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Abstract

Usi ng t he Nati onal Oceani c and At mospher.i
|l nterpol ation data assimilation system and t
Advanced Research Weat her -ARNy e aregh oamrada dhiordeed g
of assiandiviaantciendg t echnol ogy mi cr owtanva&c ks oiumfdrea r

soundersa(e@rlilS)t e datpa ednocvperre ntihpei t Taith eotnan Pl at e

was evaluated. Four experiments were designed
experiments wi t h di fferent dat a sets i nject
conventional aadta ATMS8dsat ebmbi eatdi on of conve
The resul ttshe hmmaretdhlIltyhamean of precipitation i ¢
and shows an orographic bias described as an

an underestimati on iThe rainshadow mainty mfluented prddietiomod i n b e
the quantity of precipitation, although the main rainfall pattern was well simulated. ke f i r st
2hoand I-lasur 2ac cdailyjnprdcipitatiendhe model generally overestimated the

amount of precipitation, but it was underestimatedhm heavy rainfall periods of-3 1316,

and 2225July.The observed water vapor TciobnevteaynawaRslea tferao
| arger thanuilmttitoensmodvenli chi mnduced 1 naccuraci
3i5July. Thedat a as sk me aparecaldristhe ATMS s s i miwera tlases to ,

the observations for the heavy rainfall process than the cortiwdrall, based on the

experiments in July 2015, the satellite data assimilation improved to some extent the prediction

H
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assi mshatwigocemhon a.l

Key w®Rrads ance

dat a

shifti

assi

mi

ng

| ati on,

GSI

of

Ti

bet an



48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

1l ntroducti on

The Ti bet ani sPltatee ahui ghfePs)t and | argest pl at eze
centr al Eurasi an continent andovetramgs ainn atf
approxi matel y 2T.hse nTiPl lhiacsn aknvari ety of topogr :

gradient and Its steep moweshi asrangemdntg.ned

modi fication causedébstentehd orciad g ead moerpraasisrec c i

strong | ocal convection t o ari se, easily I n
wi ndstor ms, haiMastsarcmmn,dl a8 ,;ad6aone( al ., 2015
of the lkey fvariamder standing the hydrol ogical

on the regional and gl obal circulation that a
Gao, 1979, CCadmambonalkil,i aka8xm20hhe R0l MmMaki nNg acc
and -l eamd weat her forecasts at high tempor al a
scientific significance but also addresses th

the variable weatpkex coediraionoragdapmghym t he

popul ated region with few conventional obser
met eorol ogi cal data | eads to great wuncertaint
devel opmenetri cfal nweat her prediction ( NWP) mo d ¢

At mospheric Research (NCAR)G6s Advanced -Resear
ARW) model , of fer opportunities t-soparnsper orvesg iroe

NW model s can be initialized with and | ater al

n
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for better describing atmospheric conditions,

(Maussion et al., 2011).

Satellite radianomestddtmpoanraeandonebeskervhaei omn
directly assimilated into data assimilation m
geostationary satellite data have continuous
satel lliet ¢eshecieracrt h twice a day to provide gl o
vari abl es, such as temperature, pressur e, mo
suggested that the assimilation ofves avealtlhietre
forecasts (Eyre, 1992, Der bFar almadnngiéer, pL 8 @8Bc¢t

satellite data are even mor &a@roud oicanly .telaastalcagn
studies have also indicated that the effect
product s was better t han only satellite dat
performance of satellit&readdh@angespssemsl asi o
DA method is stildl controversi.adc hiwaAou zetetala.l,
was the first to assimilate microwave radian
using ensemble Kalamdh tthéteeslIENKFshowed t ha

radi ances overall make bettefThéonegasigeof nfTy
al so appeared and it I's mainly contributed toc
boundadytcons within the regionadundbdbmamnseaWeat

covage (Kazumorii et al ., 2013) .
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The advanced technology mic#rowake i duraderd
(Crl S) are two instrumentbe wbBubmihi Ndrt brictrsiaxlgu P
Partner shiap psogaaecrnagf tsatell i te | aunched in 2
ti me sensor data for critical weat hetrr aacrkd c |
mi crowave scanneomlwimndéds 2Rosthaomhet Be channel s
mi crowave soundA)nganudni mi c(rAoMBal e humi dity sou
sounding profiles of atmospheric moisture an:
spectrometer awi tchh aln:(9 ss genddver 9 dlewt ifoaono m nfhrea rhe
sounder (HI' RS) to produce temperatur e, press
assimilated ATMS data in -RapgeEauWepttlhar CEOt & @c
and t hse srheoswieldt t hat di értet @rnsd e rufmerniAa rhcaed tMHEN | Al
the |l onger range over the Nor thNeevrenr tHheerhiesspsh e rse
data assimilation into NWP models overmitthedTP
mo d e | capability for assimilating radi ance (
characteristics i's .sthdrdt wmdodmdicelee atr ey mew ogen
satellite observations, sucheashATMaganadofCrdla$
TP and effectively enhance the accuracy of fo

Il n this paper, we make an assessment of the
data for East Asia on precipirtatihen epgfeditst ioc
satellite data sets injected.
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2. Data and Model s
2.1 Dat a
2.1 Data used for the assimilation
The conventional data which S f (GDM)St he G

prepared BUFR files ¢gopesded CCE. pregpbbat. srel

air reports operationally collected by the Na
It includes radiosondes, surface ship and buo
ball oo)n wipndsaland aircraft reports from the C
profiler and US radar derived winds, Speci al
and atwmosespalkrcol umn water (TCW) retrieval s, a
Environment al Satellite Dat aThedr d mdrotrsnataaon
pressur e, geopotenti al hei ght, temperatur e,
sea(.Nati onal Centers for Environment al Predi c

Depart ment of Commer BBIEEP 2ADB, Gupbatedppdar | Wi
We at her Observations (PRERBURRI Mhgr mat ) , May 1

ATMS and Ce |l Sadcdiadredd i tat &EDABEGI ahsosfiomttile
format . Al | of t hi s htctaps :b/e/ wivavw m laat @sdéeradoadderl g onv

dat a/-dnatded e tda/a@lso bmaslly & #ie aors

2. Da2a used for the evaluation/verificati on


https://www.ncdc.noaa.gov/data-access/model-data/model-datasets/global-data-assimilation-system-gdas
https://www.ncdc.noaa.gov/data-access/model-data/model-datasets/global-data-assimilation-system-gdas
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Observational precipitation data from the Nat
of the China Meteor ol ompisc auls eAld maisn itshter attri wtnh (
with the mddhel Or dAulA eholghhti on gridded hour
Precipitation Analysis (CMPA) data gauge, wh i
provided by more tlkRanhe&80, 0@t aan® mavi tdd whe
At mospheric Admini stration ( NOAA) Climate Pr
precipitation product (Xi e & Xiong, 2011, Pa

verification tomelvatliuva€endthektnsordge |t sd topogr a

terrain characterizing the TP, satellite pre
especially needed. CMORPH product makes wuse
have oé&riewed from | ow orbiter satellite microw
| R data with spati al propagation features. S
Tong et al ., 2014, Zhang et al ., 2@18) | ihtaew €
precipitation data sets in the TP area with t
suitable product to use in studying precipit:

Octobe?20@2904Tropi cal Rai T BWI Mwelatsiusraitnegl | Mit ses il
Anal y stiisme eradsearch 3B42 version 6 (TMPA) and
hi gher correlation and | ower RMSE than the P
|l nf or mati on using ArtRSIANN)ITMVERERdur abhl Néet mer kv e

( TMPART) over the TP(Gao et al ., 2013) . Of th

y
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(i .e. TMPA, PERhSe AGINgbaalndSatel |l iteGSWadpPpi ndheof
CMORPH product wieslo | thieorhi & e &tm) €t aenv ema mtgu r €
precipitation pattern (Guo et al ., 2014) . Tong
wi d-abkgd high resolution satellite precipitat
CMA dadma)t lmee TP durDencge ndbaenru a2rOyl 220016t 6 s wort h n
CMORPH data had better performance in depict,|
TMPART and PERSI ANN at both the plateau and |
coclusion that the high resolution CMORPH dat
coherent phase pattern over the TP and better
precipitation compared with TRMM 3B42.

NCEP Final ANnaldpsias waBN used through dy nami

moi sture to illustrate the transportation of
21 . Badi ance data quality control

As the quality of the observati oinmdt rduantean tiss
station positions, or human factor s, carryin

necessary (Hubbard and You, 2065)e.p Befadrig yd a

procedure was applied thetlIcS&S] satysltleimt eanda doir a
NOAAOGS Satellite and I hf oBenaitd @ attr ¥d atrd | Iof eNi
summari zed to sever al guality control (QC) c

¢
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observations or i nfés$at eaTthheen dleatva i d emdf iqdueaniciet yo
found in the section 8.3 radiance observati
| nterpol ation (GSI) Advanced User s Guide ver
(201T6h)e. obskrmambenaof ATMS data ranging from
number of Crl1 S data ranging from 26@6h404&ttao ha
passed rigorous qualityraoaswdsemain tt faerschuotwe d t |
23.-260. 4 %, and 1.3% and 1.6% of Afgoodo observa
separately were retained after quality contro
has 1305 channel satel |l it emirladieadn cceh achanted ,s baute
reduced) (Tatbhe selection of redundant channel
data comes from the similar altitude and <co
Therefore, |l aCgeérS pateéhti ag@ge rafdi ance data t h;

steps. ( BS)hgpopumse tlhe di stribution of the convent.i

where observational data are rare in the TP.
data after quality control, where there is al
the TP.

2.2 Model s
2. 2. XARMRFregi onal mo d e |

NCARWRFARW regional mo d e | associated with th

M N
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(GSdgta assimilation syste+tARWas sused uil hytloiosr
nonhydr ost aetgiuca,t iporni,mimeisvoesc al e met eorol ogi cal
mo d e | domaway Besetedvowi th 12 km (580 ilzoh2 )
spacing. There are 51 vertical |l evel s with a
to cover most of East Asia and the subdomain
whi ch hasivalmeyntsdirmct ur e.

The physmetearipataons chosen for the forecasH
studies of the area (He et al ., 2012, Xu et a

ARW SiMogmeend!| abs s -6() WS cr ophysi csFrdadahmdme(,KFt)h ec uk

parameterizati on, t he Rapi d Radiative Transf
radiati on, the Yonsei Uni versity scheme (YSU
pl anetary boundary | ayer scheme.

The National Centers f&EPEnygilobrame nMftoalecRrsdd
forecast data, which has a hohozontaterealo] uw
as the boundary and i1 nitial conditions for th
fields of d xtperameinmis| dtbhiAQn teeke advanbDOges o
UTC made by CTRHBrpeuTbhlei cAFyS ativaati @ sa:b/l /ewww.onmt dc . no:

accessdanoal/edhatdad e f 0/r gl Hyak I

2. Zh@S3Bbvagsystem and Community Radiative Trans:

M M
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I n this study, we -Valmoseg stemyusevhi o GSI a3 @dat
t hat was 1initial l-ggre ndeervaetlioopne da naasl ytsh es rseg/xstt em |
Spectral Spaltatsitanc a(l S3In)t eat RTEP (Derber and V

Il nstead of the spectral definition of backoc
physicalhisfmactene background err eirosmog@amebastr aj
anistropic gfomdpot mtglaolalus@wnd regi onal forec
and is designed to be a flexible system that
(Wu et al ., 200 2; Pursé&nmnretsyasatem poahadgs) an
through two outer iterative minimization of a

* -0 9" @ @ -(92 /I I (9 I (1)

Whe®és the analysis state can be ca@rcsl ated
the first ggufesemtBGRS pgoomeéuct in this article
/| are the observations including conventional
et(cdis the transformation operator / ferronort.h eBya
means of the two sour cedsanodf tphrei osfh,s edrdvteat:s @inlué i
for the penalty function which indicates the
atmospheric state cl/aanr eleet efrogwnmd@ (Wb imaeg iedn @dé d ma
of the backghdqemdaeinmaoace aadri x of the obseryv
are used to weight the analysis fit to indivi

The devel opment of ffast radi ative transfer

M H
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satellite infrared and mi(cSaownadveer sr aedti aanlc.e,s 1 N
al ., 2007; Zou et al ., 2011) .( CiTRhTeM)C odnenvuenl i ot pye dR
United States Joint Center for Satellite Date
the NCEP GSI system to rapidly calculAhdter sat
ATMS and Crl S data akretec@aldrightonehze tGShpersatn
CRTM 2.1.3 Iltnh thiworstthuf€yadtSi csicragqh st mat2 2t0B& m s wa
degrees), -awddrme 3Wi eevag.t hEach field consists of
of 14kmedi amets (nadihlt tspsa:t/i/ajloirretsnoil sustijoom.)g s f(
The ATMS scans a 2300kmsswathvwgdschh almeh 1 D6
spati al MAEMS! ati omdéfrchandék@azs 8hakmel 1 7s 16Kk

et 2a011.4,) .

3Met hod and experimental design
3.1 Method
A basiby tweo conting@enwpstgbher §éTatdl ¢ o cal cu
(Bl AS) , Frac(thSS$) ,skEqduUi tSacholree Thr eat Score (ETS
(POFD) , Probability of Detection (POD), and F
The BIRAaS1ge: 0~b, ,PewhHiech meaogleresl)t he r at.i

forecast evenbob bbséeheetfiregqarnsy i s defined a

") 3 (2)

M O
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The EFERRnge: O0~1, imdrifcadtessadree:f ra)cti on of t he

occur :

&! 2 @anmy
To compare the model simul ati ockmdmobdelwi ghi d h
interpolated toOdbLdlegaeeongr dathbhaswedhon | inea

3.2 Expdereismgmt al

Four-monkebdng experiments wdhe cCJdmductxepdkr { i
carried out first with an initial time of 00:
was applied on the D01 region dfe tDMAe exyptep u tme
made use of the assimilated D01 and the DO2
condition and made aThBeéd DArexpsti memt awér a
t i me wi ndow of 3 hour s: (1) I aticooghvehei acroalv
observation data onl y; (2) an ATMS radiance
data to the CONYV,; and (3) a Crl S radiance run
t he CONV.

The accumul atiendt epgrreactiepdi tfartonon06 to 30 h and
first-f o-weat yaccumul ated (F24H)f opbroeucri pa d cau mwlna

(L24H) precipitation, respectivel y.

MPp
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4. Resul ts
4.1 I mpact of DA on tome fsopreetciasslt fi el ds of pre
Figure 4 shows the spatiablowpratdecunmuwlfattdde pnr
in July 2015. Mont hly mean prtweopihbhagirandi enh
predicted precipitation tihne tThR, cQad 0dhfaA EBaansis i o
39AN)Tarim -BAAEM2RANAA and JuBQAErs 8BNS nwa(is8 &t/lo
s mal | to be measured (Fig. 4 a, c) . It was f ou
mm, whil e the L2f4rHo ni oG .e(c atsd s2F.asvgmmd per mont h
the Hi maPaA&EB35ANAA was found in the spaeiab di
the Fi(@ursetanding for the F24H, (at)hewafsi rdsutr idnagy
peri @66: 601°UTCyYy to 2'6kuwkOpdUTiIG nally ended in t|
uTcCc'maly to 0WJ:wWI0y.UTTChe3r0ef ore t he (ad)i f(aded eaart v
be explainedutdgatdowshet hebske?2 Hdd mont hly me an
precipitation of which the computi nga)plrhecess
CTRL (Fig. 4 b, d) mostly simulated the mont hl
and sout hwestolnmatmemaugi hhedtfweehet he HiIi mal ayas I
Mount ai-nG3 AEBR2ARMA in the east. The difference
observations (Fig. 5) i ndicated that the CTR
espeéyi aln the southern and southwestern margin

from 500 to 3000 m. The +ARKRWUImMosd e$ u dhgaess tleidmi tt

MC
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simulating the precipitation in moonbéi poesi a

studies (He et al ., 2012; Xu et al ., 2012) .
overestimated (colored red) in the upwlimd of
contrast, the precipitiahioh tleumnmadienkgsddtmal ed
di pole structure. This pattern results in a n

Thehree DA exper i nehnet sasisndmniclaatteido nt hoaft satel | i

calibrate the rain shadow effect and all exp
patterns, varying from 8 to 10 Tmme abwetrt altlhek
statistic97ynmm@O0Q0i 86 O0mm) , 0.52 mm (0.70 mm),

(0. 76 mm) CTRL, CONYV, ATIMSe awmadl uCeRsl Si nr elbsrpaecck @ tv
L24hhi s may be attributed tARW hheavp mys iacnal i npaa

descriphowncover over the plateau surface mak

(Mar teetaual . 2015) .

Figure 6 shows the spati al pattelnsanadc ctolr @ i
scatter pl ot s, i n which montthHrye smheoand 24s hderfa
fevent o. Rainfall events occur over most of t

(BOAAE28ANA where the elevatdioani bel wekt phart
~8l%hits (AG acnodr re€¢tecti ons (D) in the major.i
alarms (B) were spread mainly in the east of

Hengduan amwent ac atsed, 11ad6 c omhntlien g hfeormi~s7s es ( C)

MT
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in the aiesteshempiher TP andi6%cclotuhs eal fmrewibder
di pole pattern in the distribution of the hit
l' i near regression | i nlesod&k(sh obitedt d¢ & a ehwh elrihmr eese) ,

experibmenthsas mprecepttameon event forecasts t
CTRL and CRI S, whi |l e CONV hasThde e8dB%W weisgh si

percentage of hits and corrddt erveejnd st iaornres weeM €

Further more, as the false alarms were primar.i
mi sses in the west, t hiARWs modied | rpatutcer modan
future which-ARANM Mmoaeh pthoWREI ng potenti al in T

Figure 7 shows t he mont hl vy and domai n ave.|
di fferences between the four experiments for
forecasts. The ETS, eE$SSneamds POR vahalreshohldl ic
for these three skildl scores indicates a bett
hi ghegttFi7Tlhy SE(TFRSI7gand PPBPDg.) CONV performed simil :
in ETS an@RFSSpemhdr med the worst. However, a
mostly approximately 1, which indicates the b
ot her expkeromghx srhme tlhr eshol d, CRI'S perfor ms
(Bl AS1l) , but it evolves to have a bettigd perf
mm t hreshonldd PGFRRI t s i ndicate that CONV perf ol

by ATMS and then CTRL and CRI S. Howewvms , b £OtD

MYy
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(1 is perfect) and CONV is worst. The differe
the purpose of the verification, and the resu
di fferent question weewalntts troe falnesovmtert ha@OtveDA |l h
reproducing the monthly mean precipitation i

degrees.

4.2 I mpact of DA on the tempor al di stribution
Anot her measure oédmiperefbowmanhbe daitypy prKeci |
di stri butlad c(afi gbh.e 8s)e.erm fi rFi tghhetaditeaBmen obesreir ey d
heavyi evahBm®d/ dayni npeer oBiBB-101Bl@nAR2J u( Fi g.
8al menetrh&el 4aHmo u n t of ipgwen @sitmihéhtolelle x per i ment s
by 20%, &8Wwd or CONYV, AT MS, a n bth coOnsl t&ff hdehewypect i v
ra alflper i o8ilseyenmns | Wib] NBf 6an@pP25Julayender es(tg rnmeayt ed
shadiTmges )L24 H (Fgo8rbshawtesl a sj) mekeeppatmechmt her
smal |l er di ftdrerendhaxreamMAnge xperi ments compared
F24H forecast-dawppeaer thg ehéect compared wi
forecasts calculate the c3hubatrve@HBpieckepasat
reprtestelded 3hGur cumul ative precipitation forec
ar e contshaeCOBINue exparctmapnhtur ed t he accumul at

precipitation much more accurately (trheadn |tihnee)

M &
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387

performedltheéeswosstl to define the amount o f
precipitation as heavy rain and rainstorm, re
the TP indicating that t5hCk mnysr eoff eow e(compliy aa
0.3% of rain days) ( Wei et al ., 2003) and ref
al ., 2015) , the heavy rainfaldl threshold was
t hi s Asst undeynd i aalmo v e, t he 2 4ashurppraescsiipnigt a20 omm mnearx
the main precipitation region, showing that t
coincides with the threshold of heavy rainfal

Al t hough pireesviaonuds osutrudr esul ts show an obvi ol
in the TP, t heder a pduer cheetgevtyop e @ inlt s ( Fi g. 8) . T
the forecast c a piatb hhdeiatviye spfea fj lotviee f n@ dilsé&ayv yo n
rainfal l-5)wlryi od of 3

Figure 9 shows t he rainfall intensities (
precipitation. The cumul ative precipitation (
for each 3 h st ar3t6i nJgu layt. OF6:00m0 tUhTeC pdewrsipregc t |
rainfall event can be divided into three per.i
with I ess than 0.45 mm per 3 h, foll owed by t
UTC dmulb, with the first peak at 21: 00 UTC o
third phase started at 03: 00 UTC on 5 July a

rainfall pul se around 21: 00 UTC on Bidaoglyl exc
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evident that this rainfall event had a signif

al ways occu2rlr:e0d0 aUT@38(:0000: OBST) . This diurnal va

especially when the heavyqmuaivmafl &Inlt doc wervreend ,n
(LST) . However, the simulated9maxi WAIMB54A@a WD
LST) , earlier than the observations, and can
topography. | nedt hri asi ncfaaslel, isnitneunlsaitty was much

during 09:00 UTC on 4 July to 00:00 UTC on 5
5 July when the rainfaldl occurred. That i s, t
suddeuwr roecncce of this event. Mor eover, the ~cu
overestimation on 3 and 5 July compared with
of the CTRL are far away from the meadsturceadn vbe
concl udeldAetxhpaetr idideeat sar e cl osedut b hhgehaevayo b § at V a

percdomdpar edCWRL hexper i ment

4.3 I mpact of DA on circulation and water vap

According -mentihenedoaowrwadgat st hat Daduirmpnrgo v e
t he heavy Jbaitnftalel rpedmil adBenm rdki fnfodar ent data se
i's well known, adequate water vapor transpor
formati oemct ilon,t hwes wsatsemu ssaipo5J usluyp pclays ei ns ttuhdey , :

aim of determining the reason for the differ
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schemegure 10

vapor f

u X

component

shows

t

(Ve u lzyos)a |

he F24H

forecaswat eorf pr

decroimppmaenltocagft ye ( UY i ona

of (wespdcivfeil d g tmmghi ciotvyar i an edee,d whoirc h

flux compmue api ewigdhdd satanda(dOoOpPODesO®S2H5e5B8WVel §0
400, andTBeO0 epgdifa)yumint side | ength, vertically
| evel and the top of t h ea tantonmsopshpehreircé | vaartde(ra mved [
kg*“md) c amr ibaes en
P 18 10 (11)
The zonal and meridional component of wvapor
1 - NOA®D (12),

an d 1 - NOAD (1.3)

Where ps iIis the surface pressure and p i s
the gravitatiorhl constant ( 9.8 m*s

The water vapor fkogZRhdigvisvregnerbcye (D, unit:

$ +— (14)
where a is the radius of t Hries moalteil t uedaer t ihn
andi s |l ongitude in radians.

According to observations, warm and humid
Bengal eastward by the southwest monsoon. The
warm air, and this rainfaldl evemt3 stuwlryt areds etlt
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rainbelt runs southeast to soutibweautl yandodpae
t he obser vaici)onwsi t(hFingo.delQfar) e s ulhtes s(iFmnugl.at®@d p
considerably | arger bteioam et hdheotheanvwed aomf&al Ju

on this condition reverses. For)tate Ohéf EMTRIOC

observations, the main water vapor flux dive
rainy omneg3d odul vy, which indicates that the wa
observed, inducing the overesti mat i nJ u lHy,wetvhei
condition is opposite. The water ohypeorvad fWwaetr

vapor conveyance from the southeastern of t he
induces inaccuracies in the forecast of the I
for i mproving the heavy rainfall forecasting

To further di scuss the effect of DA on thi

simul ated F24H pbeerpedatdicn FEddtiklbesaoded het

wer e considered. From the spati.al 11dai,st dj b wt,
overestimated the precipitation quantity, esp
FSS skill scores all ranged (boothefmt4d6 nt i @. 4
When htelaewgi nf al | event occurred on 4 July, t he
11b, e, h, k), whil e the simulated rainbel t
sout hwest. The FSS scores for ATMS, aonV iaand
Fig. 11m), but CRI'S only scored 0.36. As the
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467

westward movement of the rainbelt andtbhhe i n:
precipitation experiment spraelcli purdaeri eosnt,i naantde dC
pacuwliarly badl)lHowEvegr, 18CTMSfhad a substanti al
(right in Fig. 1@0n)45) o&(hCd weadNWVwwhi CRI SCTRL onl
Thiresiundi thaes DA deaerd i mprove the heavy rainf:
analysis of LFiigturies 9clasmar 1t hat before the he
simul ation of precipitatioheampsitnfadllly. d&we ltoi
especi AMTM$ whei milation, can enhance model p

t empoirmlicdompar iCToR&EX pietr.m mtemé

5. Summary and discussion

I n this study, we wused diagnostic methods
precipitation distributi omneovieaaviytaes @alkhyaart d at
occurred5Juloyn 301 9. The DA and NWPowema&epeéhtko
weat her forecasts. The spati al di stribution o
shadow effect along the Himalayas and that t
However, the simulated pndeaiapidt actoinoppnarleal twi wa:
rainbel t and showed an orographic bias descr
mountains and an wunder est iAssanlation of sateflite tadiamce s o ut h

also can not calibrate the ragihadow effect and all experiments showed consistently gross
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487

overestimation patterns. Furthermateseems that the rain shadow mainly influences prediction

of the quantity of precipitation, but the main rainfall pattern can be well pred@tedparisons

indicate that the WRIARW model has promising potential, in that the false alarms are primarily
predicted in the east of the TP in contrast to the misses in theTwlest. DA v al i dati on
al so s u ®Aleas & pogitiieaetfect on monthly mearegpitation prediction in the TP
compared with the CTRL to varying degrees. For the time series of monthly precipfagos, H

and L24H padieflg overestimate theoamount of precipitation, which is in agreement

with previous studied) utthaem u o 2 ©hpr ec i pintheeh theamrvayi pfea liold d s
31518l 6andP2Juignderesti mat ed.

To further study nthtehaewundreaiest almatewaeasts and
WRFARW model and GSél ©At ednpa c ¢t a sbay editgsuedident f r o m
that this rainfall event had a significant diurnal harmonic and the maximum precipitation always
occurred at 18:0®1:00 UTC (00:0003:00 LST). This diurnal variation was remarkable,
especially when thheavy rainfall occurred. Although the model can not promptly quantitatively
predict the sudden occurrence of this rainfall event, the DA, especially the ATMS simulation are
closer to the observations for theavyrainfall eventcompared wittCTRL experimats. Overall,
before the heavy rainfall, DA improved the precipitation prediction spatially. As time passed and
the rainbelt moved and rainfall developed, DA enhanced the model prediction abilities both
spatially and temporally |t shoul d bkeemkenghoabtdi thdé and c

of the TP and 1its bl ocking effect on moi stu
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sout hwest monsoon obviously influences the re&

some extent ofansdp attd mdo rcaolh erreecnwcrer enc e, it i s
correction method to enhance the model precinp
It i s conspicuous that the ATMS showed bett

in the case d$tavey.i nRlagstatetdudihas the effect of
and satellite products is better than assi mi/l
ATMS performing better than CONV. ATMS al so r
opaque in the infrared wave band of the spect
mi crowave instruments are thought to perform

rainy days, which may expl aindtwe thetCtRerIS. per f

I n this study, we investigated the monthly
rainfall case I n-ARWemd@fPosuscsalng mheel WRE&ENnd t he
system. Moi sture and dynami ce cothdd yt;i olmewewee re,

conditions are also one of the direct factors
future.
Further more, although the Crl1 S were assi mi/l

the gener al tDAveelfyf ewdr sies croenhtpaar ed wi th the ot

1305 spectral channel s, some of which are re
observations from similar altitudes and cont a
t heorpoDA I mpact. It should take the priority t
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resol uti on channel s. On t he ot her hand, t he

conditions increase the diffnlcwlby odr rsyilrgtao
research on bias correction, guality control,
an efficient role in TP weather forecasting.

I n addition, mo d e | resolution and fpatamst e
affecting forecast quality. | n osteh i hsa vset ubdeye n t ahy
in previous studies of the TP. It would be wo

parameterized schemes witthlre Hiughiegre. mddieglt hee sno|
noted that due to the heavy caVamulad itome baig giel
met hod. Ot her advanced as-¥Yamj |l dyboindteahdi oK

to be tested.
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