainfall rates in low pressure area. The results show that this
scenario was well represented by WRF-3DVAR in Case 1 as well Case 2.

Regarding the vertical profiles of air temperature, TC and TD predicted by WRF-
3DVAR are quite close to those observed in Curitiba city above 200 hPa and from surface to
500hPa in Porto Alegre city in Case 1; from surface to 500 hPa in Curitiba city, Foz do
Tguagu city and Floriandpolis city; and near the surface in Porto Alegre city in Case 2.

Conclusion

The WRF-3DVAR satisfactorily reproduced the synoptic scenario in the two cases
analyzed and the forecasting produced by WRF-3DVAR is markedly better than this one
produced by WRF, in the cases studied. However, RAIN6 was poorly reproduced by the
model with and without data assimilation in Case 1, duo the spin up problem [9, 10|. The
data assimilated from other sources, in addition to the INMET automatic weather stations
and soundings stations, as well as the increases of horizontal resolution, provides significant
improvements in weather forecasting fields.

This work was supported by Coordenacio de Aperfeicoamento de Pessoal de Nivel
Superior (CAPES), Brazil.
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B/JINAHVNE ACCUMMWJIAIIVN JAHHBIX WRF-3DVAR
HA TTPOTI'HO3 JIMBHEBBIX OCAJIKOB
HAJ FOXKHOI YACTHIO BPA3NJINU

B.K.Bex, H. Amaszaxu, D.II. Xapmep

Paccmorpena  mpouemypa  momausm  Ha  BXOJ  MaTeMaTHYECKO# — MOJEIN  JAHHBIX,
COMPOBOXKJIAEMBIX IMYMOM, C IEJIbI0 YJIYUIIEeHUs CTATHCTHYECKUMH METOJaMHU MOJIETUPOBAHUS
METEOPOJIOTMIECKUX TOJEd HpH HPOrHOSUPOBAHUHU IOTOJABI. DTOT MPOLECC, HA3BIBAEMBbII
ACCUMUJIAINEH JTAHHBIX, SABJISIETCS IEPEJOBBIM METOJOM B MOJEIUPOBAHUU METEOPOJIOTHIECKHUX
noseit. I[Toaxon 3DVAR, npumensieMblil B IPeACTABJIEHHOM HCCIEIOBAHUE, sIBJISETCSA COBPEMEHHOMN
TEXHOJIOTHEH ACCHUMUJISINE JaHHBIX. llocTaBieHa 1€Ib OIEHWTH PE3YJIbTATHI ACCHMILIAIINN
JAHHBIX CEeTH aBTOMATHYECKMX CTAHIWI W JTAHHBIX aTMOCHEPHOrO 30HIMPOBaHUs BpasmibCKoro
HAIMOHAJLHOrO Mereoposornaeckoro uucrutyra (INMET) mis mporHosza HOrofpl ¢ MOMONIBIO
monesnn WRE. Pernon uccmenosanmus — roxkuas gactsb bpasuanun. B gactrocTn, paccMarpuBaroTcs
nBa cobbiTust 2012 1., CBA3aHHBIE C WHTEHCUBHBIMHU OCaJKaMu. lIpeicraBjeHHOE MCCIIeOBaHUE
BaXkHO, IIOCKOJIbKY maHHble aBroMarmdeckux craumuit INMET me mocrymaior B rsrobasbryio
TEJIEKOMMYHUKAIIMOHHYIO CHCTEMY W, CJIeJ0BaTeIbHO, HE WCIOJb3YIOTCsI TPU IMPOU3BOJICTBE
MpOrHO3a  TIOGAJIBHBIMEU — MPOTHOCTHYECKUMHU — Mojenasimu, Takumu Kak ~ GFES, koropwie
pacCYUTHIBAIOT HAaYaIbHbIE W TPAHUIHBIE YCJIOBUs JJIsi PETMOHAIBHBIX MOJeseil, Hanpumep, WRE.
PesymbraTer uccimemoBanusi mokasweiBator, uro Mogeab WRE ¢ ucmonb3oBaHmeM accUMUISIIAN
JaHHBIX B 00OMX PACCMOTPEHHBIX CIydasiX YIOBJIETBOPUTEHHO BOCIPOU3BOIUT CHHOINTHIECKYTIO
CUTYaIUIO, TIPeIOCTaBIsIeMy0 r1obaibHoil Momenbio GE'S, u 910 Bocmpousseaenue jydine, deM 6e3
WCIIOJIb30BAHUsT ACCUMUJISIIIUNY JaHHBIX. TepMoanHaMudecKuit anam3 gemouctpupyer, aro WRE ¢
WCIOJIH30BAHNEM ACCUMIISINN JAHHBIX BOCIPOM3BOINT BEPTHKAIbHBIE MPOMUIN TEMIEPATyPhl U
TOYKM POCHI OY€Hb OJIM3KO K HAOJIIOJAeMBbIM. J[OMOJIHUTEIbHBIE 9KCIEPUMEHTHI MOKA3bIBAIOT, 9TO
ycBaWBaeMble JaHHBIE W3 [APYIUX HCTOYHUKOB B momonHeHmn K gamabiM INMET, a rtakxke
yBeJINYeHNEe TPOCTPAHCTBEHHOTO pa3pelleHns M0 TOPU30HTa m npu wmHTerpupoBanun B WRE ¢
BKJ/IIOYEHNEM  [JIOTIOJTHUTEJIbHBIX ~ HAOOPOB  HPUBOAUT K  3HAYATEIBHOMY  YJIYIIIEHUIO
MPOTHO3UPYEMBIX HOJIEH METEOPOTOTHIECKUX BEJIIMINH.

Karoueswvie caosa: accumunayus dannoix, SDVAR, WRF.
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