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Abstract

Radiative transfed modeloncewut dt he gsoph:

atmospheric thermodynamic state) to the rad

Transfer Model ( CRT M) i s used to connect n
satellite hhdbspevhhor masce Tof the regional W
( WRF) mo d e | with different mi crophysics S
mul tichannel observed satellite radiances
geostati onmawaes atAenlolnigt ¢ htldi schemes, 4(mier pg

Goddard [ GCEnp m&@RFEF [SWSM]aWRF -thomb hte [6WDM]as s
and Morri MORYfweemesgured in the WRF model

event caMe&d bywonhheon the June 1, 2017, in

The results over the East Asia domain (9

produced more cloud cover than observed in
cloudiwepd ayed in the MOR scheme simulation
scheme displayed an i mproved water vapor bu

the excess cord&ms smiaigsmwwo ahiec@eahi gt ki ghdr
cl otuodp al ti tudes. When foculsmngmoaaelTar eesol w
scheme displayed a decent per-byr mdnaamabmgsic
di stribution of high ¢l oudsclwausd tthyep enso.s tT haec

suggested that all schemes required a | onge
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Chapter 1 I ntroducti c

Clouds play a cruci al role in the Earth s
tempe(Kaulreet al. 108 ;o b@di retd( Kla . mamA by @ nk
Arkingl d99hih¢ gl obal model, clouds are a cru
their interaction wavée taei aobngwaovt tBhd Eai

coverage and cloud properties have substant

(Meci kal ski et al . a2@06&,eve®i( €glwefath bdta tadlt A2

regi onal | eeweall .u aTlth enrge froarde,ati on i s vital i n
The observed rain is a typical evaluat.i
prediction ( NWP) model perfor mance. Howev

condensation of wgat ear swamorstt-p tad iegwed toibodn
Therefore, obtaining information regarding
an essential step for the evaluation of t
combines the macrophysicall @mdcesse(sTroif pdlhie
et al . 1989; Tao et.Hawev2009t hsalNWP ebdal .
resol veubeagtrmadnpheri ¢ protesbebensechnashed
and cloud mi crophysi cal processes, wi t hi

parameterization methods were developed to

schemes ar e usseudb pgoroicge pisne sNeWPt ntohdee|l si mul at i
parametrizati on met hod may have slightly
coefficients in the microphysics schemes, a
will affect tihhmureasubdbns. ofThemosellesti on of t



schemes has been demonstrate@dJaokbavet valki o

et al. 2010; Otkin etThmdef QO®8;t ICe ntalnieda teit
di fferent parameterization schemes in the n

Conventionally, the performance of a nume
avail able observatioinens,susdumdi nsgurdatcae, od

thermodynamic fiasliduseHowevens obhethe conv
atmospheric profiles from radiosondes or

cumul us clouds, empwveali naunflf iscpetnital t di str

comprehensive validation of the performanc
satellite technology have enabled consi sten
using satebklitde. sTmead aftoon peaebfppaimaths ec ad

evaluated by comprehensively using meteor ol
measures reflectance and radiance are in t
reresent the reflected and emitted radiatio
specific wavelength range. The radiative Qq

geophysical variables produced byat her  NWRT It

To evaluate the performance of the NWP m
typical met hods are commonly adopted. One o
refl ectance and radiancesuth &astnrRitenospbeopp
temperature, c¢cloud characteristics, and sur
data to analyze the performance of numer i ¢
properties, preci pihtatmoarlynaand astBRhasgbRamoed

1996; Schaaf et al . 2002 ;. HeVwedprper thealet D

2



may solpoesed gridbl em, which coencwmess moared cn
uncertainty in the retrieved product s. The
perform forward calculation to convert t he

simul ated observationmodbgisanekliicfdovwalreadtti

1991; Chaboureau et al. 2012; Greenwald et
et al . 2015; Zhang et aThi s20melt; h eCheatbieosu r tetaaiu
fewer computational resources -mngde davoo rddi ttil
the retrieval al gorithm. Because the radi
properties, profiles of gfimdeémboephetdc ean
met hod, is an economic and efficient tool

formati on, mi crophysical pr op erpPtiinecsu, 0 Géht,d ail

Otkin et al. 2009; Liang et al. 2009; Bedka

Studi es on t he characteristics of t he n

typically comp-brnedd wr abd®argbiotuindgo |l aat el | i te
observationnforomat aiom ©mer ainf all because ¢
sat e(lRohteest al . 2017; MatAdwianectesali.n 2s0alt6e;l ILii
hi gher spatial, teempolrat i, omndb s ardy atmed malc
resolution NWP model simulations can more r
For ex@rmapslseo, etusald. s 2wl @&t ed satellite i mag

of Rehgei onal At mospheRAMSNMAed! iamgd 3 ydsetngt mifni e d
mi crophysi dalnkowuteit,nceash.d u dt2ddl 1 8 s iemudliaftfieorne
mi crophysics schemes for the atmospheric ri
for di fferent miL¢ mo p hLyisni,c se$ e dd letnheeg 20i2M@Y | at

observations to evaluate the performance o

3



Tai ®amentral Weather Bureau gl obal forecast
with MRTad@ntii fi ed character i svtaioc :to fasteldg L&
FY2E to evaluate the performance of the <clo
using a single microphysical scheme, and tF

tyes over mainland China.

To evaluate regional NWRp anotd ewe &t maid att loe
grodnmded radar reflectivity or rain gauge
reflect the | ater stacdeoramert ledg afgien alf rtéiseu ly
whi ch mafcoocawrssd answer beéesiausatiodn wrAnrgairref
go through all the stages, such as convect.i
t he model siomulmedeosns adroielsy ncapture the ¢l ot
occurs before the onset of Chruenai peitt. sbold. @ In( 2h0.

evaluations of c¢clouds should not neglect th

The main goal of this study was to eval uc
i n the East Asian r elgiitoem iuma gqugs .muA ttiycphiacnanle |
Me-¥u , was selected for our <case study. The
satellites with high spatial an8l 4a&tmglolriatle r
was producedil agiimg tohme psat mfrom the WRF mod:¢
Radiative Transfer Mo d e | ( CRT M) forward mo
affected by the <choice of the microphysic
temper at ur e o(uBsT ) miucsrionpgh ywsarcis schemes may pl

regarding the characteristics of these micr



The remainder of this thesis itdheormpgearciiped
event ,¢$ &dNeWR t mahdnedlh,e rolede s@h edtienrt ee®dtdhueadi at i v e
transf gr Ca®RIIMelt he cloud clasdifheaveonf i meat
Chapicemnttema sresul ts that i ncl udiwag etrhaanagpmoal,
the skoff leschrel ptu@bh&gpupersar i ze st htade eebfeemnt «

at the present stage and future worKks.



ChaptCa®e?22cr MotdiBetna pba tSaur ce

AMe-Vuf r @wvtewnhti ch accompanided i mgalyRelr @fuanfe a | |
Tai wanselectedEveryhMaysaodyJune, Tai wan i s
namely, the monsoon system gradually change
to the sout hwesterl y monstolben ifntoew s enc tsiuammea
cold high and the southern warm moi st air
cal |l e¥u,Meiin East Asi a. I'n thi&uresaesar avinj cbu
considerabl e heawnlyhshaoirntf ad el s coevieprt illead wowfe | 1 h &

t he model s adhaltl soebds eirnv atthieo nsst udlye wi 6l | bwi mnagt

2.1 Selected MeYu Case

This front al system began to affechgdai)
precipitation to the mount ai noulsurleeogiadn st ionf

Then, the front approached the off 2arga rcef

1) . Notesthatont nd pgpdhe frontal system remain
making the actual rainfall time delayed by
hourly rainfaldl of over 80 mm had breenTloés
foday @&unaeccumul ated rainfaldl in the centr

1,000 mm in many places and caused fl oods,

2.1%yno\Wwaatcher

Through the meteor oluwrgiint@lJ wd eed ales tolf a tE aTsat

front -loRPa at hidglhe under a di ve-h®&n gudheitd d roew

6



5 , and close to a convergen@85bP@wg?2aeswd hb
t hese atcnoonsdpihteirons and high equivalent pote
have an wunstabl eah et hfoasvpohmehsbfiageront he desel op!
mesoscal e convecPtriewe osuyssateetnu d(hNe&)z.edse and
resul ts|f ggi@O LA Moret i ci Dgnitqoat bgewmadsidE

analythe devel opmenfTuoét t bfko affad 6 thée) boywdntdeam
] €tMBLWh)i ch maiustewr ei st raam sipmpadt hlaead v yf acca soa f a |
Lupo et Bhvegqt2iod®t)es the sensitivityngf Wi
configuration aB8tdocmpsemenpattonbedl par amet

and indndepgeatent s8RBWetchhSdPdPiTyY & ae mtf al |

Accordijfn(g@otl®), the sotea@Tatn oRe pefritoli s f
system is due to the strong northeast (sou
and the southwesterly wind brings ad droe atth
frontogenesi s along the north side of t he

sout hwesterly wind so that the frontal syst

2.2 EvolCohveatkPdencignd ati on

I n pr eviieosu,s tshteufds omotvcittnogw & B bW at nhMe-Hu s eason
may changeataemdd Wleected eenhanced as c e(nYdeihn getmoat
2004, Gend®Adadt4)nadrdryai duef fteoctt heand subtr o]
monsoon often farremesara Tsdlivwoarig awli .nd20,2a0d Kbee
atmospheric cohMde¥Yu osseagdamr i aft enechuasv ef otrh et
devel opcnoemnvoenther ef ore, duringutheontamnsni fTao

mesoscal e weather phenomena ar e osfytseoné tmecnc o r



accompammes owicalhe cobOvMdMEB|.ve system

Infrared sadaed |newvealmatglees structure of th
(Ke et al. 201.9;Thvorsedt eeltl iatle-YiRZadsLeawduhahg
front i s a oampmplsexd soyfstmeanm,y cconvection syst
convectivéenhohespbstss)vat i ofmi go6jrtrerae tr ragold o didnceal |
frontal systemoird hraowniam@ Ttloany avikehetnh 1t had s
down andfeotraagmatikte 6s throautrisf or m rainfall ar ea

similar testP8t(para)l ey ac klevez@@0@n syste

The disaster ©6&epNartti ofnrad m STcaiewmacre and Tech
Reduction (NCDR) reported the daily accumul
1600 UTC to June 3 at 1600 UTE€)!|l oBatedei dun
centr al mountainous region because of t he
stagnated in northern Taiwan before noon,
coast area. The rainfaarld aorne aJ ugnrea ddu ad ddy tmoe

central area. Finally, the rain began weake

22WRFAnodel configurations

The nonhydrostatic WRF model (version 3.9
initialized on Junreeel,ne2sOtle7sd adto nMa2i0Onds UMeC.e Tah

t he conf{Figgulraet i on

The model comprised a total of 52 wvertic
horizont al grid resol uteisprexctweeey27Th&, Euwan
Medi-Rammge Weat her-l Floericmst®. ERA I 0. 75A) anc:



conditions and boundary conditions.

The physical par ameteri z athRaomisd uRadi dtni v e
Mo del (RRTMpr badlgavad e r ad(i MItavwenr seth el@nled hilad
shortwaved Dudithe me Y®OBID9 i University (YSU) pl a
(Hong, Nohandt-Kai s@bBb 06y mul u(sk agianr. a@n@0t de)irm uzl aut ¢
scheme siwvd tarilenyd defimaa mMi c2r,.ophysi cs schemes, \
focus for esaebuaweoe per oddeddTbafoGC B gaclt.i n(c
WRF s-imo gileiefic | as s HowW3M;and )L, mMWR R-6dd@upilnfitcel a s s
( WDM;i malkt JYROMoO)ri somMof MORpnNn )stc haellhe s(ba@0 5)
was integrated for 24 hours with a time ste

respectivel y.

23BT fasaobmbblsietrevati on

The Japanes3e shHitmdwarnie data was used as

perfor mance ofl atthieo n me8dHe I nsa @ enreavat i on geos

met eorol ogi cal satellite that was | aunched
operati onal orbit in October 2014, at 35,7
wavelengt hes tto olmR.viBhelspati al resolution a

ne-anfrared bands and( BRe sksnh of oeft h ieanl fo.m &#200ald6d)b & ul ¢
Hi mwar i | mager ( AHI) enabl ed the pemifnoutneasn c
interval. Compared with the previous gener a
Hi mawariso ca&l)l, MThATonboard AHI haod stelrev agdd «
capabilities. The number of O©OMseratvateétoaamldan
the spatial and tempor al resolutions i mpr

obsedaromatsampl es and denser data update rate
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I n this study, four channels were wused t

simulations. These four channels wereithhe &
three water vapor channels (6.2, 6.9, and 7
for instance, t he window c ktaonpn etl e ntpaenr art eupr ree

vapor channels are associ aitfefdemwenfabdiher mod e
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Ch a p t Methoddogy

d31Commu Ratdyat i vieo rTwManddefRd M)

With the atmospheric thermodynamic and dy

model , we can usmodelr aas aanvebseamwafieon op
emi ssi on, scattering, and absorption proces
of the radiance observed by satellite. I n t

condiptrioodnusced by WRF were coupled with a fo
compute the simulated infrared (1R) BT as

Hi mawari 8.

The CRTM was developed at the Joint aCent ¢
mul ti agency research center to Iimprove the
weat her, the ocean, the climate and the env

for a given sensor from $ hendepual ofammoepih

(@)

ondi(thionngs et &lour2mmhl)r modultelseadi ati nel od
process. The Optical Path TRANsmittance (O
atmospheric gaseous. Cloud/ aerosolonmbgulbet
clouds and aerosomentiilwoedodubkbesat mbepberic
acceafumt the absorption and scattering of at

vapor , anpdone ace#/lgtd sé )T(heeugd atec omodul e comp

(0]

mi ssivity and reflectivity for,afnaduri cneaddi m n<

be divided into more different smal | surf ac

~—+

he radiative alrFlanat mosplhdbhiec oadh dietivan < oa

used hGRTM f or wi defb@ammudséednlesldorwss :i s
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2 R " YT — 0 — P RJ [‘)“I A — e (1)

Her e, ToRp Aibgno s pfThOefr adi ance aK isse nsswrrf d cabv ed mi
is vieanglimg tfiurface temperature; eBipiesCaPluam
i s at mospheri @& atnrdbmsmei taawelel i ng radi adhacven
respectivel y. Thdetsaurrmiarceds ebma stsh eewhayoc & si s p

t VR F

3.T2hidandIOn n tfh e AR T M

To gedortrheesponding radiance from the top
pressure, water vapor, surface type, altitu
to cal cul aHewdawer ,| Rt BeTsWRF provi des téati @l o
of each hydrometeor (e.g., mixing ratio of
used directhyCR®M, CRI®M. effective radius and
the optical proPase¢desn fYamros ed ¢ ldbhed YWRFE out p
included the mixing ratio of c¢cloud hydr omet
(Y) was estimated from)caonddnwmaberld ))momaseagd roc

Thompson eanfdolr.mata®dd)as

22, )

Whererepresents thjeaneé nrseprye scefntaitrh.e mi x|
number concentration of cloudadWwater of espewt
and rain can be appr oxi Bathedc-nmbynetntde mbdarme pd
scheme also simulates the number concentrat
by WRF. ot her wi se, a Thfei xceadn svi asltueen tiwovl al | eudee hkt

hydr omet earre pirigbddeges i n
12



The effective radius of <c¢cloud ice partic
crystal mass and ice crystaHomg@deuslan ftolfiR®D
study, we use thy&aboemulpd aondB@®ihiBg dc omcent r a

ef fiaveet radius are given by

0 iETiAﬂI)" iAﬂFpT[ FpT[FpT[ ............................ (3)
U  —— v s s (4)
Y iETp@) T[EXU T[@([)O'- _FUT[T[p]T ................................ (5)
where Icl¥%nd38d=0.75 are constants. qi, ¢the
WRF .
Because imvenedoubnlier ophysical scheme al so
some hydrometeors, the COtahleueseof aN fwaxse dg ivvaelr

based on arametehodaBéfyo(r2e0 1Bs)i ng t he CRTM, U S

met eorol ogical fields at |l evels to the | ay:¢
an average of two |l evels of tempempdmuomst ¢ @
was calcul ated as the |l ayer water content
thickness of the | ayer. The Tadld ieabl es used

3.T3eCl assi biClcaw d on

The bri ghdmetsssr @ edn f f erences (BTDs) bet we
used to obtain information on c¢cloud proper:
BTDs between 6.9 and 10.4 Omtopaherebbtarelas

tapopéabMeei kal ski .Bred aBlescek da h200@@&)mper ature de

13



6.-®m channel has strong water vapor absorpt
Om cHhHannaere usually negative. The BTDs ovel
sufficient moisture to -abmpebatheeesar §gce:t

BTDs bet weenOn6.c9ananbde 1u0s.e4dd t o classify clou

I n this study, the definitions ovfaoeadh ad
(20.BFPDs between 6.9 aingdk Iwoe.rde Qine foifn el de sass tchl a
ot hers were defined as a cloudy sky. Furt
depending on the-l eVeutdecm pwer € hree hriggshent ed
T18&nd 0 K eTvhed mildoud tops were B38midlikgt ed
BTDs betd@ewBR were defined as | ow cloud to

represented the ovenshostraggctondetbpenwrée

3.%4t ati sBvia¢ s Mah b o d

To quantitatively eoefmoldedt eont hdei fgerfeort macnl
categorical verificat henpanewAso.dne nitd oinretdr @d

the typedhas been defined and will be wused

This method is alsoTahbhd4kradwshitntae yc ovmbiira
di fferent cl| cudnudaadd onwd € oewxahtenlpone, f our cond
def i nfind gfhoorc h e @ d , hits (a) represent the hi
observation; false alarms (b) occur when tF
by the observattbe; ompesestse(o0o) &talse al ar ms
oppositelaofthissstady, the probability of ¢

alarm ratio (FPWeR)e cacanmdp btieads. sTchoaesce scores w

14



O/ $ —— o s s (6)

&1 2 s s s (7)
A 3 s s (8)
"E A O— s s s 9)

The range of POD, FAR, and TS aGeepkefweeéen
is 1. It is sensitive to hits(a) but ignore
to false alarms but ignores misses. Uswually
the false al ar m arlastoi oc;alTheed TtSh es ccarie iicsal su
fraction of the simulated and/ or observed e
correct negative event s; Bias is the ratio
observed event s. I f the simulation overest:i

wi || | argéer (Il ower ) than

To quanti fy the etrreormednr eabodnodinidéaE oh et ynpeea,n

error afMBE)Ntroduceadyi mntdhd oprmag dretd sats:

1 % =B f) () S s (10)
S0 B0 e s o P P

Where M and Q are the simulated and observed brightness temperature, respectively.
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ChapdiRes ul t s

A compr ehadnyssiivse odn both the fnopdeéat ehhl t e
technique could aid in quantifying the syst
each evalwuation method may focus on the sp
wetaher field at dimé dtedainél d divaend cse anmfd dihfef er

cloudy or clear pixels are evaluated.

4.1 Conventional Diagnostiof SmulatedMeteorologicaFields

The performance of a numerical model is traditionally wedlifiby comparing
meteorological fields (e.g., 58tPa geopotential heights, surface wind, surface temperature) to
available observations. In this study, the simulated-'#®@ geopotential height field and
temperature field, the neaurface 2 meters tempénee and 10 meters wind, and thet&sur

accumulated rainfall were compared with observation or reanalysis data.

4.1 SyMetpeadrcoH efgdcal

Fi g8dies ptlda ywse at hatebr0 dhPaar tg e 0 p oatnedn ttieantp ebreait guhr
of NCEP GFS 1 deFgirgadsrhet wdetghee508ntHdPa geopot
temper att wirceurf i ®ilmMul ak mones.olfQaeipene0 F eanal ysi
toen four ®i0%kunh arte soonke s s h aefatineo deil mu lcaatpitounr e t |
troaghwestern PacificThaedspbheiftidhgBtthgdregl

10&Fi glb}ad so revealed that the moisture was

On theother hand, when examiningvind (10-m) and temperatur-m) fields near the
surface (Figure 12, Figure 13), the model properly represents the wind shear and strong

temperature gradient over the western Pacific associated with the frontal systertihhough

16



the quantities are different between reanalysis data and moddhsans Overall, when
examining the performance of model simulations at synoptic scale, the pattern and distributions

among the four different MP schemes were similar to the reanalysis field.

4.1.2 AccumulatedRainfall andRainband

Figud4eél ustr at easn allyds oaslrs earcvceudnul at é dmo s n i
the di st r iheiapiryerc i qefir totainedo mor t her n Tai wan and
I n ewveRsitgud ¢l ustrates t he-hmadelacsiumull attieadn r
four microphysical schenfehse trheastulhta vseh oswismitlha
using GCE, WSM, génddeyMGR i mat e t he eegxit rTamaeavam
However, only the simulation using the WDM
The underlying reason may be that the si mul
bands. Furthermore, tbeghleputapt of ecdatcthe si a

and southern mountainous regions.

4.2 ComparisorBetweenSimulatedand Observe@Ts

| rhipsar timot-kd at el | i toawi d \ a Ibwea dpieordoat d me & g
the simulated antdempereatvierde sb.r i Qhhd neeasrsi f i cat
channel and three water vapor channel s whi ¢
at mosphere. Further, a cloud classification

of di fofuedr etnytp ecsl.

4.2.1 Atmospheric Window channel (10.4¢) BrightnessTemperature

17



Figurel6to Figure20displaythe images of observed and simulated Hima®d0.4' &
BTs indomain 2 fromJunel 1800 UTC andJune2 0000, 0600, and200 UTC. Himawari8
10.4* dachanneis a window channehatcan be used to detect cloud and surface feaftwee.
position, cloud cover, and temperature at the bottom layer of the numerical anedelicial

because the window channels are sensitive to temperature and cloud properties.

In the 6, 12, 18, and 24h modelsimulaton, the model run usin§lOR resulted in low
BT covering with too much high cloud the domain. The remaining simulat®resulted in
similar distributiors, but some smakcale cloud weredisplayedin the model run using GE
which causedhe imagesto be a little grainy. To better illustrate the difference between
simulated and observed BTs, the brightness temperatdezedite BTD; simulaed BT-

obsered BT) is shown inFigure21to Figure24.

On JuneOO@TH XRour s i,mithlea tB ToDi Joomho deelll s ol ut
exhi bppeatxeddyck!l d bi as at ,t hwehiEahs tmaGh ihnaav eS e
by overestimating the <c¢loud cover or. by
Furthermbeemovementsmoypetbhlei ghbhygothakraytewairm s
at mbepic factoflbemdgprbisasnuBBs i on, valid on
t he MOR scheme displ ayed -hsoiumi |sairmuclhaatriaocnt.e rA
half of the MOR D02 displayed a csl thubatbsol
The simulations wit hdiGsCpEl,anpd3tW, e da nrdaiVD Mc | o 1
Howeaeol d bias over the south ofr ewiptlas atnlde

modmdy generate an excess of c¢cloud pixels.

Figabde spl| 8Bfle hi st ograms of the probabili:
mi crophysical schemes model si mul atv alaisd and

June DO0atUTKR® BT histogram ftoowmseod BiMsthe

18



suppression of the error cTahues eodb sbheyr vt ahtei owesa t
t he hi ghest probability of occurrence occ
simulations with fourplmdyead pthhyes ilciad h esxcth eprecs
The BT of the window channel was >285 K, wl
the maxi mum probability of occurrence appea
underesti matopeli g hte @d otuldat t he surface temp
of <235 K suggests a high cloud case. A hi
four schemes, suggesting an overestimati on

MOR scheme.

Furthermore, results indicated that the p
BT distributions. When the BT was <270 K,
overl apping. The design of WSM andiThWDMeamudé
valoildne 201@@MagqFi g2Bwhi ch i ndicates that MO
hi gh c¢cl oud c ovlehre oovbesrerdveendaipmr i2nary maxi mum
WDM, and MOR. Hewevem, wihd mM®OR under esti ma
occurrence. However, t he model run using
occurrence of the primary peak, but the cot
simulation witha®SMdMemods WDaMt emd to have a

probability of occurrence when the BT was <

4.22 BTs inWaterVaporChannes

The water vapomoicfiamfinerl st tcvoennt iad.@si galytei t ud
Three water vapor c¢hadnnsedish ¢uesreedn ti nv @ rhtiisc alt u\
(Wu et aThe XxiHDOKRwoedieght i ngarfaitnhceg i pnes odr e |

approxiBmat alb@d®0 wiP&h 2, 6. 9dr e dtnidvtehliys. sec
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the observed brightness temperature wil/ b e
error ( MARBN dmneds Becausé¢ MBE¢ . wei ghting at |
verification used the BTD to remove the in
bet ween 6.2 and 6.9 and betWweeerl 6-bh8&damdwdt
vapor, respectivel y. The wverification was

observed simultaneousl y.

Figa@espl lye r elsewletl owatrneirdvte @apsér t he numbel
pigels similar for aB@EE cWakMs arhde Whikesstt oMA |
the mhadei heos] mul ati o ewnlirengr MODIRXx dhlas whi ch
by too much c¢cloud cover. The MBE shawpedahat
i n the model .UTdhienhegahth wsat lese naeraep airlflirups@urdatt e
MAE indicates that the models run using WSM
MOR resul tli glhesrpl MMAEBRa@adnt esi mulladt i on, wher e
di splayed a | tbhbwar MABHedf tsémud a8 i on. The MBE
a cold bias. The simulation using GCE displ

for bbtdlketvbE -laemvdelmi dwhi ch may result in a b

4.2.3 Evaluationof Cloud Typesn Model

Fig@espl bpequency of edal® @dOlbdtu dO Ot OyOfr BU TvQa |
hr si muhetblomg .bar rsogr & heen todh stelrev artd@ ol tand
the simulation with diff er eattehrd tcamsoopdheybks ircuanl
overestimate the frequency of cloudygngi WEMS
too much c¢cloud cover mi ght be causedaby ov
excess ofwahgirgohd uccleaddu dMoOniRpdavr ¢ hoeb setrivo R or t he r

valdiudhe atO0AAIKFi(gldl2ehr si mohatioerpjuency of t
20



st l |l oveampavi ddth e e d b s.e rTvhaet i sonnsMiD Brteivoena | st |
still overedtvmat €d oulde MoglkRover,-lehetduodtel
I's presented in the si®&GEat WBM, uandg WBMMRad

frequency of thowrclsdumud aa fi toenr-hc@dmp asriendu Iwa ttiho

Fi g833le s ptlhaey ss ksiolf | st sn@edbrae doh fewreht schemes

tymee June a2 00RTOCId clarify the relationshi

(7]

mul ation, thel bopasasseesewwashesetthe si mul
underesti mattui-e h ebgygil ibd de itk éeusestd ifto POIDg &) 2 9
demonstrated that each scheme had a satis
i ndicates that the observed cloudy Whents

furthegatiinwgestthe c¢cloud types, the high c¢clou

three clHowaevteype®verestimati on occurred in
score ignored false alar ms. Theref @ompe,i mahe
Si mul Thtei FeRIiwnldti cated that the value of each

that at l east 50% of siTmulsatmayg ddwve btes aairse
types wer € hreotT Sc srcadesed .rdesdu llnhogy uaa | hiitgygh per f or
di fferentFicn aluldy,t ytplees .bimbsies cmot @it 6§ bgagesmess t
aruenderesti mate the number of <clear pixel s,
Addi t itohnealbligghhs cdbfouldi f or the simulation usin
t hahe si mul ation generates more than twice
S mi | asarseh ewd!| aht n2o4d e | s irMuWl3dBHed wer,setrhas scor e
|l ow cl oud shows near 0, which indicates the
at-h24 i muHuarttihoer. mor e, the bias of the high <c
the MOR demoncltowd eldi aas hnegadr 3, which i ndi

estimated approxi mately four times the <clou
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4.3 Diagnostic of Possiblelncertainty

4.3.1 Sensitivity onHydrometeorParticle

A considerable amourdf high clouds was displayed in the simulation with the MOR
scheme when verifying the performance of BT. The different hydrometeors were examined
because the distribution of hydrometeors may affect the simulation d¥igdre34 to Figure
38showsthe mixing ratio distributionvith heightof eachhydrometeorsor four microphysical
schemes. In particulahé probability distributions of QFigure 35) indicated that the WSM
and WDM displayed similar performance. The GCE indicated that the highest mixing ratio of
Qi was approximatelyi8@3 km but did not perform with the lowest BT. However, the MOR

tended to generate more cloud ice at higher altitudes.

4.3.2 SensitivityOn the Cloudtop Altitude

The simulation with GCE had the highest mixing ratio of Qi but did not cover the lower
BT in the model domain. However, overestimation of the high cloud and a higher Qi at higher
altitudes were demonstrated hetsimulation with the MOR scheme. Therefore, we assumed
that the overestimation of the high cloud with the MOR was affected by the distribution of Qi
being too high. To verify this hypothesis, a sensitivity test experiment was designed to examine
the influence of the vertical distribution of hydrometeor. The hydrometeors simulated by MOR
moved directly downwards by removing the bottom layers of the hydrometeors and assuming
that the uppermost layers had no hydrometeors to maintain the numbers of \w@rtisal The
experiment was designed to compare two parts: Experiment 1 was "Qi only”, in which only the
height of the cloud ice was controlled; Experiment 2 was "All", in which the heights of all

hydrometeors were simultaneously controlled. Because thearurnbcentration (N) can be
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produced with the MOR scheme, it was considered in the sensitivityf kesMAE and MBE

were used to verify the improvements in the high cloud produced by MOR.

Figure 39 displays the pobability of the occurrence of simulated 10:4 G BT. When
lowering the height of all hydrometeors, the probability of the high cloud was quickly
decreasing as consider to remove more layers. In other words, it makes all high clouds be
removed. However, en only lowering the height of cloud ice, the probability of the high
cloud decreasing but still maintamg a certain amounfThe MAE and MBE of high cloud
pixelsis displayed inFigure40, and theresults ofMAE and MBE indicate thabwering the
height of all hydrometeor byi 4 layers led to the largest improvements. However, lowering
the height of Qi only resulted in similar improvements as lowering the heights of all
hydrometeors. The results of two sensititégts indicated that Qi was the most crucial factor

in the overestimations of the high cloud for the MOR scheme.

4.4 Evaluation of he Cloud PatternEvolution

The synoptiescale cloud features and the water vapor channel revealed the performance
of the $mulation using each scheme. The performance of the main cloud band for the
precipitation system event was the focus of this study. The model set the inner domain (Domain
3) to near the Taiwan region where the main cloud band that affects Taiwan the locetied.

In this subsection, the model simulations-&n3resolution are compared with higésolution

satellite observation to verify the performance of each scheme on the main cloud band.

Roebber (2009ilustrated an alternate approach to demonstrates multiple verification
measures: a diagram uses the success ratio (i.e., the valk\BY, hs the horizontal axis and

the POD score as the vertical axis). Moreover, because of the mathematical correspondence,
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the slope of theotted line represents bias and the shaded background represéiiis FGD,

success ratio (SR = IormatteBa&R) , bi as, and TS
43— (12)
AEA G- O Ad e s (13

Figure 41 demonstrates multipl verification measures of simulation accuracy on the
performance diagram. Each figure illustrates the simultaneous performance of various cloud

classification and skill scores

The verification results suggest that the simulation of cloudy pixels is greeuln
particular, the verification results displayed a higher TS and a bias value closer to 1 with the
simulation using the MOR scheme, indicating that this scheme has less deviation and is closer
to the observation. However, this part of the verifamabnly focused on the main cloud area
and thus the simulation using the MOR scheme displayed the most favorable performance. The
verification of clear pixels revealed that GCE, WSM, and WDM overestimated the clear pixels,
whereas MOR underestimated itigbtly after the 6hour simulation. Furthermore, the
verification results of different cloud types revealed that each model simulation displayed a
superior performance on high cloud pixels. The performance of the simulation of low clouds
was initially poor The verification score rises in the later stages of thaazd simulation
period, which indicates that the model simulation may require a longer simulation time to

represent the low cloud configuration.
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ChaptCemcl| usRuo dhMoa kd

The mai nnfgoahi s study was to assess the pe

using various microphygeoaealrascheames!| t Tae htamin

geostationary satellite observati onsuswerge
hi gher spatiotemporal satellite observation
met hod. We mNcVoPmbmondeed (i1 .e., WRF) and the CR-

BTs from the AHI -8B8nbeastat he nrierfyoarsea,t etlHe ten
mod el domain could be evaluated in an advar

observations.

A classical statfuosamagpohr omiidpn2dshdéo Mad wvnt
by WRF wusing four aldi stédeemets, mwbi c prloymseiod ud
schemes (GCE and W®MMenands cthveanedo U BAIDeM and M
each model simulation using different micr
dynamic and thermodyndmied dmPia cege lo ptghtee n5 0 @
synopdalce trough on the east of Taiwan, and
dat a) . The model al so accurately represent
over t heacwefsitcer nas)ksoci ated with the frontal
t he-h@dr model simulation of the total accul
rainfall patterns accurately across thehee
results of the synoptic conditions and to

simulation with four MP schemes represented
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Comparison between simul at ed nagn d eoshusl etrsv:e d

1. In th@mITTQ. 4he results revealed a | arge c
which may have been caused by underesti m
at higher altitudes. The simulatdiehsiWutfHt
of the main c¢cloud band more accurately.
excessive high c¢cloud occurrences in the
the model run wusing MOR. The performanc
dits i buti ons when the BT was <270 K, whioc

di ffer for warm cloud processes.

2. The -mpywyrdd evaluation revealed that obse

captured by the simulation udi mpg xfedwr ds cl

a higher accuracy than mid and | ow cl oud

spup time to represent the | ow cloud coni
3. The moisture information from clear pixe

t he mi dgére (appriodbmmadelaynd negati ve i n

(appr oxdizmatoeby. GCE di spl ayed a | ower MAI

which may result in a better water budgel
Overall, this study demonsthma€CROMtihre prodd
mul tichannel satellite Il magery as a mo d e |
observations provided wide spatial cover ac
evaluating the NWP model s. B etchaeu sper eosnel nyt osnt
characteristics of these microphysical sch
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typhoon, afternoon t htuenrdne resvt aolr Oriy-® aeot ncs.i()raudga t,t

wi || be examined intheteféestudieont hbor by
met hods in WRF over East Asia can be evalua
the microphysical properties and optical c

geostati(@wiau,y Ohibu,tt e WRF 20mM0) at ed hhayvder o m
di rienctter c amp asraitred | i te retrievals, which wou

of the microphysical scheme.
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Appendi Xx

l. Gr apahli cabstract

1) Model simulation 2) Simulated AHI 3) Model Evaluation

Observed AHI
m} Vatidation SO .
. o o7
v i ,.‘,,( © e u

NWP BT11 valid at 201706021200

Evaluating cloud properties of the microphysical schemes in WRF simulation by Himawari-8.

Il. Preprocess the model variabl e and

i nformati on.

conyve

xWP = fpair qxdz

Plevel (n) Gievel (n) z (n) R (n) P (n) T (n)
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CIOUd CIaSSiﬁcation BTD (brightness temperature difference)

Water Water
vapor Window vapor | Window
Tropopause channel | | channel |, channel || channel |
water vapor
water vapor P BT1p4> BTg,
water vapor High cloud
water vapor
* BTD 9 BTG.Q_ BT10_4 BTlD.A
Low cloud BT,
BT10.4>>BTg
V. Thehaemaicsti c of 4 schemes
GCE WS M WD M MO R
analysis on|{l1(beg2 3 2l 3 4
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Tabl es

TablCharacteristics-8ofnfheaeré&duchbBhnmaivar i

Not eAll four channels have a spatial re:
Channel C e n tar(eanl) Applicati on
Wi ndow Chan 10. 4 Surface or ¢l oud¢

Wat er vapor| 6.2, 6.9, Mi-tthifyevel wate

Tab2Tehe consistentofveaelaecd hydNomanedor part

~
113
”

U Q
-3 -3

Cloud 1000 kg/ m 300 cm 3
, -3 -3

Rail n 1000 kgl 48 cm 3
3 -3

Graupel 500 kg/ m 24 c¢m 3
3 -3

Snow 100 kg/ m 6 cm 2. 4
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Tab3Tehe variables use i n CRTM.
Input CRTM
p . Pressure (hPa) (Level)
. Pressure (hPa) (Layer) . Surface temperature (K)
. Temperature (K) (Layer) ¢ Re (micron m) (Layer)
. Qv (Kg/kg) (Layer) . Ri (micron m)(Layer)
*  LWP (Kg/m?) (Layer) *  Rr(micron m)(Layer)
*  IWP (Kg/m?) (Layer) *  Rs(micron m)(Layer)
*  RWP (Kg/m?) (Layer) *  Rg(micron m)(Layer)
*  SWP (Kg/m?) (Layer) *  Rh{(micron m)(Layer)
«  GWP (Kg/m?) (Layer) . Satellite Zenith Angle for model
. HWP (Kg/m?) (Layer) . Satellite Azimuth Angle for model
. 03 (ppmv) (Layer) . Satellite Scan Angle for model
. Surface Tvpe . # of levels
. Topography . # of index
. Land_sea_mask
Tab4Tehe conditions of thdebi $§fimukati
Observed
Yes N o
Yes Hi t s ( fal se al
Si mul a
N o Mi sses correct n
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WRF domain setting
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Potential height & Specific humidity (850 hPa)
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(a ) NWP BT11 valid at 201706011800 ( b) NWP BT11 valid at 201706020000
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(a ) NWP BT11 valid at 201706011800 ( b) NWP BT11 valid at 201706020000
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( a ) NWP-H8 BT11 valid at 201706011800 ( b ) NWP-H8 BT11 valid at 201706020000
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(a) NWP-H8 BT11 valid at 201706011800 ( b) NWP-H8 BT11 valid at 201706020000
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