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Abstract

Abstract

Hyperspectral infrared radiance measurements from meteorological satellites
provide information on atmospheric structures with high vertical resolution, which is
helpful for the monitoring of potential hazardous severe weather events and data
assimilation applications. However, the majority of on-orbit hyperspectral infrared
sounders are based on polar-orbiting satellites which only measure the atmosphere
twice a day without continuous observations on regional atmospheric variations.
Meanwhile, advanced imagers onboard geostationary satellites with high temporal
resolution can provide continuous observations of the atmosphere for specific regions,
but information on the vertical structure of the atmosphere is lacking due to the
limitation of spectral resolution. The fusion use of the benefits from both measurements
would provide accurate information on three-dimensional state of the atmosphere as
well as its temporal variations, which are crucial for numerical weather forecasts and
nowcasting of high impact weather events. Focusing on the quantitative retrievals and
forecasting applications using hyperspectral infrared sounding observations, this thesis
first utilizes the state-of-art hyperspectral sounding products NUCAPS (NOAA Unique
Combined Atmospheric Processing System) from polar-orbiting satellites, along with
geostationary imager observations from ABI (Advanced Baseline Imager) to develop a
profile retrieval enhancement algorithm through data fusion. The thesis then develops
and presents the quantitative dynamic and thermodynamic retrieval models from the
world’s first hyperspectral infrared sounder onboard a geostationary meteorological
satellite GIIRS (Geostationary Interferometric Infrared Sounder) using the regional
intensified observations during Typhoon Maria with high temporal resolutions, with
analysis of the impact of temporal variations of GIIRS observations on the retrieval
accuracies. Finally, the potential impact of geostationary hyperspectral sounding
observations on local storm nowcasting is evaluated in a nowcasting framework based
on geostationary imager observations with profiles from ERAS used as proxy. The
major findings are summarized as follows:

(1) Three continuous months of NUCAPS sounding products, along with clear sky
v
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ABI radiance observations and Real-Time Mesoscale Analysis (RTMA) in the CONUS
region from April to June 2018 are used to develop a profile retrieval enhancement
algorithm, or a data fusion model. The model is capable of enhancing the accuracy of
temperature and moisture profiles in the lower atmosphere through a deep neural
network, using the aforementioned fused dataset as inputs, and collocated profiles from
ERAS as the benchmark for training. Independent validation results show that the
model is able to reduce the standard deviation of error (STDE) of both temperature and
moisture by more than 30 % on different pressure levels below 700 hPa. The
improvement, in the mean variance reductions of lower levels from 700 hPa to surface,
is 68.1 % for temperature and 65.9 % for relative humidity in clear skies, and 58.1 %
for temperature and 65.5 % for relative humidity in partly cloudy conditions.
Evaluations on relative impacts of different data sources show that both ABI and RTMA
have substantial impacts on reducing the uncertainties in the lower levels, with ABI
contributes to most levels from the lower to upper troposphere, while RTMA only
provides contributions to the lower levels. The generalization performance of the model
has been validated with independent dataset from 2017 and spatiotemporally collocated
radiosonde observations (RAOBs) from 2017 and 2018. The applications on two
RAOB cases and a convective event in eastern U.S. are presented to illustrate the ability
of the model over NUCAPS on capturing the structures of the lower atmosphere and
the potential benefits on the nowcasting and forecasting of high impact weather events.

(2) The intensified observations from GIIRS with 15-minute temporal resolution
during Typhoon Maria in 2018 are used to develop atmospheric profile retrieval models
for both temperature and moisture under clear sky through neural network trainings,
based on which the impacts from temporal variations observed by GIIRS on the
retrievals are analyzed. The models are trained with brightness temperature (BT)
observations from selected GIIRS channels that are capable of capturing the
atmospheric information and its temporal variation on different levels as inputs, and
thermodynamic profiles from ERAS5 used as benchmarks of the training. Independent
validation results show that the overall root mean squared error (RMSE) of temperature

from 100 to 1000 hPa is 0.639 K, and the mean bias is 0.092 K. For relative humidity,
Vi



Abstract

the overall RMSE and mean bias from 300 to 1000 hPa are 5.089 % and 0.004 %,
respectively. However, the uncertainty of relative humidity increases drastically above
300 hPa. Validation results using independent Global Data Assimilation System (GDAS)
analysis show that the errors of retrievals against GDAS are larger than those against
ERAS, and further analysis proves that the major source is from differences between
GDAS and ERAS. This indicates that the retrieval performance is likely to be affected
by the benchmarks selected in the training process. Meanwhile, the retrievals’
validation results against GDAS remain reasonable, indicating the stability of the
retrieval models. Comparing to the model trained from GIIRS observations from single
time step that corresponds to the ERAS profile time, the model with GIIRS temporal
variations added to the predictors show enhanced retrieval accuracy on both
temperature and moisture. Results show more significant enhancements on temperature
than relative humidity, while in the lower troposphere both temperature and relative
humidity are more substantially improved than upper troposphere.

(3) Four-dimensional wind fields are derived from GIIRS observations onboard the
FengYun-4A satellite with 15-minute temporal resolution during Typhoon Maria in
2018. The retrieval model is trained through a deep neural network with selected GIIRS
longwave and midwave observations along with temporal and spatial variations
combined as the inputs, and U and V wind components from ERAS used as the
benchmark. Results are evaluated with independent ERAS reanalysis, independent
GDAS analysis and dropsonde wind profiles, and confirm the potential of the model on
retrieving three-dimensional wind fields with high accuracy from GIIRS high temporal
resolution observations under clear and non-thick cloudy skies. Validation results show
a statistical root mean squared error less than 2 m/s for U and V components in
troposphere against ERAS and GDAS, and good consistency from the temporal
variations of wind fields from GIIRS with that of the hourly ERAS. Further experiments
show that higher temporal resolution from geostationary infrared (IR) sounder
measurements could provide better dynamic information. Comparing with the
Atmosphere Motion Vector (AMV) products derived from Advanced Himawari Imager

(AHI) onboard Himawari-8, the wind retrievals from GIIRS show advantages in both
VI
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accuracy and information density.

(4) Based on the local severe storm (LSS) nowcasting model named SWIPE (Storm
Warning in Pre-convection Environment) previously developed by National Satellite
Meteorological Center (NSMC) using the combination of geostationary satellite imager
observations and numerical weather prediction (NWP) products, an enhanced SWIPE
is developed for the Continental United States (CONUS) region with random forest
using high temporal observations from ABI, combined with NWP products from GFS
and precipitation analysis from CMORPH (The Climate Prediction Center Morphing
technique). The SWIPE framework is enhanced by introducing the classical optical
flow and continuous tracking into the collocation of datasets, based on which the
potential impact of geostationary hyperspectral infrared sounding (GeoHIS)
information on storm nowcasting is partially evaluated with ERAS profiles used as
proxy. Analysis shows that the enhanced model has higher accuracy on severe storms
with areas equal or larger than 5000 km? over smaller storms, and less accuracy on
storms smaller than 1000 km? The accuracy of SWIPE model on severe storm
nowcasting shows enhancement when GeoHIS information with ERAS as proxy is
added to the predictors. The accumulated importance score of ERAS profiles is higher
than that of GFS NWP predictors, indicating the sounding information from GeoHIS
would provide more added value on atmospheric pre-convection environment
associated with LSS on top of current coarse resolution NWP forecasts. The impact of
GeoHIS on small storms within 1000 km? is not as significant compared with that on
larger storms, possibly due to the lack of temporal and spatial resolution from ERAS as
a proxy. Future geostationary hyperspectral infrared sounders with finer resolution
would bring better benefits to the nowcasting of convective initiations with meso-to-

micro scales when used in combination of high resolution geostationary imagers.

Key Words: Geostationary Meteorological Satellite, Hyperspectral Infrared Sounder,

Retrieval, Four-dimensional Wind Fields, Nowcasting
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11 MIRERMEX

2% LTI AE AR B R SORI B R x  R AR 25 AR B A LA By B
DR T HUE R AR, BEETHERE D). TR TR R R G Aok
(RIS BT R R AN 53, Sk BT R SOLIN Bk (R R 2 M PR f P 2 T8 R F A s i
(R AR S TR B () S8 R R (Bauer £5., 2015; %4 PRAT, 2013; BE43%, 2009; il
B 4%, 2008). REAIRIER T HAEREA B . KX IKESER R K E R AR R
ARG TR T, T 2 RN, R R, 36 T 8 Rk T AR 2 W %
FELAR M R SF T 7 1 VR 0 R TR LA A R0 R, 45 LA eI T 2 R A v 2 )
T i R BRI SR AR OV E (R B 55, 2019) AR FER) TR T H N,
HATEGF N 25 03 52, HL o YO AN 32 T SR 58 5 ) 1) T2 B2 R SOOI 5 8 A
B R TR AT B AL R AR 6 I o T 1 R A AR 1) 2 I 5% (Zhang X 4§
2020; AT/ AL EBIKOK, 2020).

AR, AR DLEMM BRI, 9RRh 1 A G i Ik A0 8 ik
FMAELE 2 (Bl A A R R, AL, YR, m RS R P HIX,
eSS L RP AT SR ORI Bk o 30 5 i A A T AL LR sk 2L MR e
8 [ A B ks B s L3 2R R URIB BT 4 (Menzel 4., 2018). 1XEE48 H X
TS 3 0 DK ABR LR RE A AR R FE T /R e bt T 2 22 O 00 5 IF [ R 2 1) 43 A B A
B, REUE R ARG ML B 7 9] 46 3 (Cardinali, 2009; McNally %%., 2006; Le
Marshall 4., 2006, 2005). 5[y, 38 i B 50 R N 3 B A 1 O, REE I
i KA S I B AR e MERR AR, 9 HLZ& el iE 5 AT DA B 0 e IR AL RE
(convective available potential energy, CAPE) LA & %} i #ill ] B & (convective
inhibition, CIN) <5 1] H] - X i A AL AP R, XAt 28 G i A I I o
HRA RIS TEH (Weisz 25., 2015; Li J %%, 2011). M TEIETE L
51 53 HEE R AN B B AR A At v T TR RN 23 ) 20 RS (MR SN, — D7 THIZE =5[] 5
AT UL o S G DX T 3 A B FEAS A BRI, 5 — D AR T E IS e
FEAH R B 5L f AR R EAF X B K R B Pt T R w2 AT 0 o et e 1
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TR Gy BB AOWI I 1) H ARTAREC R, SUERHE RO SR IESS 1 IR S, fe
i — 2 R PE T e IR R GE 1A RSB RV ALARRAE , 6 I8 R <28 48 1 A 00 0 95
e kn 35 5 B AOE (RS 45, 2019; Rao %%., 1990; Purdom, 1976; Anderson,
1974 ).

SIGRIN, AR EEWNE S BAEER AL, HIanfEE T i1
B E LA e K AR B A7 AR I R R AL, W9 5 % = I, R
TEA 380 PR T 28 R e A K A = A PR IS5 1) f(Nalli 5%, 2018, 2013; Sun B
5., 2017)0 T eI 25 23 B 2R 10 96 1 AR BERESZ 1] T 78 an VE I, LR R
BN ST FARSAETE B 7 0] (R 0 P EA i R, BB i T X R 4
P 6 1 T e ) A, 5 2 B 22 1) KSR 45 20 BA K 78 (Schmit 5., 2009) . R T 4
1] B 88K K v 6 B R0 RT3 43 o R B B ROt Bk G K, o ks
FE L SR E PR R BRI R ERAEE, 5 SR &
7 O3 AL INAE ST A RO A R, 1 T4 X0 VA 2R 00 e I FOUe 1) T
ROFIHERf A, LA T 7 R TR IR AR A, o) TR Jo) e I R e ) AR A
IR TR 3R P A 27 ) TSI o PR SR ORI T AT B DR ool 45 Iz F 1
SS90

Pk, E IR T 2Bk E Sk L pE R R LR, KT
2016 4E 12 H 11 HEI R SIS AR BRI IEFUE X = 4 5 T2 A B (FY-4A),
H E##SA ZEERRH NGRS T (Advanced Geosynchronous Radiation
Imager, AGRD . ¥ LAk m o6 1% KSR M AL (Geostationary Interferometric
Infrared Sounder, GIIRS) LA A& [ FRERMI{X (Lightning Mapping Imager, LMI)%% £ 4
SRR AS (Yang T 25.,2017; #PEHE, 2016; KM 2, 2016). Hr, K=
T A BB RS E b KRN (GIRS) Boh T EE AN
T ki B H0E TR B ms s KSR (Yang T 55, 2017), HBTRLIIH A
A v FRF ] 43 % 26 R0 i 2 B 43 6 () KR = 4k 3y R 205 B, o R/ N R
RAFRGE IS I FITIR, DA M TS = 1) R A FH S RS 2 A 1 R IR (2 it AR
o Bk, 7EXANS R TR SOl s R I H I B, e 7049 ) F TR E A
IEIE EE R KSR GRS AL INEE, S 21 s BT 2 RS 5
IS, IR 5 RSB IR Can e 2 HE S UG ACRID SEBLRL
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IR N, X6 T3R5 =y 70 R g R (0 =4 KO e J L 1) 2246 A5 2.
T E B R PR IR R I T rh s R B, A o EL
SO

1.2 ERIMARHE
121 SRIEESXRSRMERHLRE

S R R TET 1960 F 4 A 1 HAESN T EEKNZES -1 5 (TIROS-
D), BHRPAG T el SR KR E RS RGHHEN PR =K, AR T A%
MRRDEMBERRFRENTFRER M IR, 2012), AR DRI
IBATHIE 43 AR TR CORBAFEHE TR AEe R TR GhERFESHUE T,
FCrb R TR P ASE I A BRI, BT v BEAIG, A I e 4 B DL R BOR R
MRARG, AR TR A —E R e 2B, H T IR 0 LU 4
Je 2B A s BN REE R R G 08 T2 AT DS ey I I 40 3 SR (R 40
&AM N RUBE 2R G 18 B3 = FKIR A% 3, (ER AN e s i BRER 4 =40 2
— PRI XAk, FEE AT U 0 B 8 T %o v 28 58 B T AUARH Ay 114 52 T R A ™ e
(P4 T3, 2006) . 755G TR BT BN 38 J TH, ARG T 204 KSR 58
P RRAL S BRI SE o SR AR TR 2 RSB R kL, 4 2
A VIR, e R A I S B R 49 B R AURLEE TR DL KA Uk
53 R = 27 () 43 A 465 B (R PRAE, 1974).

A E R TERSRNAGERF T 1969 4 4 AMEEWN=-3 5 12E
(Nimbus-3) flf # # ) T & 40 4 4 6 %8 5F 1 SIRS (Satellite Infrared
Spectrophotometer)-A (B 25, 2013). ZAX2E 1 KA COL IISCHT ) 8 B
SEIL T 0 KA BE R AR, R TR A ERAR, 250 km HIE T R
g R, BRI IR, 2RO I R TR S T R 1
BE(Smith W 5., 1970). BEE R RMBARMKRE, HBTR TR RSN
SEIL T TR SOULIN BB EE FE IR R R R, I ARG HER L )4y
PR S EARAERR I L 3RAT 7 A m I3t (Menzel 45.,2018). H 20 40 90 4
RELK, K R TR RAERMCES B4 1 #3755 [ NOAA-15 % NOAA-
19 Ef¥) ATOVS(Advanced TIROS Operational Vertical Sounder) &%, 4% 7 —4

3
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15 R A AR BRI 23 (HIRS, High Resolution Infrared Radiation Sounder) A
SR ZS AMSU(Advanced Microwave Sounding Units), BEASTEAN RS
ZAF TR EBRNAE B(Li T 4., 2000).

XoF RS 240 1R RS L R TR UL 75 SR AR 17 v e Bl DR ASRIIA % Jg (Eyree,
1989), 44 # F 35 E NASA EOS(Earth Observing System) Aqua I A& [
AIRS(Atmospheric Infrared Sounder), £ 3.7~15.4 um & [l P 1 = A AS R USCHT 3
A 2378 AT, FONTIE 25 ST il RN P s I8 P T 43 R 40 Sk E) 1 km AN
2 km (Chahine %%.,2006). 5% T ERI TR DEHZ] MetOp 51 LE EREDE
T 2T AR 2% TASI (Infrared Atmospheric Sounder Interferometer)}if 8641 4Nif
&, ERSEBLTAE 3.62~15.5 pm LA Vo [l A XS b RO R) 34 221 3 L )
(Blumstein %%.,2004), il /3 #ERiEF] 0.25cm™, HAER 241 R X} 200 hPa P
T R R S T R I A A B T 1 K A 10 %, TEEE S HERS R E] T
1 km 1 1.5~2 km (Lerner %%., 2002). f#r—fRMI3EEHHLTLE K% JIPSS (Joint
Polar Satellite System)#& %185 HUE =G L /MARMI#S CrIS (Cross-track Infrared
Sounder) A =BG TEE T 1 2211 ANEIE, HAERR . Pk KNG BT
HREHER N 0.625 cm™! (Strow %%.,2013; Han %%.,2013). CrIS 5[ F& LK
WARMAL ATMS (Advanced Technology Microwave Sounder)Bp[E ML, §E 65 S
TERE 25 FH 2 26 4F I RAURIEERZR 1 1~2 km 1 B & 70 R 4R (Goldberg %5,
2013).

L TR KSR DN R e 7 i 2 e Bt e B K S 22 b 7 A Suomi 4%
PRI, 3T 1980 ELE L E i 1L T A GOES-4 _E#5# IR ML VAS (Visible and
Infrared Spin Scan Radiometer (VISSR) Atmospheric Sounder) I B X SEH T 7EHBR
i L BE b ) 3 3 3K UPR I (Hayden, 1988; Smith W 4%, 1981), Ti7E1E
ZHIE R R B E B R BUR RS . R T VAS HEM: LA & B
e EPFREAR, BR 7 HAATHOW S P RIN A . H 1994 4K 451 GOES-8 T
B2 )5, FEMWEIE T 2T GOES RN, K shmEE N 12 02
T 18 A, $RAEAL SR K A JE 121 i 380 /)N I () R 4 S T o, AHEE T VAS
P 7 GG HE ORI (] 23 HE % (Menzel %%., 1998; Menzel 1 Purdom, 1994). %4
1M, GOES M &% K= BRI G ST OR A B, 22002 il T ol o A7)
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SRR  7£ 5 BT — AU GOES-R R4 1k T F OB H0Z A (Schmit 55,
2017), FHARM ™ wh AL EBUE SO GRS NI 1T 2017, HEA 10 NLohiE
TR, H 2 PR m I S g B 4R iR A ABI (Advanced Baseline Imager) 5
T SRS A 2 ) TR ™ it AH 45 T AR 77 2B (Schmit 55, 2008). SRk B 5%
V2 2 A BUBE AL, IESE 1 #580T 1k TR I Eoa il R R IAAE
X UL R IR ARG N 90 5 A Y B 24 (i (Okamoto 55, 2020; Li Z 4%, 2018;
Li J %%, 2011; Schmit %%., 2009; Sieglaff 2%., 2009), Z&[E G5 &%t T GHIS
(GOES High Resolution Interferometer Sounder)f1 GIFTS (Geostationary Imaging
Fourier Transform Spectrometer) % f & 15 T8 & 6 1% KA WAL (Smith W 25,
2002, 1990), {HAZZIHF ML, A EERIRE CLAMH AL B R 5% A #8157 ik
BaE TR A ER IR NAE A

REMA R TEREET 1969 4, FRRGIMEZE 1| HREER, b
WX KA EKERFLIG, =T H B REIRE KSR TR R B (2
R T7aE 2012 VAR 45,2010, J758 X 55,2004). H A 1988 IR 1) 4,
SRR (FY-1A) IR K, RECEFERET Ra SR
=S RIIMI TR, UERE SRS Z25F TR (ER %, 2021; )5
TR R RAE, 2016; RS £, 2010). REH —MRILTE R = =5 RIH
FY-3A/B/C =R BT A4 T A F0H R I L /MR ——20 4y
Jeit IRAS 1233 3 61 B A% A MERST AR R B v MWTS i 48 % 1 MWHS.
PR A AR A MWRI 55 2 R ES, SEOL T 2BRiEH . 2R, 2k =
P KA EERBEME 2, 2009). M 2017 4E 11 H 15 H &SR FY-3D P A
6, 5T AANE RS IR ML HIRAS BT IRAS, SEIEHH i 26 M0
BT 1370 A, EURSLHL T RIE A 0 B EOCHE LA RS R R B (R
F A5, 2016). LT 2021 4 7 A 5 HEI RSB FY-3E fE 95 B EBUR S5
EARREE, H ERBECE Sol @l ORI HIRAS-IL, 5 RIBIZ1T 1) FY-
3C I FY-3D 4RI, K BEAE S0 6 /1N IRTBE ) = 4 SO D5 S, (Zhang P 2%,
2022).

IR HT 2016 4F 12 A 11 HIR U5 A B (FY-4A) 2 ER—RE
IERHE TR RV EBLE, H ERE 7 2RRE A LPIE =6 2L SR
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GURS, #—RSEIL T e i (8] 73 4 5 e 3 20 o 1) = 4 RS (Yang J
%5.,2017)s GIRS ¥ H B2 50 /R T35 43 5677 20 R LL AR S #EAT I, 43
HILL 0.625 cm™ (IS A FERE H 700~1130 cm™ KL L AMEBAT 1650~2250
e FHIR LA B, B RIERI R A BRI B = ARER 1 TR EE R A AN
FASAAM 68 5 VE B A A R (& 1.1 o), i FE R A& B0 T KR
0 P58 6 £ v AT VA S W) 4 i 77 W L TR R ST AN L 4% 1) o DL O 7T
R, MLLT LA GOES #RMCHARER 1 1 PR AL G SR, GIIRS REETE
B e P LA b SO A B B A v O UL R AR FE R 2R (Yang J %5, 2017). B
GIIRS 4k, FY-4A 4530 1 Jcit (05 1k 3008 58 5 iR 4 AGRI(Advanced
Geosynchronous Radiation Imager), ZBURIUHE T R =5 271 T E P& 31
FRAGAXAE IR H R 5 0 FE R A B8 T AP & Bk EA Sk
PRI 55 155 53 HE G AR IR L 5 A B T SEBIAE = 42 (] X R AT
By 11545 B AR .

125 100 8.3 714 6.25 555 50 4.55 4.16 3.85 357 (um)
(K) T T T T T T T T T T T

360 - -
dssssssssssasasd G"RSIFY4 dessssssssssssnsnannsd

e eme———— ol ememimimimemim——- =t HIRAS/IFY3 mimimimemimums .
340 CriS/Suomi NPP_ 7

Bessssssssssnsasnsssssnsss I Bessssssssessssnsnsss : AIRS/AQUA [ T ——— 1
820 IASUMETOP

soocccevecoevceced |RS/MTG ¢ecccoccccococcconcd
300 - =

H20

N20 co AN20

280 ' dl | ‘ ' -

260
240 f

220 ' .
H20

200 PR R RN SRR S H S S SRS R S SR R
600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 (1/cm)

B 1.1 # ik PEAAEEERNMN GRS 5JUAMEL TR 4450 E 6 R IO v Bl
. (51 F B Menzel %.,2018)
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Figure 1.1 Comparison of geostationary hyperspectral sounder GIIRS and several polar-

orbiting hyperspectral sounders on detection spectral range (cited from Menzel et al., 2018).

122 DERBERSREEBLAAR

) FE 2 L0 1 (1 21 A/ S R B s KA FE I AR e 2 SR [ R K
King T _Eith4e 50 4E4CHE HL ) (King, 1956). Kaplan (1959)& 3 T T A EAS [H]i B
R0 (P S ok BT ORI AN [\ e BE 2, DR AT DL Sk SO oK UM R 2k, JF
P TR KA AN COr R RIS A S5 0E SR 43 5o S 5 0 FBE R 3 1) 2 L
G o W I A R RN AN 5 1 R RV TR S FH 75 SR i v, AT 2
FHEZR R T ARSI B R B, A& G A3 7 VR RT 4 ) B I 8 A ¢
T BOEVE AN K o e W3 S T2 1) A SR AR AR XU S AR i (R P B R
SEEHU SRRV SE DU TR SRR BRI, T Ge vk RIEE R AN K
AR A BT B, 3 T BA TR AR O S B S KRRk 2 TR
Grih ok R R LIR LN T B RHEBE 55, 2013),

T A B T8 7V I Y KSR 2 T X S A A R SR AR, AELR R T AR A
A R — AR T, SRR R B AN E I, AR A A A —
TE LR SR AT A P REAS BIRGE AR (R IRAF, 1974). HURZA ML 0% 2 il it 47
SE VAR A E AR N AR S A S A8 2R S0 FE, PR o KA UBR AN g 1A TG
PRIETIIAE, I3 27 A28 —M#, #1401 Chahine #2572 (Chahine, 1970)A1
Smith 1E/%E(Smith W, 1970)2% . B ERAF (1974) WHLLAME AR W BIE T RS
MR FEFRE T IR FK VR R IE AR A “ S B2 7 ME, R H T s
T BRI AR P A KR B 2R . Lorenc (1986) A DU B4 HH 2 4R HE T A B 8
FRIRE S, S AP 77 R ) SR 1) R A il — AN AR 2 ek S PR A I 8, 38 T Je
RL BARASRIR T e 2R RAT (1997)7E eI filt_E ) FH 2R 051 R 2R 1k R A2
SEHLT KA =S HHI . Li f1 Huang (1999)7F GOES-8 ¥ERH s+ il
FiH 22 SR 58 SCPH R, SRS FR e e A T FE b SRS ISk Lid 5%
(2000) # 25 L B9 J7 ¥ B ] 7€ International Advanced Television and Infrared
Observation Satellite Operational Vertical Sounder (ATOVS)H JeigE, 3R T 7E 1
km HE B 73 #F% P35 RMSE 2078 2 K 1R I E#ERI % . Atmospheric Infrared
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Sounder (AIRS) % T —4E25 43 5% (1D-Var) (RS ERL IEF AR E 40T
BENLTE 850 hPa LA FIAF] RMSE P34 1 K T 10 % )i 5 R X P vEE A FF (W
4., 2005), HA]LLE L IE = A F RN H T35 06 = A5 248 19 = 38 (Susskind
4.,2003). £MXT RIS A BT GIRS WE S, Xue % (2022)NA T
T AR (P RO SR AR S S I = I A S8l T KR A
FERRLR 1 [ isE, R1F T % EF34 RMSE 78 2K 1 2 g-kg™! DAV IRIEE AR B

5B RETTVEAA LG, Guv SO 77 ) S A KB B R A
Z DU A TL A SN, 3@ Je A N7 — 3 2 IR [ U5 R AT o B i, T AN
J g SRR R AT T L % LA B S B B s (R B3 . Smith AT Woolf
(1976) 55 56 3 FHRFAIE 1) Sy N7 7 MW 4 A e 958 K< I 1 30 48 1Y) 4 1 S 3
A, BT (2006)F) FH 2T 3 543 43 BT (RRFAE ) e e oh B2 52 0 T 46 AIRS W
B RSBV EE 2 )i . Smith W 2§ (2012)3EF CrIS (Cross-track Infrared
Sounder) WLINEHE T & T H T 450 IEAC 4 (EOF) MXUal A s H %, 3R
MR RE B AR SO e B B0 FEBEENLER 3 S R BRI R e, M) giit
[0 U 532 A b A R 9% B A A e 2 P 1) A R AT 8% 2 o BV BT AR o 497 a7k
A BREETT (2010)f8 FH S R EHLEM AT AMSU (Advanced Microwave Sounding
Unit) (BDLSR TORESEIL T IR IR R 2R (10 S 3, R I T B e 7 R )
Di Paola %5 (2018)fF FIBENLARMREILNZE T 3T ATMS (Advanced Technology
Microwave Sounder)f{Jil i BT £k SISV . P4 K BEE L0 T ARk &
S K 0L B 0 T A R R 2 3 R R 1) K R 4R 1) S T8 LA 1 (Boukabara 5,
2019). Aires 55 (2002)44 4428 X 2% B FH AE TAST F5EA0L 5T Rk A T 12 J38 2 s e H X
197 PO i A 1 SO SR RGBT AT RV (2006) T U I, #0225 1)
S 45 AR L2 Gt v e i SR 2 I H B v PR HE A B, 0T A7 AE R T IR 25 R4 )
RARERLEAE ARG ). KEE 55 (2009)F] LM ZE N AIRS
SR BRI T KBRS i, 133 17 UARAE A B e TR T O S A o 1
%5 (2010)ff H =2 AT AL A0 2 I 25 £ 5% AIRS ot i W0 B 4T 1 L3 o
R, AT 1 Kekm™! FOE IR [ E R FE . Blackwell #1 Milstein (2014)
BT WA G EIEIIL T KR E AIRS FIEEREL SN AMSU F e WL

e dg B
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B AR RS R AR IR B 2 B, i i 2 IR AR (R B0 E S8 1 AR Y 45 Bk
(13 St DA R AZ SR EAE CrIS/ATMS 04 I 8 1138 FH 14 (Milstein A1 Blackwell,
2016).

KT b AN B ORI GLIRS, — 25235 il i #h 22
LT T RARE I 2R BdEhe 5 (2017)F ok B 26 [ gl il 2 oK 2
BARE1EW7E AT (CIMSS, Cooperative Institute for Meteorological Satellite Studies )
SEHE A BROCE 2 REA I ZR A0 , 38 o S A A3 21 GIIRS HR ST IR,
2 1l 2 BP (Back Propagation) 122 2% 43 il Il 25 1 [ X 3 A0 4 Bk Rl 1 K
AR P SBR[ DX B D B VEORG FRE ve T A BRVE R AR R, A o [ X300
it JZ AT 2 iR B SO Y RMSE 2397004 0.846 A1 2.020 Ko FJ A GIIRS 5B M
MR}, Cai 55 (2020)i@ 1 L ERA-Interim F 43 BT 50405 A B 2 37 BP #1482 I 2%,
RIS R T — Nt 3 [ Al b P i i St bt X 25 452 R B0 ANN Sy B3, ot
WZR LA T HAE (ERA-Interim) [ RMSE /T 1 K, TAHX 82 RMSE /)y
T 10%, HId T AIRS BREL™ oA XS T [FIFE BAR I #ERH B2 . Huang 4§ (2021a)F]
F GIRS 7£ M IX (RO 0ahs , J3 ek P — 4 4 P 3 s v A A 22 1Y
28 SR AT U FE SR, AR P A SRVETE AN [R] 2 B SBORS BE B T ANN 45 1D-
Var 455 IS B 2R S 5 50925, #3281 1 Lk GIIRS b 2% 3 5 7 i B8 o PR SR TR T
TEVRRE R 5 T, Huang %5 (2021b)&H 7 HEGRHZE ML (CNN) X} GIIRS
PRI  2 JL P e £0 AR 3 W 3R B ERAS KA BR 2R (Bl rs IR ' 1y B
BEATYIZRAT IE,  HLALT IEJG MR 6 i VR S — 478 7 ) B s SR 1 N 8
TE B R X AR A5G T LU A% G 110 47 38 I 8 B0 vk O v 00N B8 S TR R o 3 i X e
GIIRS ¥ 5B 78 A AT LUR B, AR M4 LA BN 7 T i il S i i F ) 2 22
FBz—, HRERERABORHERAE. 5IFER, GIRS M TS50
P TR v O T R A 2 1) — A EE AR B R 0 R — XA R SR I, R
(Huang %5.,2021b) AR 72 51N T Hp i 20 A0 1 i 1] 90 7 5104 CNIN fA) 4
N B FAAE FLE T I 5238 (0T 1E DT T, IR BSOS R . GIIRS
T [R]— [X 45k 252 A0 T 6 25 1) B ) 28 A A5 JE KT T DK 0B 2 I Y 5 SR 1 52 T 2
—AMEAT T ]
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123 DERERSKFRIAHHR
PRERF ¥ DU 28 X370 15 JE 0T T R0 2R G A ML 00 R BSCAE OR SR B P 4 A

R SCRME - 5 E A s i T LI ORI 5 K <18 3l K F:(AMV, Atmospheric
Motion Vectors) FIfff 78 T 4F o] LB 3 21 E A4l 70 44K 53 (Menzel, 2001,
Hubert 1 Whitney, 1971; Leese 2%., 1971). % T2 IZEIE A BIA W & &,
FHAG LR T F— X LK RE AMV EVERAR R T T 2K
JEFIEF (Velden %5.,2005). 7EMV55 b s I8 R3% BB 753002 85 7 22 1 =R 5
1E TR AR AT R A S EURIIE B (Daniels 4., 2000; Velden %%., 2000). s+
2T 5 1 DB, 38 SR FH AT ORI I T A IE KB B s R g, 133 = R
(Velden %5.,1998); 1% T-H 7% X 42k, JUJSR Ao T /KA BBURK FR) 388 3 SR AE I 7KV 1Y)
MEhAstk, MImEE] “ KSR (Velden %%.,1997). #E7 8 TCEAE F AT WOGiE
IR B, AR TTRA 3.9um (8L 414 MEE K B IRZ = 5 R(Dunion A
Velden, 2002; Daniels 5., 2002). *F i 1k T ME LA 2508 35 Rl X, AT LA
LKLY 100 20 EioWLRT g, BB 35K 5 5 0 T AR (R AR <5 T R 2R A
MEVEE RS ER AMV P2 8. Fli Key % (2003)i#EF 5 3T NASA 1
Terra Fl Aqua L T2 E) MODIS FE#HH X ) 1 km 73 3240 A0 5 X FI7KIR
EIELI, £ 30 KBTI B A 0 BRI 3RAS 125 25000 AN20 1 o & 428 il
WK

BRI E BRI R EZ G, BRI M s R E TN E &

R FN R A AMV P2 0T AMV 58 &3 5 0 120 T FrB B %

(ZEE KR AT SRR B TH(Velden 2%.,2005). X FAREWH EHI &S
JRGE 11 A 8 77 1 R R A AR ) 0 8 5 T B 20 e WL ) 7 X 5
TS S EATUCHD, $3 2 T 5 i B 2 i A UL C I 2 BE 2 AE 9 AMV ) i
JZ(Le Marshall 4., 1994; Schmetz %%., 1993). %fT-2FE W% =4 <M X7 € =
HI T 240 B DX UL 2 B — B Fm S ok B = TR 5, BT 75 2R H 2 il IE 4
B TR E = T A (R AT 5Kk, 2006), oA E A SR 752
A Szejwach (1982)42 Hi 45 & /KIRANE XIBEIE K “/KIRBEETE” A1 Menzel %%
(1983)FI KL A4 X iliE 5 CO BIE ARG A 1 CO2 VI 255 b TG 28 7KIR
S R — 77 T T SR R R A RO R T A A TR il R R 4 4k F)
AR Z R (Velden %5, 1997), R FH Jm O SOBR 46 (T4 2 (R AH RL/K VR I8 18
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1&g

A TTER R AL (B R IIEAE S B AE Bk € (Daniels A1 Bresky, 2001).
SRTHT, B AR TR UG SO 8 TE PR AT N ok T 8 R IR R R
HH T 2 0 ) R S ok B TR R AN A R R R T AR AR 1 A
SR, FFRRI AMV [F5E S8 2 TR W3 SO R 2 16 32 ZER IR (Velden F1
Bedka, 2009). f£:BE%E A2 @GS AL AN RASERII A R, RI7 € i 1 il U R] DL J
T3 B 1 0 VT I LR 2 HR PR R AIE AR A0 SR A LA (Meenzel 45, 2018). il
U, Santek % (2019)iE1d EOGIELLAMRII AIRS FERKHb 30 DXL ) 157 73 7% 22
IRV R AR AE B, R IR T AE o 2 B X FRZE 21 7 3 I, ey &
AT BNZHL X 1) =4 KIS BN R, 1% i AN 8 T 2 B ok I R R 4 ik
RIRZE . SR, H T AR B R AE T IR BE S A 0 T[] — M s (R 800, BT LA
D3R H AT R BR T v A X

BT TR RIEARE AMV 72 5 O PR RS HT2 I R EUE R AT 1 5k
A A6 5 A BLH T HE B (Velden 2., 2017, 2005, 1998; ¥R A1 5kI
A, 2006). KK E GOES-8 K AMV [HALHE N 35 E M BRI A 77 2 52 it ==
(GFDL, Geophysical Fluid Dynamics Laboratory) W& ML, % XIEAE
(R P A2 Al 22 AE T 100 MM 15 3 T2 1E(Soden 4., 2001). Pu %%
(2008) I A RN FE ik Azt WRF [H46 GOES-11 PRIEHHEK AMV =8, KIL
ST IR IR A0 e 7K PR TR TS AT P o 4 o L0881 Fe T X3 e i A
VRS, BT I TR 25 R 4 MR AR I AMV 77 S B 8% SR A b e B R R R
FFAE, AT AT S B (TC-scale) [F1¥ids TR IE ML TE 245 F (1915 B (Velden
85.,2017), V2 EE W@ PERNERE AMV {5 5N 3R R iR A
3 HWRF ZEAT T AR RS, 58] T A2 FmMgiieLi] 5., 2020; Zhang
S %5.,2018). B T H L P EM AMV Z 4k, AR TE T R ) STk 4y
AT R B 0 B b b Xt B AT A B (1 7 (Francis, 2002). J#id7E ECMWF (1Y
YRy AL RGP AL SR B T MODIS RS, RIS O T30 3R 0 34
FEG TR 2 BT, IR BRI R TR B A S0 F (Bormann A
Thépaut, 2004; Key %%.,2003).

TR L2 M 20 tH4E 80 AT 4A I FH TLE Hidis M KSR 1 S I8 R
FITAE, FHmE KBTI, T 1997 SEH# I T A AMNKS M ANBE N =
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b TR D ORI ) B s 5 TR N F 7T

THGE R FERHER 48, 1997). EREEARPTOINSMC) AR EIFR
BT AR E R R TR SR AMV FIE D R E 67 R X %,
2002). FHRes 55 (2004)K (8 B AR AL BT H AR B T s 8] 0 e 1) LA SR,
fh 7 BEPUEIHR SR AR RRELRE” HE. K S5 (2007)7E LR
2 bR T A B AR AL 43 A 5 R KA VA 45 4 1 TCFM(Technique based on
combination of Fourier phase analysis and maximum correlation) /772, JF7EH N
HAERE AT T AN (EPRS 55, 2009). H M 2005 46 AXa %5 C &
() T S A it TE SRRV 85 L DK, B I R 22 38 41 1 KUK B i 4
JVZ N BEUE RS IR RS 2 b (VR R R 5k 3L, 2006). FEE 4F
(2002)7EETXS 1998 4 HZFKILHUR AR KA, K EEIR P L& TR
PRI FIAA , 5 0 R 2850 505 oy 2 I R FBE 1 B v 5 e A AL 1) 485
Ko H AR 2 N G KB TR 78 1 28 tEH 0 & U REIT & T — 251 LR K
[FIAERER:, B TR BRI 25 073 M A (1T 1E W] LA R4 B0t & XU A2 FH 5
JERI TR R A E 45, 2012; FARZE 4%, 2005; R M BEC3E, 2004; 7K5F
W FI ERFIL, 1999a, b)o B T AERMER R A FEIL A 2 4h, DR B E &
MRHER T2 T & D EAL . N RERGR T DL Z bR R
AER IR S 2 M UG M VHEIR, 2006; £33 45, 2005; X3 Bk
28, 2004; XIIEX 55, 2003; J7H 4§, 2000 ).

R FH LT vl 1 SR S A I B ) 2 B 26 [ CMISS 1R}
K Velden 55 (2004)2%: T F# 1L H1IE =B B AR GIFTS (Smith W 5., 2002) 15
PR AR H ) o 12050 e ) F e LT v e v R 090 S A B 2 5 Ak T
[E 78 2 = R Sy W3, PR SR R = 4KV A AL T A A A EAS
[l 58 B 2 IR B i i R S A B R “ BHR”, #EMIAS 2 =41
KRS (I 1.2 FiR). BT GIFTS FI/KYR i 45 F A T35 T8 R A45 K
F, JBER BRI BRI Z IR, XERKFEE RN T 458 AMV 77 i
FEE m i B i R R 22 , (RN t AENS 3RAF AMV T AN HL & R 8 B XUBRZK . AR
GIFTS EH Tl J5 R 80 Bl A S R0 B 3 — B30 A A6 7E 0 1E R SR 4 o
15 205 . a0 4Bl 3R D — A F L TR K= D5 Fris gk i # b uE 20 sh sk i
PRI GIIRS $ AP 258, M T2 W S0 s AR oo 3 L 23 3 (1 = 4 K<
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1&g

R R IEY T R RE. W FE A 2 HF R 1 GRS =i I Ko e g

BRI S, BRI EANELZ .

1000

1.2 A GIFTS BEHIB KRG, AT ERARE L TR mu RN T 521 X
WEMEESAM (5B Velden 3., 2004)

Figure 1.2 Simulated GIFTS winds illustrating the data density and vertical distribution
that could be achievable from geostationary hyperspectral sounders of the future. (Cited

from Velden et al., 2004).

124 FEDESEIEA SRR TR N B
PR AT A e vl R ARIAE R TR 55 B2 N T R AR Lk 55 A

SRR A IR T2 (Menzel 2., 2018). AR 2L MRS LE L1 AN X Y 2 A /K VA A
AR AR 1) 55 R A O TT DS AR R SO IR R AR E A R R AR
(Sieglaff %§.,2009). =y 6 iE £L /MR 25 BE % T 4t = 3 B /0 FER 1 RS BR 2R,
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b TR D ORI ) B s 5 TR N F 7T

BB g RURE R 028 4 1A e s Y A i X8 P T 4 b 491 o KRR . KRl
2GRN RAR e B 5 B (LT %5, 2012). Biltn, Sieglaff %5 (2009)15
H T TR RS 0 MR S 5 13 21 1Y) 800 1 600 hPa 22 8] (11 AR 24 37 I 2 5+ g i 46
RERKAERES, Li & (2012)88F 78 KB AIRS 7 7% X 35S I8 P v 2 70
FRARLL, REMUERTHE A CAPE M1 LI 25 KA E RS X S48 5 fe
B A A5 M AE X6 VAL R A I PRI PR 4 H O I TV O PRI R S 2 . Weisz 55 (2015)F8
R 953847 B 2R DR il KSR, 4% AIRS. TAST B CrIS &5t
ATERE R, AT AP 3K AR R 2 (Rt (8] 5 41), 34 1T 3845 mT FH T J b 5 R T
BRI BRAE R AR, BT IR R RO, AR
J BB [R] 43 AT SRR, AT S e 5 DR Jie (7 v /N U R GEAH DR AR B A
WAHRFAE .

SR TR LY, AT R — DX Sk S HZE S U ) b BR % 1R U TR ARt
T ] — DX AR AT SR SR RN, JF T 8 8 P 22 083 o 2 R R, Bl #4311 H
ALY 8 5 A FH) AHI (Advanced Himawari Imager, Bessho 4., 2016). 3 [H
GOES-R &% L E##1 ABI (Advanced Baseline Imager, Schmit %%., 2017). LA
J B K2z DU 5 P2 ) AGRI (Advanced Geosynchronous Radiation Imager, Yang J
5., 2017), HALEAE R @A 2 F T N REER ARG MIETIR - Roberts
A1 Rutledge (2003)7H F 141 T DX 3838 WL ¥ 2= T 5 4 B 1L 26 mT DAL b o i
(0O S X A 2 3 6 I R 6 K TR - Meecikalski A1 Bedka (2006)42 Hi A FH 2= T
S it F K P 28 485 S R 3 TE DL I 5 22 SR IR A AT A2 1) SATCAST (Satellite
Convection Analysis and Tracking)f Ilfi Filfik 54! . Sieglaff %5 (2011)F]H GOES K
BACESIOR IR T 3T “ GRS BILLAL = TR IR 2 0 2 THAH S 7™ Sl AR 45
4 ) UWCI (University of Wisconsin Convective Initiation)%F i #4= FiAREL AL . £
b M3 S BRI R AT B B (3849, 15 2 38 d 0 AN R X R e T
BT ik TR AL AS 2% S M 45 A IR I TR Y, A kbR 7 AR A
R S DA B T T 5 B K (1) I Tl 7K P (Boukabara %5., 2019). Mecikalski &5
(20155 FH#Z %5 [7] 5 5 FEHLARAK 777245 RAP (Rapid Refresh)%U{H Hii4ik 375 GOES-
R # 1k TR = T IR AR 5 ARG &, M T RERE SR AT 0-1 /N TRAR XA
WIAE MR . Liu Z 55 (2019 FHBEHLARMR YIS 15 T-2548 8 51 AHI
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1&g

DHEFE WIS GFS (Global Forecast System )% Tl 37 A0 25 & 1) 2= I0 10 [X X6 7 411
A TR A A SWIPE (Storm Warning In Pre-convective Environment). R 57K F4)
PR TR IR) A W (R 1k TR RGO BE 8 SR B TR AL REAIE, (HR 52 Bk
73 9 B PR A1) T R = A2 0 B KRR LA S . Mecikalski 55 (2015) BB 7T &
I, EFMEER G 5] N NWP B e 42t 5 XA A R RIE =GR, M
117 AR AR B pl e 1 T U ) SATCAST AU R . Liu Z %5 (2019)d 1t bt
% SWIPE B8 Hp AN [A) () T4 I8 7 [ 2 MRV 23, ORISR NWP 1) K 84
CAPE 5 KA LB A BN EEEH A . KA R, Reif LLsm 7] il
=2 KU BN L TR e i RN B 88 S AT 40 T Ve B 00 06 1 3
TR E BRI B IS B

BHT AV SH R TR ER GIRS Eobil KA, FHEH s [ 4 #E%
A HE R AR S, BERE IR AN = Y i ERMIAE BT 1) 23 9 B AL,
NREIR M TR E S PER = 4RSS B ERE, 2016). O IO 70 AU 1
1k T e vl A s 7E R SO AR S B, AHEE TR E ABT UG IRS
Tt o FEE 7 i, T L A i RN F 0% B g At bl DK P AR iR 2k 1) A
A, 3 T B8 4 i B i oK SR A IR AR AL, DT B B b 3 T 8 4% i s R A 1
i R RSN AE(L T 25, 2011; Schmit 2., 2009 ). Li Z 28 (2018)i i ik
[X 2k WL 22 G AR 4EL 1R 56 (OSSE, Observing System Simulation Experiment) & Hi# 1
BIIE 1 1o D £ AR B 498 7E AT AR e DY PR At o Je s 5 R 1 T
= AR TR B IE DTk Wang 45 (2021)F1 FHTE & Wl 2 e #0156 (Hybrid OSSE)
I LA G R PRI TE 79 A ) b 5 R A8 o DK IR RE T DA B /K
FARAARIL T SO . BEE K E FY-4A GIRS FISZBRALgoRH 3R, L&
FY-4B GIIRS 7ER [A] 175 (] 73 HE 28 18R i, 42 0 8 10X 3t 4 s T8 A e R
JE RS ARG I8 AR STRRSE KA A

125 gEDESKERNNARENARIR

DL W. Smith ARERMFEEFRIZR T L4l 00 FAFEH T —ME kT AERED
B KA ERIMAY GHIS (GOES High Resolution Interferometer Sounder) ¥ 18 ¥ i1,
TP T S e E B AR ORI R R 2 AN = 4E X ) B A8 (Smith W 4

15



b TR D ORI ) B s 5 TR N F 7T

1990). fEAMEZLH], KEHI) NASA &2 RN GAERT T — /M b B0E @il
18 L3 A% 4% GIFTS (Geostationary Imaging Fourier Transform Spectrometer),
BAIHRIT 2005 SR HHEA . Smith W 25 (2002)82 H T HAE =4 R I =
B 2 3 P 238 KU 4 S A B WL e 22 K0 e A g T RTES AE 80T « L%
% GIFTS H)— RFBEARHT A H T RIS IR SE [ i B EUIE S G R A = 45K
AN, DL Ry b i IR AN R AU IR 1) S BT 5 (Smith W 4., 2009; Zhou
D K %.,2007; Smith W &§., 2006), SR ZALAR H A 5 2R

REM FY-4A TEBINIEEA GIRS A Ey MESR TR ILES % T
B AN G R ASIRIAL, RERE B At v I R] 7 B 2 1 = 4 K RIS 5., JF )3
TSR TERH LI, Yin & (202186 & X« BRI #E 1) GIIRS 1
FWLEEME A P AT R, DL i (R 20 B3R 1 GIIRS WL RR A% X
£ R B A RO S0 R TRARKG FEE— 048 T, Di % QO2D)MIBF St T w2
[ 73 3 20 T i G S LD AMARIICEE 3 B2 /N RO RSB AR A I S AR . B
RzW5 B R KRS, HAriE8® GURS M2 #R M 16 km #£E5] 12
km, IR 433 2 A0 8 S 00 B P R B 22 103 PRI T 3R 7 1k — 2D (R4 5

AR HL WMO FEXT BRI R G0 R B 5, $] 2040 A FRNA
/b 6 AN [R5 E BUASACRT i G RIS F ERUE R B A . B T RER
Wz 25 L2 LS, EUMETSAT i RI7E## IE#17E MTG(Meteosat Third Generation)
PR ERaAbE RN TE 2024 FEHNEH (Holmlund 4%, 2021), HAH
TRIZEZEAE 8 S 9 S )58 AR PR EE EPUIE L4 m e S BRI (Okamoto
25, 2020), FEH¥) GeoXO (Geostationary and Extended Observations) R #5
TETHRIZ HF(Adkins %5.,2021). Bl AR SR I 1 TP 214 ol vtk SR INASCLE Bt
()N 25 B o 2 LN i, DA SR AN ) 2 P Y TRl ) B e A 5, R A RO
2L AN HIE R T PR e A B R HEB AR

i LIRS AR B, et o R N LR ZLAN TR RE W SRS
e L R N R  RRAR, 1ETT Ss B 5 e R UR AR AR DR IR R SRR A 1R
e TR 73 B (R b T2 AR (S S 0t DX N KR s EAT EE SN, e NS S
XN RER TR G I TU% - $E3 T LR D2 RIS me il R e
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1&g

o E—ERE L BRI Sy, AR I il B R (1 = 4E K5 BRI X
Ae PR AL I R] 2 e (IR SR . DL GIIRS ARER B b TR sk itk KR

FERAIT T2 A = 4RI Sl U RSS9 SR M T 25 2 > 40K
HA A& = AN AT, IF DR SRR SN TR RN B0 EZR R TT

I o

1.3 #HRBMSHRAR
F2E>], ARBE TR DL LN ) 8

1.3.1 HEREIRZ 670
AT A BT AR RS
(1) U] 5 TA% Ge AR B 20 A i 6 1 BRI 1 TR AR A% AR RS

I AN TR S 7 T A A RNk, R ST B Al S B R A B I S, 1

SR A B TR e T A AR X 2 K ASBE 2R 1) S s e
(2) ey 22 [ b b AN ER R A SRR GIIRS B SLBril £ ,

LI B AR AR T2 A EAT e B 8] 2 % 4 AT S I PR RE o S S 78 0 1

IS [R) A A JE IR R TR R 2 S TR AR
(3) AT GIIRS WIS R H A 7K T L 70 AT e ik 5 I 1) A2 A B 48300
4, IR TR S A

B8, JE I R IE] 4> E R GIIRS ML 5 7 Y 4k X 37 e Ji A 2
5 GIIRS PRI I 18] 73 3 23 22 B (IR A%

(4> Gufal R A b 12 v e D SR IN PTR A FD 5H EL vet IT T) 0 3 R
W R RS, 5 RT3 R 0 BRI BEAT I, 2 S e B T TA N

TR IRUAT A= R R i AR AR

132 WRAR
EExt EIREIWTTR B, A SCHIRE T A A HE LU DYAN 7T -

(1) BRPDERNS5##1E T E RGBS RIE
Re AT AR A 2 v Sl s, 5 R X e 0 A 1 b 12 5O

REAT I A VLS o JE I I B ey 70 R AR AR AR 1 2 BRI AL A i 2 ot DA
WA RS SRR IEEE, LIS S SO R, IR SEBR R R
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b TR D ORI ) B s 5 TR N F 7T

(2) ET GIIRS WLH iR 1 B 2 S 8 DA Bz I e 3R A5 B BRI R o

£ GIIRS KB S i 8 T8 e U RENS AR AN [F) /2 RO 12445 B R AIE
TEE, X e B BERN S S ERAS 20 B Bdls i R 2k, Gl AL g
2 TR SR W HERA A i RO R U L S Sk, JFEE GIIRS fE G X
“HYRE SYITRIA 15 2 e HE AN E ML B, WIE T R G £ AR PR N 1] AR
AR JEAE R R B8 28 S P (1R P AT

(3) T GIIRS FWLH H 7Y 4 R 37 S 18 DA Bz B T 4 2R B R

A GRS fEG R “HFNE” BRI 15 70 e ina Wi geet, i &
JGELLANILIN LRI TR AR A5 B, 458 ERAS A it i DU 4E X Bk, @257
A JEE PR Y 248 JX 37 s QoA AR o e e Sl ST AN [R] IR 1) 5 % 236 P B A 2R xR AT
XHEEVEA 55 VAN R R IR 1) 939 5 06 X7 B s PR 54

(4) # 1L PERIGERN 5 G A 556 K I HER R A

XTI R T i R 1 SO R X ) 2 AR AR A SWIPE #EAT AL,
AL AT 5 > Y SRS A AR AR X ] 2 A Je A TR I E 7, A S B 1Y)
XHALR TR SEBLE B o AE TR R T AN BL ERAS A 94 BRI e i
() 73 F R 1 B2 mo i KSR EE , B OSSE J5 QP A A X i) AR T AR
AR F ) S TR

1.4 WREEIE R
AT TR SRR ZL A e KSR S ik BRI G N, 454G

(] L 5 A i LR B G i R R GRS, T 1 AL Rl 6 J58 4 A = 4
I s B8, B R T N FH 58 D73 T RO IE 7, 2284 LR J LR :

(D FIH Z R HERL G DL AR S YN ZRAESE, Sl 1 AR A KRS
A L TR RAGOULIN BBk S L 5 FFAERS S AR 70 2= ISR T SEIL 1 xR
P RO SRR Z B, TCHRARE R, e 7k AR
ORI 5o S DR 28 I A Aff 52 1) B2 M1 o A DRl 8 R 2 S iR B IS — LA
PEREMES A, WS R R 299, PR T A SRR N E ]
M.

(2) PR L TR BRI GIIRS 7E— G WA N2 Ui g
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SLT IRV ER AR R, EEITIR T GRS b U I R I R (R AR A Bk
TR SR FE M o AH EUC T AR 12 A R U S i, i Tk 2
e G R AR ASC R KB 28 B i R % 25 H DR B N T8 PR AR R

(3) A W IsE) GRS (i 8] 73 pE R MIME S, Sf Sz 2l
Z5, FESL T RS DU 4E X7 B s R, i AN [R) SR A 0 B 32 AR 2 e o
Ho IR YRR RE AT T SR IE o RIS [RD IR ) 23 25 (R et i 18 17 AN [ A ) 2 3 5 WL
Xt R SRS P AR o 2R TR LA T AR S 2 B AU W i, BT
I B AR, AN RO SR R AR R R URZE o H AT b 350 AU 7

(4) XF BT 70 A wf b AR RO (R e e 0 A PO S AR SWIPE 3847 1
DAL - I ERAS R A2 BR A bR 40 b T A2 R el KSR ) S s i
ANBGE R SWIPE BAL 73 #ir 1 HAEA R I IZRHESR 2 T3 AN ] AR K /N B 5
XU A P JREL I 925

1.5 ETLH

A EAT LA T

F—F: 5T NMATEEE SR, BLE Py AMHE AT A 7L R
FFFLERIA R, A TWSCHRF B, BF0 N 25 AR BT R

FE_E: U EPERNSHEPERBHBRERSBRRIE. AHEFMA KA
P 2 Suomi-NPP K SBRZR [ i 44 NUCAPS, 5k H GOES-16 [¥] ABI (¥
IR L TR, DA M RS i Bds RTMA ARG, AN E R 2%
FENL T RS AE NG S AR 3 = AR A T SO I R AR ORI IR 2 S T RS FE T
A OB OIS RS, e T 2 IREE DL ABL A [ 7 S5O KSR AR
S TTHR e FE SEBR IR 2 MR R A AT T REA, 940 Ar 7 AR i) ek
R

F=F: ETHIETERGERNKAREIERE . I E bR LA
1E TR LA RIS KSR GIRS B BERE,  aEBO T A [ Z RO R
G P EL A U M K B N R 2T M, DL ERAS P43 BT (1 K IR R 2k
TERVIGRIAE, FRALEET 2 R P2 I 24 1) KAl 30 2 S i 8 . ) Al GIIRS
TEG R “CHFNE” BRI 15 4382 U ekt , 38 i 46 B 146 8 18 0 0 P e [ %
A5 BB, s VR A () AR b A St R IR T B0 £ B RS FE F B2
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BE. Z2THIETERGERNK LRGSR FH#EE PR N
TSR GIIRS 7E & M “FAI L HTa] A W Bkt g O AS A2 UG 1
R A A ARk R, 38 I o S LI BBk DL R R N PR B[R] A2 AL RF A, 45
ERAS H 70 M8t 1 M7 BRERAE AN SR EAE, L3 T 22 48 1) = 48 X 37 [
PR o 3 P AN [RTIF T 23 B 3 AR R BEAT I 5, I8 VR ] 7 R X T X7 S i
A5 LR o

BAE: FIETEREERSHTN SRS RGN KBS BERMNA. KO
2T 2 e L TR RO ) SWIPE AR BURESEREAT LA, JFHFH #553
Hr#dE ERAS FOTRAR Rk i BDUE L TLRE e i R R I St I N 3 2
WIZREE 7, 5F8 1 0 9 L T2 e D AR X YA A AT A s T v (A
A

EAE: W5, WA RS RT B E e, TR BLA R TR
FERIAS XS BE— 2 AT T 5 A4t R 2

20



552 5 WL TR S kTR SR RIS U

F2E HRNDEFNSFHEDERGHEKEXSEBEER

21 5l8

KRR P AP (1) 3 ELJER R 5 9 S e 1 B B KSR B S L R R A
EART AR ERCE R TRIBEL, B S NEET AR REY), B2
BB SR AP Wttt 77, FARRIE S AR R o R A TR RS Rk 98 2 0
B, LEXHIRZ RSB I3 T, A T 55 F s R P R i RO 5 7 T 0
M, T TR RAERINAS 2 ) S s A HA S84 0 7 () 78 e Y L, el R AR Sk
AR DA S NI B I X 55 o R T 52 1 b R A S SR R T 3 5 1 52 A ) DA
BSORHL I 2 18] 43 F 2 (R BR 1), LA D I DRSO S V7™ i i 6 A7 T M1 2 B 2 e ik
BRI L. ZE RS GEHEEIR (NOAA) MIE 7 KABE M HHIE
(NUCAPS) fefg R AL AR FE K 2= 56 A1 T IR 2 LR 4 S s 8« i 8t it
WEEFER TR DE RS (JPSS) 1) Suomi-NPP H1 NOAA-20 PR LA |
[ 5 BUTE 20 A0 R ASARIA (CrIS) F 5 3ERB R A CATMS ) 1 W i 5 4
(Goldberg %§.,2013), REWLAHTERE 7 A LAES 2 K% (UMBC) &I 1EHi
T E H 100 AR E 2 R FE ANV B 7= i (Gambacorta A1 others, 2013),
St S i R TR 3 AR T S A T AR B AOIINE B TRk, A4
U R EFATIN T NUCAPS RAURIBE 4 S IR EEFI i - R T — &
FI ARG 56 A0 N AR 56 (Nalli 2%, 2018, 2013; Feltz %%., 2017; Sun B %%., 2017,
Smith A %§., 2015 ). FFHl2 AL H SO R RN RS (LSS) 9 FH PR
K6 (HWT) HZFSLEH, FiikAKI NUCAPS [ & A B FHANIAE KA
PR 22 G F (10 25 TB) RN 8] 2% 1, Lt 41 5 T ok 30 20 A i 2 T 30 b T A7 AE SRR I
AN E M o X AR AN E T RE o S BUR I S SR BB R W, O PR
NUCAPS £RI A ILATA 7= 5 (33— 25 N (Michael F1 Kristin, 2017). 1 4%}
ARG RE (CAPE) FHATHEE (LD 576 XU PR A il i #2 v A7 2 U
Yoo s s B T A HER A2 KRR R B R iR 22 . ik, TR A&
AFAHRE FARAES EFARATIZ 50X T NUCAPS TERJE KA M s 45 Rtk AT
FANMESATIE, XIS TAE A BE 5 i XA
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TR RO MR R ARUBR 2R, HORE FE P IE I 5 6 (002 DK B L At 0 )
JERHATRL S RINCARHE . F24EH) GOES KAHMA S s HIk IR T X BRI
V2, JE P T IR RE T R A 4 A 3 ok S BRAIG = R U 2k 1) b 2 (Hayden,
1988). Smith W %5 (2020)HF 58 KL, I8 @A Bl TR S e s Rl A gk 2
P2 USRI 7 i, AT DA e B TR ™ i 7 9 T P R AT e A v o 0 T
NUCAPS %4, Bloch 2% (2019) FUBFFEIER, @idfl4 NUCAPS JFR£: AN
LM, 7T LA NUCAPS 7= i % 1 B 6 i A 24 hL B (SBCAPE) HIA A
NUCAPS FIPABARH T —Fh B I&RARIE R, 85 RS2 AR 23 £t
(RTMA, De Pondeca 5., 2011) 52 B X b 7 i 5 A0 2 e 00, Gl — ARG
(K3 2 LB # NUCAPS HIMKJZE BR £k 45 B (Michael 1 Kristin, 2017).1X4M&
BUG K] NUCAPS JRAZ S| | Fik RGP, BOVE HERE NUCAPS Rl
FUFIRERE, JF ELATE T R A TFahiT IE RS ). SR, TSR IE T
HTHRBEARMRE R, B WA B R EA R 1) BREFAR
ST B e AR A PR, JRHRTER BRI b, DRI AR A DL i 7E 2 B 7 1)
FRRIERIZ @ ER: 2) TR SR FEAEAR)ZE B B AR 0 FE AR BR T 52 bR 11
WFEN, X m S TE ST I8 P B AE AR . FEX IR, 752
— B SE B VAR ORI E R SR RE B, AT 42 = NUCAPS 7 i E RS
T, 5 R K R TR ) I P R

REFT 2016 4F 11 A ) GOES-16 # 1k T2 2 3 Eg— Qb ER [F 20 12 17 7R 5%
BE (GOES-R #71) W —RIEE. R¥E GOES-R #¥|LEEAHR CrIS
FER G 2L MR OOCR SR A B = T By PR R UBRZk, {1 ABIT Refigdtt
KRE K AFFE MG S B . ABT #3838 1AL R AR I, DU M6
JIE (11/13/14/15) Al CO, HIE (16) IMEZEKABUK, FONEATHIRE K%L
7 R BT IE B (Schmit 4., 2017). Bh4h, BT ABIL 424t 7 B i a4
PR LW, & R PN R KT B RHE R (8] 42 £k o IB4T, ABI 1
A RSN T NUCAPS #13% (FOR, Field-of-Regard) P4 &4 [A) 441 () 3K
M BSCATTRE . BEIRGIE 7 FE R I IR AR B ) ABT AR MESE LR AT 1 B4
e AR AT (Schmit £5.,2019,2018). fHRE ABI {15 B AT AT B 2
KM NUCAPS i e SULIRIR, [A4E 73R BRI o OB LA K
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KHL RSS2 RIS BRI L 2.5 28 BLAKCP 20 R (R SR R RS 3 W3
RTMA B % 4 f1t kG 52 () b T 3 B2 5 08 FE WIS 2 o SR e X S s 5
NUCAPS 1) [ i B AT FHE 1 A Rl A, % T3R5 ks FE AR )2 R RURIE
JER 2 HAT B B R 22 5 RS 1B

RIEMZMZE (DNN) ZIEAN THEMZ (ANND 5L B RRRR, 75
By N A HE R 2 TR 22 SRR R 1 — R 81 2 JE 42 R 4% 1) SRR (Bengio, 2009;
Hinton, 2006). DNN 7EUFENALGE . AEYE BACEEFIE & (R 5] S S T
Z I (Tao %%, 2018, 2016; Liu Y %5, 2017; Liu J %%., 2014; Seltzer 4., 2013;
Dahl %%.,2011). fEKSFIEH4IRF, Boukabara %:(2019) #§Hi DNN A DL
HFHHRRE . i BdEFEL, HEERINIETIRE 2 AT, 7R KR
T, DNN Hke — ook HARH &80 TR . 55k, 5T DNN [WHEEAE
TEROULI 7 o R 22 AR TR DT TR A TAR 2 AL, 4 Tao %5 (2016) JZh A
DNN ' Jli/b TR 37K it B i 22 A %4, BAAC Zhou A1 Grassotti (2020) ) TAEF]
HI DNN SEIL 7 4E% MIRS 2R 48 iR Sl 22 18 1 18 778 fEIX S8 AR,
DNN 7EACBEAEZRME G RO TR I RIFIAE ST, I HAEAE AR R HEm TR
TR 77 TR T AR R AR o Ik SR PR A L AR & A 4 R Al & 2 VR s
HLAIE NUCAPS S TR K AURRER 1 SRS B2, A8 L S nsd F T s i R <
AR (I AT TR AT T

AN (R FE A BB T R A )

1 AifnE A A DNN il 22 P R S (R)Z R NUCAPS . s 2

2. A3 MR Ak TR N R AR b THT SV R B Ry i NUCAPS s i
K FE IR SGEE A4 5 2

TEARZ T, RZEKSIE 2 sigma ALFRH 0.7 ZEHEZ (8] 2K
K22 F 5 X 700 hPa Uk JZ 5 HUTH 2 (AR JE IR . A5 T 90 9 25 A8
FI ERAS 4 T8/ ApLES 2 o0 SR 0 BUE R, 85 wh 22 X 45 1 5 FH 73 2
AR LR AR BEE FH T il T ARG RS ™ i, AT B A b 82 FH T %6 T )
Hb BRI AR TR AN T . BRub 2z Ab, B ik TR AR S5 A T R
HELE R UE B SO IR A B DA & B AR BTk, o T8 — AR B
EIETERIFRSF & 22 0 IR0 2500 B FH LA 8 21 i S0

5
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22 WR#EE
2.2.1 #F CrIS/ATMS #) NUCAPS REH R

A FALE R R E A 2ok H A8 8T S E P 22 Suomi NPP (The U.S.
Suomi National Polar-Orbiting Partner-ship)_t ] /= 't % 2L #M R WX CrIS (Cross-
track Infrared Sounder) FIGLIRM X ATMS (Advanced Technology Microwave
Sounder) HIMMIME R, ZHEE KK S5HEERNOAA)E ) NUCAPS (NOAA
Unique Combined Atmospheric Processing System ) ikt A [ i 15 £ #) EDR
(Environmental Data Records)&#li. ¥t & 7 REFANSFER (g5
R (S S Cnsb iR B S <R, PURIRE . KV BA R At R B
YAl Ciniige, —SACRRSE) £ RSP IEE B AL .

2 S B IRIR . — 2 LLAT R IR CrIS, 1R 2211 MR
DI TE 9 FR AR A, ARARO GG 20 3 XS B = AN LA GG X A, 35 %)
NF KW LA (650-1095 ecm™), HHBE LA (1210-1750 em™), DL JE % 40 4b
(2155-2550 cm™)o FEZF (A3 L, I K/NEE DR RTNUA AR Atk 1R
TR (Field-of-View, Bl FOV) HA24 14km. & 2.1 fosifsE CrlS EJF
OB — kPR E R, AL 3x3 JBAHFIH 9 > FOV M — AN LET A
JG (Field-of-Regard, Bl FOR), /&K i FOR I K/NZ)7N 50 km (Han Z%.,2013),
A FOR BIXI Ri5 NUCAPS J 7= i AR A 2 (AR TG

NORTH 333

Ascendin&&

B 2.1 CrIS —KEFFEXMAHENY FOV (LR B SRR SIEET FOR
B FE B EMED AR AEEREE. 5 HMan %.,2013).

Figure 2.1 Schematic of A ground cross-track of FOVs (solid circles or ellipses) and FORs
(dashed circles or ellipses) and their related geometric characteristics viewed from the

satellite on an ascending orbit. Cited from (Han et al., 2013).
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[FIFEFE 3T Suomi-NPP # 3L T2 LR R ZE ATMS (The Advanced
Technology Microwave Sounder)ffi 7 it 23 GHz £ 183 GHz i) 22 MiliE
(Weng %§., 2012). ATMS HIZ5 1-16 J@IEH BT R S MHLTHT 2 K2 1 hPa &
FEZRARBE R 2R, 28 17-22 1838 A T R i 2249 200 hPa 15 FE 2 1R
TERE B2k (Weng %5., 2013). #E NUCAPS EDR 77 S4B, XFF ATMS 7£F1
CrIS HHE S M LI CrIS 1) 3x3 FOV [HEFIE, DL H 0 FOV A ILEAR
#EREAT 7 B R AF (Gambacorta 4., 2013), @i 2.2 Fraw, Mifif3 2] 7 H T NUCAPS
SO S A T ALAMS OB BUE B SR A LI A

CrIS/ATMS Matchup

F [ T I T I 3

31.8— —
31.6— —
314 O Q —

= - Q i
= a2 Q _
31.0— n —
30.8— —

L . CrlS FOV |

0 O selected ATMS FOV 7

306— (7 __j ATMS FOV _|

C 1 | L 1 L L | L L 1 L | 1 L L 1 ] L I 1 L | [

-101.0 -100.5 -100.0 -99.5 -99.0

LON

B 2.2 4F5%—AMEEE NUCAPS FOR # ATMS 1 CrIS ILERRALZ R EE, HAREFHEMN
B ARFRAEAILEEX RELRZ% NUCAPS FOR [ CrIS #13, H 6 BUAE IR AR
¥ A FICAS CriS 1T ATMS ¥, A ERA IHUERHEARREH T REBHE T
UGHE 287 NUCAPS FOR #8337 (Nalli 45., 2018).

Figure 2.2 Schematic of ATMS/CrIS collocation for a specific NUCAPS FOR. The grey
shaded ellipses represent the 3x3 CrIS FOVs that composites the NUCAPS FOR. The white
ellipses with bold black borders represent the ATMS FOVs that are selected to match-up
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with the 3x3 CrIS FOVs, while the white ellipses without bold black borders represent those

ATMS FOVs that are not chosen to match-up with the CrIS FOVs (Nalli et al., 2018).

KAWL TM 2018 4E 4 AZFE 2018 £ 6 HEEE CONUS XI5 (20°
~55° N, 60° ~140° W) [f] S-NPP #%4: =4 H ) NUCAPS V1.0 451k EDR
i (Liv Q %5, 2014). ZEdif 2518 | 3 X3 HFIMA35 M CrlS F1 ATMS JLHD
IRIIARSE A, BRBETERG 2 FIAERE K 2 7 75 S A R RSB S Sii  ZHE E
TR 2.3 R, QR R ERHIEEL R ROEBTER . B CREE ) & 5] H
BRI SR AR 2D A B SO A, BRI 415 2 W Gambacorta
% (2013). fEFEE M |, NUCAPS S R SERL E 2 75 0.016 hPa &
1100 hPa 1] 100 N SEJZ, 43 XS BLT-Jd S 48 A% i X R (Stand-Alone
Radiative Transfer Algorithm) [ 100 M5iEEZM 101 NMEEKT (Strow 4.,
2003; Hannon %%.,1996). fEAZMIBFFLH, NUCAPS KAEREAE N 7 Z otk 1)
SR, A A A 2 0 248 1 T BE TR IR 7o RS IX T 72 I AE AR JZ KX, 700 hPa
Z 200 hPa Z [ Z R A S TERF Xt Rz b, HLAEJ5 SCHIBE T [R5
TR Bribz b, EIIZR P BRATH SN T =R E S, T3
TR (10 S5 s THI A2 75 A0 T 1T DA b o 6T SRz T LR BJE G ZE IR 3R
AR HON SR SR, HIXEe R F RIS RAW A ETEG T b
HT NUCAPS FOR [#73 #F3ARMH (£ 2 T 2008 50 km), 582 IFZ 1) FOR ££
SEBRE LN AR/ EEB, 1 NUCAPS 14t H IR K—3 oAb T340 = )
RES o A R RAERE KA = (1 NUCAPS M7 % F F BUHR = KA
PR IS 35 R T
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Level 1C T H 5

¥
LR 4

v
Eanss

Tl B R O T 3
e | T
i = iR !
IR () &[] )9 e 78

L4 SR R
v PRI
| R 8o — AR5
‘,_,__,_——5—1 ey

‘ i U B

. v
AR
v

T TR 4—| L/ELY R =
v
| Level 2 7= i

2.3 NUCAPS BEEmFEE (B E Gambacorta 5., 2013)

Figure 2.3 Algorithm flow diagram of the NUCAPS System. Translated from (Gambacorta

et al., 2013).

222 Bk ERIGIN ABI
A AR T E IR E GOES-16 A CONUS [X I [ ABI

(Advanced Baseline Imager) PREFAFIMEHE . 1E % —18 GOES-R R4 &2
PR = B UZ A, ABT 5 LLRTH) GOES RUGAXAH LG, ThEER T 1R Ktk .
B 16 JBIE MG, LT GOES Mg % 11 AMiliE. ABI i&H
A2 AT GOES BUGOCEAGA R [A] 73 HE 3 (ZLAMEE Y 2 22 HL) AIEE = Y
IR R (SR 15 0%, 6 CONUS Xk 5 4h, P R E
(MESO) XIEMYA 1 438h) (Schmit 2., 2017). 7£ 16 4 ABI B, k@
TANCLANETE (35 8. 9. 10+ 134 14, 15 A1 16 18iE, BIHLEK 6.2, 6.9, 7.3,
1037 11.2¢ 123 F1 13.3 pm @) [P 2= i UL NUCAPS #3% P g =5
sl AR HE 22 (STD)FEAS 3 (M 78 rh BV A TR R 7 AR B NI SR X 283
AL TR BT AR EAN AN F] = R E KRS TE GETE 8-10), L& =ANAE M
ZLAME Xl 18 13-15), PLA—A> COriliiE GEIE 16). IEWIEA1E HIL
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R HRBLE (& 2.4, SIFHE Schmit £, 2017), X LLIEIE B A KE RS
AR BURNE, ZEAGSH RRRZE WA RARBI E G R, X EE B
TAREL kG B2 (R R AU P i e BOREE . RS CrIS Ml ATMS #4548 T [F]—
FE IR VIIRS (Visible Infrared Imager Radiometer Suite) A5 5 = 1) %5 8]
HEER, ABRZAGER SRR T ORI BKVGEIE M CO, EIE (Hillger 4.,
2013), HTEA B TEEA RIER . Bk sh, 5 B ABL k&
(Heidinger A1 Straka 11, 2013)#% FH KA ABI 4870 b BN 1552 B =5 5% .
FERZI I, 3K E NUCAPS HIAA % 0, SRR AT T2 18] i B
E— ABI WL, FHSRARIX —HL N A ABL B 2 H4FE. 1T ABI 7E
CONUS X PRHF 5 70 oh P MM, FIRE ABI A NUCAPS 2 [] (ULl i 1A
ERAEEL 5 5.

18

20

Band 98 ( 6.17¢m) : 234.9K (-11‘8 3C)
Band 09 ( 6.93¢m) : 242.8K (-30.4C)
Band 18 ( 7.34¢m) : 254.5K (-18.7C)

30

Band 12 ( 9.61um) : 258.5K (-14.7C)

" —Band 13 (10.33¢m) : 285.9K ( 12.8C) )
~ 78 g & -
g Band 1 ] /4 1 k |
E Band 16 (13.27¢m) : 270.7K ( =2.5C)
¢ 108 -
>
1)

)
[+
b
(-9

200

300}

Seafr

768

850 -
1008 —

& 2.4 ABIAAMNEE GEE 7-16) 7E 1976 FEE RS %M T (U.S. Standard
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Atmosphere, 1976)F1 2 T RN E R LEMNFE (5IHE Schmit %.,2017).

Figure 2.4 Weighting functions of the 10 ABI IR channels for the U.S. Standard
Atmosphere, 1976 and their simulated brightness temperature at nadir view. (Cited from

Schmit et al., 2017)

223 it REME 5777 m RTMA

SERF R T (RTMA) S22k H T NOAA/NCEP 1178 % # 52 H2 41 51 4y
PR REMAFEERN I SR, A 2-Dvar BT 1
NCEP/EMC % x4t i1 4 B (GST) 5 i K [F] 44 5 R0 A0 122 55 5 000
RTMA H i [FIBEPUAN X380k %1247, Bl CONUS. BiHLfiin . % 2 52 % A =
R M R Bl e (NDFD) R#G,  [RI4G 1ok E Tl st o AT as o R Ui
% (METAR). H ML (Mesonet)s MEAH VbR~ 1% U ORI H 3)
&5 (C-MAN) BRI B2 kL (De Pondeca %.,2011). fEAZRIBFLH, BAH
2.5 AEAKF RN CONUS-RTMA KRB/ N 2 K FE AN &5 s /0T 5
PRI ZREEAE AP ATI0I R 7, PASR AL T RSB 4 S I AR B (¥ 30 b T K
AUEE . TR R KR T )2 S5 I0UE RAAFAEBGR B R IE, RTMA A% A5
YA R A0 o N T R A 1 S TR M TR T

2.2.4 ERAS BOHHEE
ERAS5 2R RS RS ik 0 ECMWE JE R K T4 % ERA-Interim [

FARFESITESE, FH 7 ECMWF $i A2 IFS CY41R2 4D-Var ZERHEL R
Gi. LRGAETEE T LA 137 4 sigma/SERASHRE, #RATH N 0.01 hPa,
LT ERA-Interim, ERAS A 5w Rk PRI B2 4, DAK B o i HE AT
K (Hoffmann 5., 2019; Tarek 5., 2019). ASHF 7T A A I EFE(E 2 M 1 F) 1000
hPa ] 37 AN e & R T, AP ER 0.25° , IR 1 /N I B 77

ARG S, ERAS B SEM AEr S M % e, LA T &
AR ESHE . FEIRHNRZ, ERAS 2 2GFTAENE] . 25 18] 20 32 DA S HEmfa ok
IR TR A 2 —, R TC S BRI g B S U N B 3 A A g A
R BAE, (A T35 NUCAPS Jay i i At 7] fr) 22 57 S 800RT I RE A Al /b,
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A e DB BN G B 5 (1 ot &, IR T AS 22 (1 0F 706 ERAS (KR SEEERAL A I
ZREAE, 1A IR AER A LA D S ST e 96 25040

22.5 JoEkEIERT A

A a8 v TR S I 45 SR PR S U SRV T NOAA JPSS BTSRRI, I NOAA
NESDIS & N 5#HF 7 /p A% (STAR) 1847 ) NOAA 7= fH5AIF 24t NPROVS
(NOAA Products Validation System). 1% RGtHefit 17 H % 15 28K I 5 R kR =
SLIUAF G FC (0 %5 T 22 TR KR R 0 R 2 S = o LA B 0 o 1) o T )56
LRV RIAIZREL . ULEC AN H(Sun B 25, 2017; Reale %%., 2012). % R4 HIULEL 7
AR E RN R, R B0EEAS = 5 o i 2 BE B Bl 1) — AN B FEAT X b o A
BT A B IR S Bk 5T 2017 AT 2018 4E%-H I 6-8 A5 S-NPP T
R 3 T I VR AR DG FC T R 5 0 RS, 43 0ok AL T R KT B (SGP) ) s it
17 () 3 [ BP0 R A0 I T RS (ARMY),, 32T I BL 22 ] DLJR IR 4 R RO 8 4
R PUR R AL RS AR G0y (BCCSO) 4 BR 1y 25 FE AE LI 25 (GRUAN),
AR AL TR i 2 M /R A P ) A oK v 2 SR E L35 (GRUAN) o fEASHE R A2
X G R R I FHE VA B AL B R BRBUE Tk R g 24, g T T A
B e bR AR B 5 S « fEA B IR AL, O T SRS R B R A
T DL R ARG (TR, — e AR AR S-NPP TR 2 /N DAY [ R A
W AR R I R S . BRI, AR TSk E T SGP Y
HORLER AU, T I LU I B W B AE NPROVS R4 .

23 HIEMAIE

AR E W TE TAERARMH T 2018 4F 4~6 H 3EE KF CONUS X5 11K H
S ANEARIR I BORMRT = i (AR 2.1 Frs), Hh B AR E A4S (1) NUCAPS 1£
200~1000 hPa 2 J&] )Rl B RN AR S B 2k, BL AW 2 FOR TN s (2)
GOES-16 7£3 E CONUS X3/ 5 7381 ABI im0 H s Gouml,  Horb AR5
T 3AVKIRIBIE. 3 ANE XIEEA 1A COLBIEMIMIA A T 2 50im M3m i
G rsimbR ez . DURIE B R S T (3) RTMA UM 2 KR K #2 iis (4)
ERAS5 f£ 200-1000 hPa Z [A] i BEFI KV AT R s (5) Jodk R WL Y 200-
1000 hPa I FE MKV A R4 . AR AT SC 2.2 75X TANFEEEE B Rbhie, A&
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(I 7 OB R D NUCAPS A B2 R K VAR B Ll I 2 B BR 2 7 b A A S T8 50t 1)
B, M ABI B3R E KRS B A ARIER 7 M EEE NUCAPS
W37 A R~ 2ol B AR e 22, SRS 73 il 4Rt 7 v 70 i L T B LA
B FAERIA N B3 — AR o 25 3 T IR TR b 5 S S i W (4 5 7 5 1
AL P A R T A B BAsec (8) TR UM BITRER R 724 v o T30 906 = 464
N, (EEA FITERE T I BL ABI 125 4% 56/E NUCAPS 3% B o5 i
ARG EL R, 3R F RS 25 3803 () ABT S I W0 25 18 S FUbm o 22 RAT AU AE NUCAPS
M7 P 2 B 43 ORLIE B e BRI b, AT AR BUIHE R UG S, iR
VB R R R R RN T SR [ RTMA BT 2 K AN 55 2505 BAE 9 Fildk
K-¥. ERAS {E4 H BTHER BERCLFIN, B 2B AEAVE I i i 58, HLAE
200 % 1000 hPa - [A] 6 E 5 /KRR A b 2 B RR 2R A5 2 00 M E i 518
SRR SO AR P U S AR, AR BT 22 o 5% 11 i R TR R o T R 2 R o
VR T R B, FXE T S st 28 SR kr 36 S0 R SEBR  , RA 524
Morvk, E TR WIS NUCAPS 76} 8 123 6] _F VTR e AT b, 35
ANBIRELN R 77 EERIREA &, SO AR N 2R, TR A T
HER T ST A IR VTl o FEVIZRZ BT, XTS5 I 90 R R B0 i 1l Ad 34 - 2
FE ] N A IUAC A K = XA EE = AN 4y
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®21 FEIFNRETEREINEREES AEZE

Table 2.1 The datasets and variables used in the training and validation process

Hym i i A FAL

J6. 7 (200 hPa FHhi) K

el

NUCAPS  /Ky5IR4 EL(200 hPa FI i) gkg'

UATTRWAS hPa

HIE 6.2,6.9,7.3,10.3,11.2, K
12.3 A1 13.3 um (520, A

ABI Xt AL Y S i v 22

TR (sub-FOR ABI Homogeneity )
PRERIMH: sec (0) N/A
BB L %
(B TH =R
EEG R A = 1% KT
x 100 %

RTMA HuTHT 2 KIGEE K
HTHT 2 K 58 5 K
Tk =LA ERAS5 5. (200 hPa 3| 1) K

KIFIRAH(200 hPa BT kg

pUREvans RAOB 15 (200 hPa F|HbH) K

AKIRIRA (200 hPa ET)  gkg

23.1 [REEH

SXoF 5 11 5 B o) 3 A SRR T T TR O Y K o T NUCAPS %,
BF A8 AR B e A B R B A5 & (Quality Flag), KM THRICA IRTMW S i i
HEKKIZBIT. ST ABL LR, 783 57 1 Quality Flag Z&filiz b, fif
FI ABT ML 5546 B 5 A $ 47 (cloud mask) % T 52 21 25 Y (LIS TCHEAT T BB .
X T RTMA HuTH 73 #7137, K H 5 ERAS J#EATA% fUULEC 2 S5, B 5 6 RiA% i | ERAS
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HUTHT 73 BT 3 TR RE ZE R I 4 K IRTAS s bR e A ORI E M, HERRTE VI ZRANAS 5%
R, BhAh, KT NUCAPS 1 ERAS RSB, N T SEBRRIEMI AT, K
- B BT SR T H T DA 2 IR B R AT 1T 1E, B ik df Hh i LA b A
R ERIRIRE s, BT AR 56 43 BR 2 I AL B AR A, X — 07 28
AW A ETENALERM R Z T .

232 BYZEICAD
EREINZAMNIRBHE L L FE T, XT38 2.1 PR B TR R 722 = A

AT T IR A0S E]_EAIUCEC. X T NUCAPS 1 ABI #) 25 [BIUCHEC, {3 T )8k
W BB K S A R 5 TR POy (Space Science and Engineering Center, SSEC)
fX) SIPS (Atmosphere Science Investigator-led Processing System) [#1BAJT & (VL L
T.H.(Nagle F1 Holz, 2009), %} F NUCAPS K44~ FORCE[ 3x3 4~ CrISFOV),
R HBREEANWTA ABL Bot, FErHE AL & @ 18 2R 3 E 5 1
Wz bR EZE (R FOR W ABL WLINSE IR 3 — A0 R D o FEI (8] 77 T, k%
T7E NUCAPS X454~ FOR [ ERINET 7] 2 /1, 5t 19— IR ABI G A0
ATULEC, AE LIS (B [aIRG /N T 5 208 . %F T RTMA F1 ERAS S6t& rily, fFEWT[E] |
K FH NUCAPS UL I B 17 7 S 795 A 68 150000 20 A S50 R AT I [ 2R PR A A, P AR
EAE 4 ) B =R AR RS FOR IR OAAE F, &5 S5
Priztd a2 NUCAPS MLl 55 S 368 o s 1) A o5 b

233 =XAE
Z B3| NUCAPS MMk (HAERZ S0km), Hoik & i 25 A4 114 Jo e 8K

SRR R PN e S T R LT, AT R ABL S A 7 1] 4y
o CRT A 2km) R, FIHZE 5 7E NUCAPS A = B P48 21 23 1
ABI %704, FHREHASE IS ABL FoeEHIHM, LSS G CHiE
A NUCAPS M7 i ABI R 7c7E i AL AT BT S I L], R — “I
AR L7 MRS I B AR B LRSI\ B TR R 7 HdE 42 4 h 2 5114 H159
—EHIR, R RINA (local zenith angle, LZA) %K ABL 47T, AHXIT LZA
BUNEMG oG EA ORI A S A, RISE S AR . X — “HE TR LR AR
RHEHAEM ABIZLIRISEXT T84 NUCAPS FOR 7 [ 50 [ 3 WL 4FE FRIAX

33



b T OB RN 1 S8 5 T N B T

w1, HTAERD A 28 FOR A AT I ZR. Kl 2.5 RasHIZ 2018 4F 4
H 1 H 0729~0735 UTC HiE] NUCAPS 7E 3£ [E 55 # 1 — W LA & 5 ABI [
ILECE SR . M 2.5(b) B XL AT A 31, £E 36 KR 35° N BAJE, 275
FHETEALES, LA D IR R X AR ROV H N = R w5, S8 T
e 3 [X 5 4 25 (1) NUCAPS 80 (il 2.5(c)Fin). fERSFIH T ABIEERX
PN BRI 25 15 0 LI AR R B> NUCAPS FOR M= A5 B2 )5, A
FEARAR T RENM. WNE L1 L1 LA, X —NAEEAE
ol 2 L IR il M M (X% 55 74 BRE pU LA SE 1 X 3RS 7 SR 2 ] Y FOR, 1#E 35°
N PAAE PA S A % BLR AR 5 e i, T = 78 e O B0 3 B B R 1Y) ABI
Bot, HTGnE e A FOR A D

(a) NUCAPS T850 (K} (b} ABIBand13 BT (K)

b on IS P i
95°W 90°W 85°W 80°W 90°W 85°W 80°W

(d) Collocated ABI BT (K)_Cloudy

20°N 270 20°N (S 4 L — 270

Bl 2.5 7£6 =R T ABI I NUCAPS HIILEL, (a)NUCAPS 7E 2018 4 4 A 1 H 0729~0735

UTC #i18 T2 S5 B 19 K35 850 hPa JEJF; (b)ABIFE 2018 4E 4 A 1 H 0730 UTC % 13

BE (103 pm) KIRE; () A NUCAPS EEZEMFILACH] ABI =iE; (d)F NUCAPS “HE
SN EZ” LK ABI 3R, (B K)

Figure 2.5 Collocation of ABI pixels and NUCAPS FORs under partly-cloudy conditions.
(a) Retrieved 850 hPa temperature from NUCAPS during the overpass of 0729~0735 UTC
on April 1%, 2018. (b) Brightness temperature from band 13 (10.3 pm) of ABI at 0730 UTC,
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on April 1%, 2018. (c) Collocated field of ABI brightness temperature for clear-sky NUCAPS
FORs during the overpass. (d) Collocated field of ABI brightness temperature for ‘clear-sky

& partly-cloudy’ NUCAPS FORSs during the overpass.

24 MEMELE S

AFFFERTT RN T — e 2 B R, @ i fla >R ) NUCAPS 4483
3% E H A (sub-FOR) 11 ABI MMIAISK H RTMA it NUCAPS *f TKZE KA
IR IO R 24 S TR T o A B K F R I ZRAME SR 52 2L T (Tao 45,2018, 2016)H)—4>
VU2 A e 2 W 4, LIRS 2.6 TR« M oy 2 AU E G
R, FFHME T RIFER R 5% 2. B—ZAmEnsick g T — 2 1iE
BIE B, (s BT, JHREE R A, e s 2
SR, BB AARS T E M E It Mg — R HERAZ,
i — R H B A TIO  H )2 o N2 R 2 2 R (R RO RS, B
JZR F I AR S M0 e O TR S AR 2R I 5C R IV ) 28 OQ F L i A\ A%
ZHE R R G A TCZ MER M SHOE 06, XS4 CBUE) TEFFAGRT @
WBEHIGA L, FEIE NS AR IR B BB 2. FEMA S, 8@ B
— MR EL (loss function) KIFALLE I ZRit A IR 2R (K PERE . 24451 25 bR B
H R I T BB, B AT IR BT RS B2, 2% BRIV FF A AT 1R 222 14 s ) A 1k
G U — JE REHAE, BB R 0e 22 HARTE FE Y .
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Bl 2.6 AENANNESEENMENSEUTIEE. F—ERRAAE, WAZEBRNEHEAE

R—EHmARBAE, £, ZERRBE, ATAEELERE, FUERRMLES

H BB TIME. Wy R T H i BHE j BEZRARMETZ AERINE, 58
BRI P SRS RV A\ A i 2 TR ISR 2R

Figure 2.6 The four-layer, fully-connected NN framework used in this study. The first layer
is the input layer where the predictor variables are input. The second and third layers are
hidden layers where nonlinear regressions take place. The fourth layer is the output layer

which directly links to the target value the model is to predict. Wj; stands for the weights of
connections between different neurons from layer i to layer j, and works with activation

functions to emulate various input-output relationships.

T AT A M2, HR N E ISR TR S, fdE
200 hPa KLU RFTESEZH) NUCAPS & AR {E ABT WIAR &K 2.1
EM RTMA A8, ATNASSEHSHAE— N Z 0. PN RaR i B — 7
/& 2% | (Zhou Al Grassotti, 2020; Tao Z%., 2018, 2016)H] F #1225 o 2% 7£ T & W
DB S s ) BB B DA 5y, o5 — O TR T 0 T AW AL ) 2 I ZRilat, B
1 IR S A R A0 A UG B, 38 A5 4 ) B2 XA FE AR R R L
AR FEHE T T B 4 B B AR 2.2 B . 200 2 00N, BEANBEIEUZ i w
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22U R BLE N 100, il EH A - igoofURRE ERA RE SR IR
FEARFERIIIALE R, e 2845 31 1 S Soat BR 4 ) AN ) U 2 B 0 s s 5 2R
ST R ALK TR A 7 A2 e A\ BB AL 2 |7, XA TR 7 AR kAT A oy
ORH—AE R, HFRIE Ay

z=((x—-u)/s .. 2.1

Horb x A FERIE AR B FIGME, u IR EIERITA AR A1)
B, s RRZLEETAERMAFERFIRRUER . X —TAEHE H 12 EBRAE 342
EEHEY L ZE S TR ZRPCR e . ACE RN T TR A T
(He K 5., 2015)HF K ) — P BG4 T, PN He-et-al Initialization. %77
VRIS F A0 BN B R ST R R T, A2 R TN £ 1R I 25
PRI ZRE R R o BRI EAME S R A, FEREE R TR
%% ELU (Exponential Linear Unit, Clevert %5., 2016). %3 %55 5 H
ReLU (Rectified Linear Unit, Nair A1 Hinton, 2010)#F B8 ZAE & AL, X HIMLAE
TR A ER AR AR, HRERWT:

X , x>0

fx) = {OC (exp(x) —1) ,x <0 ... 2.2)

EAE U NI |, ELU 5 ReLU #H[, {HJE ELU 7E %R AT D™
A, IXAEARE T DU JE T R e 2, T B A S,
BORBL TR EFRENL, (AR EREEAC. AR KNS g, &8 7%
iz (MSE) 1E R i 4. sah, FRAMERM T Adam Optimizer {E4
MRS, H TR R B e /ME . Adam & — B Rl 48 1 2% )11 2
BT FE R 2 S AR NS, FSE e AERE & BAA KEHIEA (8D 25
i) )@ (Kingma A1 Ba, 2017). £33 40 &6 N 25 VLA R B R 2
J&, fHH Scikit-learn (Pedregosa £5.,2011) FBEHL 2 %1 T EoKs UC FC B0 S BEHL 4
FN A TSI BARSE, S 80 % HUEMIIZERE SRR 20 %
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s (RS RE S, HA AT T IR BRI AL 24, s B AS 5iIlgRid e,
BH XTI GRas BRI BE AR 36 Al o PEINZREE AR, ] T I gREE 4R
ANAR ST 96 UE A 58 70 e I 25 OB R BEAT IS, AR ORBCH I AU & o EAT
FoH, R USRI UL S A TRINHRS B RO (AR 5 I ZREEHS E AR X
ZE A MR NHRZE N 10 %) B, B A 2T E 1.

R2.2 FEMAFEROHENERE

Table 2.2 Configurations of the neural network used in this chapter

P28 S5 SR HE
S8 1= 2
YNGR A 132 (BE=S), 133 GBOHE =)
e = ok 22 T L 100, 100
i R A To R 1
O R ELU
5% BRI MSE
etk 2% ADAM
MRER 5 B 0.2
BRRIEARIREL 10000
/NI BIE 0.0001
R BIREL 200

25 Gt
2.5.1 MBEEEHTHREG

A T SR NUCAPS MU 8ds #EAT 1 SsiIgrinaa e . IEan 13C
2.4.3 FriRH], EINGRZRixE 2018 4F 4~6 A ILECEIE T T 80 %1 20 %FEA
(RIBEATL S0, 43 0t RL T ZREERMAL R IR £ o 3% 2.3 PRI R ARG 561
R MBIE AL SN Z 2 5 G A SR A & o B T340 S bR i i
P B ROREAR AT BE v, BT DASZ B0 5] Hh X b A R T S R 26 AR S, gz
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T (2 R PR A B> o O T ARIESE TS R — S R e, T S2BR
FEA BN T RBRZR T 50 %M Z IR, BATE T ARG . Bl 2.7 Fs (12 04 W 2% (1)
g R 5 (ERAS) Z AR P34k 2% (Bias) MR ZArifE % (Standard
Deviation of Error, STDE) , i Z & H w3k X5 il A

Bias = %Z’i\’ﬂ(xi — ) .. (2.3)

1 .
STDE = \/ﬁzyﬂ(xi — y; — Bias)? .. (2.4

Hrp N R Z 50 RS x AUGR DNN W TR ¢ fa th RO F0AEL, 1
yif3R ERAS ZFEA I LS AE . IR ZEARUEZE 55 SR GE T 25 TIUIIAE A (i 22 AE
TP Bias MEHREE . FEIRHNE, AU TN RIS SO Y
YR ELAE A TS S5 KRR G T (nsk 2.1 o), A TR R
R AR & (H2 TR A KIS BEAEZ o BRI A, e
N T S R B AN ] e SR R KRR B st e 7 AE SR 5 i
A KT A LU A e S A 38 E AT e

#23 HERZEFHFTIISHEMRRELHENEET ERAXESR

Table 2.3 Valid sample size for clear-sky training and validation at each pressure level

e} g4 R gn g SEE 2% S for B
(hPa) FEA & FEAHE (hPa) FEA & FEA R
650 XUA b B 71696 B 17925 850 66016 16497
%E
700 71648 17914 875 63313 15820
750 71298 17824 900 60690 15126
775 70769 17682 925 56955 14230
800 69252 17312 950 51658 12958
825 67754 16947 975 37281 9331
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MGEHHR IR 45 5 5 (& 2.7a A1 2.7b), DNN (K1 H 25 BH LE T 5 A (1
NUCAPS 7Ei JERAIRHEE (RHD) B#ERE E#ES 3] 7. AT xR )Z $
EJZ, BRI T TR R KA SR R T N 2 . X NUCAPS
B SR Z MR, 2R Y STDE £ 850 hPa & UL FEE 2 KT 2.0K,
TR XHAR EELE 800 hPa Az LA R i B2 = NI 15 %, TMIX L8R %78 DNN % E
REIT RENSE. Kb, 75 850hPa KL T EE)E, AR RMSE (A
BRI FE AL 30 %, 1] Bias 7F 975 & 200 hPa 2 7] {4 %o B I k> B 24925 F 0.,
1EE 2.7 v, FRERR TARE K SHEZ P77 75 MV (Mean Variance), € SN
700hPa Az LA H % 2 K7 Z H)FME (B RMSE?). AN AT STDE?, RMSE?
(RIS AR B B 55 P 3 s 22 AN BSOS IR 23 SO . Gei k85 SRR, 1E 700
hPa LA JEIR, I 25 X IR AR E 1 MV 233l T 68.1 %F1 65.9 %, R
4T NUCAPS, ABI fl RTMA ff] DNN f& 2 fe g an g A1 TAR ), 75 G 25 4 A
I BuEE NUCAPS IR )Z R AR BR 4R 1 S T8RS B

252 R BREHTHKRE

AR HSCAESS 2.3.3 TR BN, O TAEAHE S b R HAT SR i Y
, T #0H 500 B FOR ST ABI 280l i th k47 7 Bodis VT ie A 35
WhFE, FEREAT T RIS . AL TR S 4 R DNN AL, 7R3
75 A T R B TE TR R 7 e 8 b = AT T B . — & 4T NUCAPS
FOR P ABI WIS S4B 75 20, #EIE 2 DX A FH 1 2 X 3 9 430 ABIL (R 350 AT
bRAEZE, TIER A = KA 12570 10 ABLE & 54k, T RAERE
s> ABLAE B0 T84 FOR HIARERNE, 75 7 RN 70 47 = ) NUCAPS FOR
WIEZ ABL BUCHTE s AR AL, JRE N — ML IR, 5 HALE A
oA R FOR 1A ABI K470, WiZ FOR FaAR
N CBREHRT M ET L 24 RRWRER DA =560 N & ZME AR,
M T B AW T HIFEAR (R 2.3), TEARTHIW AT BOR X S8 A i 2 50 A = %
FH1f) FOR K22 MG 1 4 i
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R 24 EHIEFH TIEEMRRELPENEFER AR AR

Table 2.4 Valid sample size for partly-cloudy training and validation at each pressure level

S} Rk (EoE S AUEZE IS (SEE S
(hPa) HARE SRS (hPa) SIS T FEA R
650 JLL L 43/Z 269883  HFJZ 67462 850 250999 62761
#E
700 269657 67411 875 243434 60937
750 268403 67127 900 236984 59341
775 266511 66660 925 227548 56922
800 261779 65516 950 208101 52112
825 256574 64206 975 152110 38168

A 2 2 T IR AN BRI 45 R A ] 2.7¢ A1 2.7d 45, ATLUE
|z H Rt & ) DNN RSB GERS CE 70 A = K254 T X NUCAPS il 2
O JEE TEAR 2 R A SRS AT 0 35 1 St o 285 e 0 i P38 R A 6T ¥ P 7
700 hPa J LA M2 KRS HIFY) )7 ZHH EE NUCAPS 23 5lli8/N 1 58.1 %1 65.5 %,
W3 T 2 S A T R SCEE R B2, ARATS AR 35 . IXRER S SR T AR T R
(Y] DNN #dfs fit & Rl E A, BERSAE BT 207 = 25140 N IS 25383 £ ABT A
LA RTMA HTHRE(E B, RHIKZ K NUCAPS JBREk S 34T B0t -
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2.7 NUCAPS (4£k) 55 DNN BB (HL) ERBEESE B2 R E
(a,c) FIFEXHERE (b,d) X ERAS i) STDE (3££8) 5F#HmE (BR) ERlS&M
T (ab) AMSEREFHET (cd) WBEEL. FHEPERHEFN P HTEMV=
RMSE)FIR IR % G R IR BB EEZE 700 hPa BB A% 2 7 Z KPP .

Figure 2.7 Statistics of Standard Deviation of Error (STDE, solid lines) and mean bias

(dashed lines) vertical profiles for (a, ¢) temperature, and (b, d) relative humidity (RH) of

NUCAPS (red lines) and outputs from DNN data fused model (blue lines) versus ERAS at

different pressure levels under (a, b) clear-sky and (c, d) partly cloudy conditions from the

testing dataset. Shown in the brackets are the values of mean variances (MV) = RMSE? of
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lower levels from 700 hPa to the surface for temperature and RH, respectively.

2.6 BURRMIAIG
N T T fRTE DNN HEah S A b, AR T SuZ R UR
AR DUBR S RS, Berh T A BRI . b, B-AHRR ST TR
NUCAPS, ABI, RTMA N HA & 78 SO el o 9520 s 28 — 41 al50 2 AT 78 ABI
A To) 368 T O 055 S5 S U8 S0t b TS AR o LR R0 B v R G T B AR A
B BA 8
2.6.1 ZiRHARAVAERT SIE
B2 5 BRI Rl A I 2R R A 1 A [ B 8 1 FoUe 8] -1 76 1 22 A =R
AR BT SRR, 2 iTE ABI Al RTMA 7£ F#{[k NUCAPS 1it2 KA %
AN E M E TR IE R . BTEAT (0 = A0 H R 23 5 A -
(1) DNN_NUCAPS: {Uf# ] NUCAPS K B£AF A DNN TR K 1
(2) DNN_ABI: {U#H ABI M llAF & 1E N DNN 1) Fifk KT
(3) DNN_NUCAPS _ABI: 7t DNN H{#f] NUCAPS #iI ABI Filfik 5+, 1H
AL E RTMA Hu T S0
N T AARIERIAE AR 1 —FohE, X =20 a0 5 60 B A T R 4 1k
% (i DNN_NUCAPS_ABI surf) KH T FFERIIZRE (80 %) FIfIRER
(20 %), W 2.8 ffr7n, MELTF NUCAPS, DNN NUCAPS 7% /2 iR I B iR
EWH BERNER. X Bk B DNN BRI A &, FH3E FIME B
BN, YW T DNN RERHELIRBOF A NUCAPS KRB L AEAFE R Z
[ AR SG I, 256 I ZR B R0 T S B HE W VE EAT 32 T . 5 Z AT 2
DNN NUCAPS_ABI 1 DNN_NUCAPS_ABI surf fiff ¢ 3Lt T+ 88 28 S 380K B2 10
BT, NIRRT 2 UEEARE S E S . 2 ABLWIIME B IMAINZE, R
ARG P2 R G P A 1 2 ) S ) 5 e, LA ZE AR ORI SO e P SE O B o 3%
T G 580 o i R B ABLS@TE (AR 2.1 6 THRJE R AUH B U (R
K 2.4) %, TAEXLZE R E NUCAPS H 5 HHER 2 ARG . 24t
M RTMA [ EALIE B, RE B MR BEA R T 3t — D T, SRimiAd
FLF ABI H#5RHIE4I, RTMA 7 600 hPa DL b 35 FF 548 it 800 hPa LA k7R
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JRE TSR R AR . X — 4RI T RTMA S AL A iR 845 2 511K
JE RS L IR SR P BE T AR KUK B At TR, E i — AR R PEAE R B
() FR A BRI . SMRE, DNN HEmh G B T1%2 K s 2k
HT =TT, 4052 DNN SRS, ABLW, DL RTMA Hh sl
FE. 5 ESCHITHAFEZERI, K 2.8 it T H4MR & NUCAPS M 700 hPa
BT (A AR T BAE 1 P38 07 % 0 BE T 25 264 R i %dfs, ani&l 2.8a 1 2.8,
FRATTR I e R A SR . DNN BRAR B, o I3 A0 B 1 77 22 3 I BRI T
55.4%H1 51.7 % 1S BEH S #2 BA TUAMIRE K BURGETE 1) ABL, 5Tk
TR REE 7 2 IR T 7.2 %A 10.2 %; (R AEHIE(E B RTMA {5 A
MRIETT 720 M AR T 5.5 %A1 3.9 %.

] 2.8¢ i1 2.8d 73 7R 1 AEEE 3 2= SR A A S Rk 2 SR AE i PR A
R LI R I I 15 45 R AHZE A, AT BAE F2k H DNNLABLAI RTMA
RAEXT DTmk. Fo, X5 700 hPa DL FIREE, =FEm IR IR I BEAK T A
J7 2 40.1 %, 7.1 %A1 10.9 %, MRFT AR, X =AMA 709 48.4 %, 8.6 %
8.4 %o S FAF IR0 S5 FAH— 2 /2, DNN BB B (A X DTk K,
i ZEA% 2 K G 77 T ABLAI RTMA [ TR ERAR 5535 o A 2= (1) £ Z X BIE T,
FEAZRA T ABL FIAHXS STERAE SR/, 1T RTMA BAHXS STRRIG I . X — IR 1Y)
JEHTE T, RTMA FAHb HDU I 6 56 25 = X 4G A, 2 278 5 i
WAAL/AN, T ABLAER 2 264 N 115 B 5Tk R B T 253 45, A H T2 i RIS
X IR FEFERT LA ABL LI ¥ Bk (5 DNN_ABI SKAAIL, %A%
gt B LR R — — ANER S s X ZR T+ EEK. Bidxftt 2.8a f
2.8c, LLJz2.8b f12.8d ATLAEH, {XUH ABI BIRIGE RAEHE 2100 T ik 2ii
FERMMRRE,  FLAERA B A LS S #R IR PR . X S5T1EH = 44 TG ABL SRS
T#/> NUCAPS FOR HARGEIEA R AT K o 1 TAESLFRglill 24 v, — M5 = 1) FOR
TEE G 2 ABL BICH ARSI, T s — R e X, &
SHASE P 3¢ B i 25 45 7 A IR A 12 SR A8 26 NUCAPS FOR A7 HH 24 F2 P FRIASHA 52 12k
AL, X LEIE A 73 1) ABTILINAE DNN BRI B2, T3 98 4% JR A NUCAPS
¥ SRS FE AR T SR AT RIS B
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DNN_ABI (8#2%) RFEMNEE ABI ZESEN DNN iR EFH1iR%; DNN_NUCAPS_ABI
(AR REEE NUCAPS M1 ABI FEATRIRE FHIRK; DNN_NUCAPS_ABI_surf (B
£) RREEFTE LRBERENTRE 7R, KRR ERREKRE 20184 4 3] 6
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Figure 2.8 The STDE vertical profiles for (a, ¢c) temperature and (b, d) relative humidity of

(red) NUCAPS and outputs from various experiments versus ERAS. (Black) DNN_NUCAPS
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is for the experiment including only NUCAPS profiles as predictors. (Orange) DNN_ABI is
for the experiment including only ABI related predictors. (Brown) DNN_NUCAPS_ABI is
the experiment including both NUCAPS and ABI predictors, and (Blue)
DNN_NUCAPS_ABI_surfis the experiment in which all data sources are included. The
randomly selected 20 % independent validation dataset from April/May/June 2018 for (a, b)
clear sky samples, and (¢, d) partially cloudy samples are used. Shown in the brackets are
the values of mean variances (MV) of lower levels from 700 hPa to surface for temperature

and RH, respectively.

2.6.2 ABI A EBIEEEEESGHFIER
i DNN_ABI Fikiegs R (K 2.8 HREtel), ATRILEH ABI ML

R E T 2.1 B 7 ANMETER IR A STD {58, LM FOR F0 /) LZA
(Hsec (0)%) MENTERE T, MAE1SH)1R 2245 — & Vi il N 1 2 BOR SRR
LA NUCAPS 7 i HEE,  FRATARINL 1 AEACZE R T i K AR &
2k, NUCAPS 7= S I8 RILH CrIS mail o HF R A LS, 15 b e
e Z Ry e 1) ABT R4S DNN B ENH YIS, (HRIEXHRZE H @B R
ARKIRZE . N T8 T ARSEALEE, EIZAME XRE (103, 11.2 1
12.3 pm). KIKEIE (6.2, 6.9 A1 7.3 pm) PLK CO, i@IE AN STk AIVE T,
ITLAYE DNN_ABI FE 8L vh L B AH N IB A5 B 7 20, ERE 25 564 R IFE T XA
KA KSR ME S BRI R . B 2.9 s A5 AR 678 15 B A
LG R EARXT ERAS BAE TR MR Z 4 . R ABL full ¥, a8 7
AT ANEE RIS R, XN T 2.8a A1 2.8b ) DNN_ABI 45 3; ABI w/o WV
FETE ABL full fJFERE F, FETRE T 25k 7 ZAKRBERE R, AR T
X IEIE A COyiEIE; ABI w/o WV&CO2 iREG M ZAERT —AMREG FERt Bk —F
ZbR COLIHIEME B, AUOREA = AN D TE P00 . MR S (B 2.9a) 453
FE, CO A LL T /K E B A T R M, XA CO i@ IE xS T k)2
ORI P8 BB B i — B o TN T AR E (] 2.90), B G B &2 4%,
XFF 800 hPa K& LA FIMIRE RS, CO» il sl 7/KIRIEIE, MiKKiBE
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Figure 2.9 The STDE vertical profiles for (a) temperature and (b) relative humidity from
various experiments versus ERAS. (Orange) ABI_full is for the experiment including only all
seven ABI channels mentioned in this study. (Blue) ABI_w/o_WYV is for the experiment
without water vapor channels (6.2, 6.9 and 7.3 pm). (Green) ABI_ w/o_ WV&COs; is for the

experiment without water vapor channels and the CO; channel (13.3 pm). Shown in the
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brackets are the values of mean variances (MV) of lower levels from 700 hPa to the surface

for temperature and RH, respectively.
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2.10 FEEERFRELSKIZLTHA CRTM HHEHE ABI Z4O4MNEEKKKES T
CGit#R) Jacobian (5] H Li 4.,2020).

Figure 2.10 The water vapor mixing ratio (in term of logarithm) Jacobians from ABI IR
bands calculated with CRTM using the US StandardAtmosphere as input (Cited from Li et

al., 2020).
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4 A1 HZE 19 HEY ABLIVSS A0~ kR, SEUE ALY 210000 4,
ST 2018 FIHEAR ., FAURERGSHERRN, QREEESAESEZFET
M A, TS 0K 2.5. 53 2.3 f1 2.4 M Ith, B (Vs F 1 e 2
WA ST, RENS B35 R & n] R AS B JT 9K DNN il & SIS A (1 B
FE

K25 20174 4-6 AXFRTREENTAIE ZFMF TENFEE ENERHAER
Table 2.5 Valid sample size for clear sky and partly cloudy validation for dataset from

April to June 2017 at each pressure level

£ Ed] AR MOAx A= WEHAR Wofx

(hPa) FEAE (hPa) FEA
650 K&ULE BFE 35400 BEJZE 176867 850 33025 167362
=27
700 35372 176769 875 31939 163483
750 35188 176075 900 31041 159667
775 34923 175123 925 29900 153004
800 34293 172564 950 27426 137772
825 33634 170101 975 20179 96760

P 2017 4F 4~6 HEURAERE T =60 TR A R K 2.11 45
o SHAKE, ZIEEEERDS I DNN B 2 1 odt 7 H I NUCAPS #4i 5
ERAS5 Z[AffiRZE . X T 700 hPa S LA T HIMIKE K, Ak ek %= (Bias)
SRR ZEARUEZE (STDE) #A BN SN . 7E 700 hPa LA T KT3I 7 )
B b, BT 2017 SRR KA (& 2.11a F12.11b) [ AR X 8 B2 U7
Z AL T 43.0 %A 52.2 %, EED A KT (KB 211 M 2.11d) W73
N 45.8 %M 50.8 %o SO IXLEHHEIEEARXS T 2018 SERIGTTHEE A LVFI T
B, (R ATBARAES B35, WA T AT K1) DNN &R 1A —E iz
RBE . (HR AR, %FT 500 hPa PA_ERIXHRE &2, BB p ok ak
BAEHE R o #5 B0 T AIXHEEE 9 STDE J LT Btk . % F8 13X He s 16 B i
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Figure 2.11 Vertical profiles of the STDE (solid lines) and mean bias (dashed lines) for (a, c)
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temperature, and (b, d) relative humidity of (red) NUCAPS and (blue) DNN model outputs
versus ERA-5S from the 2017 dataset under (a, b) clear sky conditions, and (c, d) partly
cloudy conditions. Shown in the brackets are the values of mean variances (MV) of lower

levels from 700 hPa to the surface for temperature and RH, respectively.

2.8 ETHRTZHWHOMIIEE
28.1 Zitiels

FERTSCHI M, IR E4EGY I ERAS T DNN Rl 20 7Y f) S 35k 8 k47
TATEG VAl o SR, H TN ZRI BT K F () A8 R A s s 0 B 1Y) ERAS,
A7 6 R F e IR B8 S (R W BOREEEAT 1E— A (R 2 AT SR IE o DR T ZE A
H, K 2017 5 2018 FEAFAFE 4 H 3 6 H IR #¥E5%E (RAOB) 1E 9Ll EAA
RRRYZESLHEAT T B0AIE . % B B KA IR IR AR M 52 B S H AR 1 B35 5
PR T B T TR AR A0 B N o SR X —RE M, TESGL it b SR T O e ] 5
NUCAPS HHil A 2248 2 /NN, BEESLE 120 km DA AR S HE 3047 1 %5 b
WHFt. 3R 2.6 Fram )2 SEBRAE 8 3 103 L 26 AF IR FEAS o X BE0Hi 8 HH R AR
MIFE AR 5 NUCAPS UL [R) 22 57731y 60.42 4350, JLrh /NI 1 434,
BRI 119 438k o FRZS W 55 25 55 NUCAPS ff) FOR A (7K -7 B8 B4 ~F- 24048
N 35.36km, f/MEN 1.10km, BRAEN 115.46 kmo H T8 2 56 A PR = HdE
FEARE D, LERT IR AN B X 53 B A8 00 = I 464, Ti# 5 Z VTR ) NUCAPS
R B B 10 2= 78 o 1 00 S AH S B 2 5 5 K HE 4 REE — S AT R AR 06
5485 #.

# 2.6 5 NUCAPS fHLIEEKHERMAESFR R RERE LR

Table 2.6 Validation sample size for RAOB collocated with NUCAPS at each pressure level

ESEN] 2018 FFAEAE 2017 FHEAE SEAE
(hPa)
200 ~ 800 55 16 71
825 ~ 925 52 13 65
950 32 13 45
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Figure 2.12 Vertical profiles of the STDE (solid lines) and mean bias (dashed lines) for (a)
temperature, and (b) relative humidity of (red) NUCAPS and (blue) enhanced NUCAPS
soundings against collocated RAOBs in both 2017 and 2018. Shown in the brackets are the
values of mean variances (MV) of lower levels from 700 hPa to the surface for temperature

and RH, respectively.

5 pE T, 7R T R ERATH R I T TEAR IR 1R ZE B4R b, DNN 4l il
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B 213 KREEEPRE (%) 58S (BK) 7 Skew-T B EIAEIL: (2201844 A

26 HEEZEMPAM: NUCAPS WP T 1742 UTC, FOR H 0oL TF(-76.84°E, 39.03°N), K%
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BF 0728 UTC, EHHMIE RN(-76.87°E, 39.05°N),

Figure 2.13 Temperature (solid lines) and dewpoint (dashed lines) profiles plotted in skew-t
diagrams for (a) clear sky case with NUCAPS at 1742 UTC, FOR centered at (-76.84°E,
39.03°N), RAOB launched at 1633 UTC from (-76.87°E, 39.05°N) on April 26, 2018, and (b)
partly-cloudy case with NUCAPS sounding at 0710 UTC, FOR centered at (-76.58°E,

39.17°N), and RAOB at 0728 UTC from (-76.87°E, 39.05°N) on April 18, 2018.
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Figure 2.14 Surface-based CAPE (SBCAPE) (J-kg-1) from (a) ERAS Reanalysis at 1800
UTC, and calculations from (b) NUCAPS, and (c) DNN model outputs for NUCAPS

overpasses from 1827 to 1839 UTC, 18 Jun 2017.
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Figure 2.15 Lifted Index (LI) (K) from (a) ERAS Reanalysis at 1800 UTC, and calculations
from (b) NUCAPS, and (c) DNN model outputs for NUCAPS overpasses from 1827 to 1839

UTC, 18 Jun 2017.
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MZMCEAE M. EAPFIEIT 7 A ABL@IES, CO, il 5 & X i %
TURR T AU Z KRS B R, T /KRB TE M 32 B2 800hPa LA - w11
D88 I

(3) HTF IR B 4ok B T4 2018 EEdR AL AIBEHL > &1, LAl
2017 BRI AL 2 A Be 0 T P RS . WU RRIRE R TR T
2017 FERIHAE, FERE SR 2 1 00 I L 590 B B AR i v 1 B2 T
EH T2 I 2% 303 IR 2018 SEHER MG . (H2, BERNETEM
FATS, MiZHR L EIRE S 5145, it 557 R A e M Fis AL
[z 1L RE

(4) JEILE NPROVS R4 2017 f1 2018 5 NUCAPS M AH VT e i #
7 U I S RS 2R PEAER J2 DR 0 48 S s ES R DDA T T VP Al . S5 SRR, A

58



552 5 WL TR S kTR SR RIS U

Hr I 5 1R B R 5 A R AR R R et RE 2 AR T R 52 0 o LR PRAL 25 2R
523 NUCAPS S5 2 WL i a] e B (152 m, ARG R KU s ) ot g
FE /)N (R 8] 18] [ 2 AT RO B 5, 5 PR 0 /2 I A DL S 2% A PR A I K A
G AR EIFARA BEVE. @RI i, BEUEE HIA A
T NUCAPS R AERIA H RZ SR 55 1F BA B R SOt ROR

(5) 38 I B fik 5 SO AL S 31 2017 4F 6 H S AR — IR e i R <
MR Im IR S, RIAHH T AR NUCAPS KA, S Bk a
[ S8 245 SR B W 3 i B0 i M R AR = RS IR A I M S IR JZ R AN R
SE A o W T PR AT (R 2 A R I 2% 10 Bt il 5 S TS R E A T B R I S Dy
RIS T R RSN ESE, KGRI S R IR i HER T

AERI S TR SE N IDVAR ST EEAPATT I LS — =~
ANFEATA AT RO a2 RN EEE . R R R SR e,
SE bR T AR B A% G5 VR B A S T SRR TSGR IR R 2 T 204 R
TEAARII O TRLI B S s e FL 2 o LR PR U EAAR AL P o S e v A
T N R (R R 2 PEANACR A, Kl B BAEAR KRR b iRsE 1 B2 R v 1ok A
P FL UG ey S HHE (I 8] 3 B R 459K 52 3 NUCAPS B2 (12 /8D,
RN T AR i SRR M TR N AT R A R PR o BB 5 T R LR IE
B ) e YR R AR NAL S 4 e 8 SR < 30 R ) s o il 80l gk
AWL2 B A B e AT I 38 B ORI 2 AR R 7T RE R
BRI BE AT KRB e SO BT IR A2, B R R IR [F)F 5 2 A 38 ML I Eicdis Bk
FIOE SR BE 18 1 18
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E3E ETHLDESKEFRNHXSBERE

3.1 5|8

b FE R T OGRS I TR R A 22 0 5 0 B A R v T R S
1k TR BAGRIBEE R, FFUEM] 7 AR EDG I R RBR R 1 B, USRI
R TR v 1) 7 A AR SR T AR 26 T B W DA 7 4R 5 3L AE [A) — X3
RIS [e [ B8, i o 22 1A I IR FH RT DA SIE B [R] — X3 i H 22 4
R, AR DASE B T HRIE R JE R G i) s A GE SR . R B DUS A BB
Rk S (R E AN DS R (GIRS) 25 F /N8 T ks
IEBTE L Ah e BRI, o s B T e R R AE b, XTI
TRRE L R A5 B )R 2% (B AR A A5 BEEAT RV MRS ) = 4% 220 (Yang J
2, 2017; 5K 2%, 2016; #PEHE, 2016). @i GIRS BB m G0 #ER 1K
A b T AN ETE IS S, P LB SE 1 1) SV SRS 2 v T 0 R A e 1]
PRI RIS SR RRLR, X LEER 26 i 8 SR LU AR (b R SRS B
0T PN RUBE R 2R G D 00 T M 2 7 0 AR R B N P

H FY-4A IR S ISR, V2 0 HABE GRS M ZERHHAT T 2
AT I TE . 54 55(2019)iEid H %% GIIRS H)— RAEHE bn k56 & T,
GIIRS 6% e bk FEIAE] 10 ppm, H 5 TAST HI4ES 2 e bk 36 E ) GIIRS
FE KA R (R ) =i m Z 5N T 1K B 2% (2019) %) T GIIRS 15 BA &
(¥ &7 A R SE 7 T4 T ORI AR IRAE B RN aE 7). Di 4
(2018) FI A RFM: R R I GRREA YNGR T (2 P4 S =t 1) GIIRS W
MET. Yin ZF (2020)%} GIIRS K B8 757 /£ GRAPES 4D-Var £ 8¢ H A
B 22 HEAT 7 VPl AR 25 1T IE . Di 55 (2021)E1 X GIIRS 32 452 00 (145 55 42
H T 2 R KA AR A M B R AR . PR (2019)25 A5 B T IR AR
B R HUETT R T 6T GRAPES HUE Tk R Gt R0 R 1K 4L M IE IR 5 7 &
He M 5§ (2019)F] FH 5 #th th0 £8 7= TR T B X TR S S H O (NSMC) & AT 1)
GIIRS L2 W55 KRBT E ™ it AT 7 haS, 4R RIAERS T A =8 i 15
PR, R B 2R St RH G R 2 A ) P45 RMSE 43 58 2 K Fl 3.7 K, i A%
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JEI¥) RMSE 435124 18 %M1 21 %, 1 51 N4 I 78 o (1) 2= 215 B A B T S
R AT HE— D R . S % (2021)F)H ERAS 4B Ao 4R 1E
SRS T 2R R U X B e 7 i AT RS A T, R R o R
OB, RS2 X F I RMSE 8 171 K, 1M 5 i X 381 °F 2 RMSE
N 1.67 K, BIEA ZRG T ZEHIME S0 4.72 K A 6.68 K, HH ELHE 251 5 i
WE R E R, XA REHEEME & QOIHHHETHEEXS GIIRS SIHJH
ZRAE g 6 R IR 2 AR — 3

N TR E AN SRS PRI GIIRS 3T KA IR R 28 ¥ SRS
— LB IFR TR T E B R EEIARIE A, S T 5 R SRR . Xue 2
(2022) $RH T — AT e T R E,  HXHRE R RS R S
B2 2 [8]ff) RMSE /T 2K, 1A RMSE 7E 2 g'kg! L. Cai 25 (2020)i8
i UL ERA-Interim F 70 Hr s A HAGEE . BP #H& M 4, ISR T — MR
[ Al P SR 5 24 T ANN RO SE, FOR 2R AR T 324H (EC B4y
PrEdE) B RMSE /N 1 K, 1AHXEE ) RMSE /T 10 %, il | AIRS R4
77 AR T RIRE BB e o X — 25 RABEEAL 3 T S FA %S (2017)0E T
PABE R AR EE IS B SRS I o Yu 25 (2020) 48 T S ABA 6 S Js A 700 4o
W T AN RIS TE L 7 SRR FE R 2% SO FE IR %2 o Huang 4% (2021a, b) i A EN
JE£ L DX AL ECHE 70 il % GIIRS L AN 8 B 2 S s A ] 17 “ ANN+1DVar”
LS “CNN+1DVar” K715, Sl 7 E vk SHLE % S ik g &0 . 3T
O MR FEAMER I, BEAE L8 5 S BRI AR R R, DL RO 20U A (1) 3K
X, DARHEE W 28 g ARER R RO AS 2 )RR SR A5 JLM A G e i T v i e s 40 &3k
LR R RIRE TS, LLBARXS T3 SIS 7 A B T AR SR 3, B P ol
SO RSB S T R R FE I B T AL

BETHE E—TWBEE R, AEE OB R A 28 X 25 S 7 kAR A T R R
(SR B, RIS T R IR T ABIL 58 1 A% 1 22 38 18 I 2R A5 3 T —
S A IR RIEAE R, AR NS RAE LR AR b, FIRE R TEA
A e e SRR A Bk, 552k B P2 BT MR 14 KR T 0 2 g 3 A 22 IR 2% [ U A
B, FREE— G K TSR IR 2 W B R, A S 3E BT A X 3
RS IEIR R R SR, 118 GIIRS AR X oAl g il 20 SMAR A A% O 34
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——— fe I T 3 9 A KB e S o F) S AL

32 MR#iE
3.2.1 GIIRS L1 i3
RERIFALH 7T FY-4A L1 GRS & Epr Ee Ak LRI/

JETEERIACHT LT ZWE s . GURS SR &3 ot R 05 73 S i 77 20k KR
LTAMESHEAT LN, fEK % (700-1130 em™) A1 (1650-2250 cm™) 404N B

A 1650 NMiEIE, a4k 689 MQILLAMEIER 961 SR LLAMNEE, 6k
SRR 0.625 cm™ (Yang ) %5.,2017). ST ETRMCAE, GRS {E AHLER
Ff L BE TR, o ER B e, PImAESEN TR A ERHA 32x4 M
(Field-of-views, FOVs ) #4) i ) K IR SR HEAT LI, #L3 7K-F- 73 9523 09 16 k.
H 2018 4 12 H LK, GIIRS AL L 2 /N g i 3R HUR S 4 [X A [X 45K
ML FERE,  WLIVE & (3~55°N, 66~ 144°E), HAFERF K 16-18 B A 22 HEM M
£5%. B 3.1 Fiosif 2 GRS B M. AR A, GIRS X 54
XAk A [ P Ak RT3 7 AT, AT B PG ) ARt 59 AR A, BEAT IS N [R] £
50k, A ER 10-15 43 8h e A g bW I 18] o BR Y 688U DX 4 LA 2 /)N
AR HE I 2 A, GIIRS & 7] LLBEAT X T-Re 58 H A X I3 58 I B
M, Refg it — 2 K% GIIRS AH LG TA% Gl TR KSR i 2 4% 1 s I 8] 73
FrEAH . Hdr, GIRS 7E 2018 46 X “HIAL " G Fi K 15 70807 2 m
T L2 DI SR T FAE IR/ 6 XTIk 2 22 5 T 2 254 FH (Yin 55, 2021).
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3.1 GIIRS FHMMXBREE, THA FY4A HLEER FHIERES B AGRI
MEECESG. (BERE: BXIESZFDO,

www.nsmc.org.cn/nsme/cn/instrument/GIIRS.html )

Figure 3.1 Schematic of the regular observation region of GIIRS, with the background true
color image from FY4A Advanced Geostationary Radiation Imager (AGRI) multi-channel
imager. Cited from National Satellite Meteorological Center(NSMC) website,

www.nsmc.org.cn/nsmc/cn/instrument/GIIRS.html.

322 2018 FEFE 8 SN “IIFTE”
1808 5 “HLFIL” HHRA KL 2018 4E R A TP ILA TR — MA BIpEdE

IR-EEARMEIREEL 5 HEREHE R, TR, MRS . REGWE S E
RHLX IR T R E . %S KT 2018 4E 7 H 4 H 1200 UTC 7E5¢ 5 M ir v
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b T OB RN 1 S8 5 T N B T

T A R N5k, JE7E 2018 4E 7 H 5 H 2100 UTC K@ NG R, HF—H
TR S XL ZE 7 A 10 H 0800 UTC, M5 LASE & KUK 2R 5 1 PH AL 7 7%
2. fEMRHANR IR G 7 H 9 HIRRKRMEEER T 10 58715 )IE
195 km/h, HLEARSEEE] 915 hPa. fEH AL M HIEgAH (W1l 3.2
Frs), Jefafe 7 A 10 Bk 7 \NE LS UL L Gk, 5770 11 H
0110 UTC FEAR g T4 it v B KBt o B Bl T5 98 A &5 R, B Bl B K
2930 km/h, HUOLBHEEKKT] 42 m/s, HOSE 960 hPa, TEAR AW LI
KT 41 2.5m FIREER RIS 9m [ EIR(Yang) %5.,2021). {E&MZ )G, “IBF)
W7 R ESIFT 7 A 11 H 1200 UTC 76 F VL 75588 P99 55 9 # AR

Elevation

(m)

32° w e Tropical depression

' Tropical storm 1 2000
® Severe tropical storm &
Typhoon 7/11 4:00 1000
i © Severe typhoon 48 m/s 7/10 22:00
945 hPa ‘
® Super typhoon 50 m/s
v,  35 km/h 940 hPa 0
: "'::/.'.5', L \z S 30 km’h
7111 9:00 S4F IS IR /a | =1000
42 MiSus 65 g ar e,
24° 960.hEGREEN . 7/10°'16°00 -2000
30kmih & 52 mis
X & 3
935 hPa
30 km/h -3000
N , -4000
20° oy South'China Sea
-5000
& -~y -6000
16° 0 200 400 Km : Philippines
R Y :
-7000

100 114° 18 122°  126°
& 3.2 kE T+ EE XM (http:/typhoon.weather.com.cn)f PAIE R B (HHFEF+8) FRH
ER “HFEL” BEEL.

Figure 3.2 Best track of Typhoon Maria described in Beijing time (UTC+8) from Chinese

typhoon weather website (http://typhoon.weather.com.cn)
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3.2.3 GIIRS fnZE3 0
N T R G R A GIIRS ) i B[] 23 #2615 RGN AT A, 78 & R RAE

FhIE AR, GIRS %1 & RS AR 25 1358 7 X IEAT T IRl r 2 15 4%h
) AR DI E LI o ASHIF 50 B A6 B 2 A2 1 A 2018 4E 7 H 10 H 00~16
I, P 21~23 I () 15 2o g e s Wil . ] 3.2 Pt GIRS £ 6 X “H
FINE” HTELE 2018 4E 7 A 10 H 0500 UTC FFUE 1 — UM, T W i [X
175 BBl ) 9(13.7~34.5°N, 108.9~ 136.2°E). FEINZEWIIIE, GIIRS HIXLM 7 =
NN & 15 e N AL F R 34T, AT EPERARA 17 DMEE A
ANGERE RUH 32x4 METT, FEEEAS AU X 3 A L 96x68 AMEIT. HH R —
AT RIS T 298 3 38k, AU 10~15 438 F 0000 5 17 5 br o ASHF 7T

i B GIIRS MM SHtnk 3.1 Fros, WA 128 8] 355 0 16 km, 1
VAR 2T ANETE K6 IS HE R N 0.625 em.

40°N j

ﬁ;/’“;ziéfi:> 320

300

30°N
280

20°N

, ‘m[m" i & ’*m‘-,: i 240
R 111111 it

10°N 2 B N

100°E 110°E 120°E 130°E 140°E

s

220

B33 SR “HAIE” HE GIRS MFE RN XREE. B BRI 309 B
(¥ 11.20pm) 7E 0500 UTC, 07/10/2018 FIEE AR CANL: K)

Figure 3.3 The target region of the intensified GIIRS observation during Typhoon Maria,

shown by the brightness temperature of the No. 309 longwave IR channel (wavelength =
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11.20pm) at 0500 UTC, 07/10/2018. (Unit: K)

#3.1 Rz 4AGIRS FEE R “FFE” HHE] MBI R RS

Table 3.1 Parameters of FY-4A GIIRS Intensified Observations during Typhoon Maria

PUNIIE S0 Ei=021
1 7 K3 700-1130 cm’™

Hig: 1650-2250 cm’

TSy 0.625 cm™
THIEAL K. 689
g 961
) R 16 km (22T 55)
IS 15 min
LI =[] 7, (13.7~34.5°N, 108.9~ 136.2°E)
SE AR BE JaigEdR: 10 ppm

WA ER: 15K

3.2.4 ERAS BEOthEGE
EH -1 0 2 ) X S A sy B N AR S W AR A IR, AR S L —32k

A3t SR 7 B o RO RS Tl 0 ECMWE JF & 1) ERAS BT 88 . AL
T ECMWF b — A Fi2> #r%d ERA-Interim, ERAS ELf5 5 & 4% 1] 7 5 % LA
J% 5 w5 4 45U (Hersbach 25, 2020). A 78 FITAE FH 232/ (0, /KP4 3%
#0.25° , THEJTHELE 1 hPa 2 1000 hPa [ 37 /N5 T i LK M i 6 7820 #r it
77 it o FG TR 1 TR 2 A 8 P T R 3 TR DRI R 2R 1 b T DA
SEATABIE, R DA T DA B SR i J2 R (0I5 5 18 AR AR 7 5 M T LA R BT 2 IR
TR T P22 N 245 1) S AL R N SR B0 B b, BRAS B B4 FH A 2 W 4%
ISR EAE, DA G S 25 B I S S E

3.2.5 GDAS 917
K= A T K E3EE NCEP K GDAS (Global Data Assimilation

66



53 B R E TR mOEREHI A TR R

System) A HTEHIE NN GIIRS KABELLHERIFE IR ERAS 2 AMEH Al £k
JadkE . GDAS 43 M3 N2 [ 43 HEER N 0.25°%0.25° KIS s 5t , ETRE 517 _E3A
M 10 hPa £ 1000 hPa 3£ 26 45 K EdE . IS0 #5809 6 /M, THHE)
0000 0600. 1200 F1 1800 UTC #EAT K& AN, I FHIEIKS) GFS T i 4Iah
Yi(Kanamitsu, 1989). ZEH )48 FH e /£ — € A2 _EHERR B A [F]— Bk 4 72 V)|
ZRA0E 5 ST A B A B PR PRI R SR A AT T S TR 2R (18K Al B A
SEIVEAR o

32.6 HETHRRE

N7 GRS S R FRLZR 5 I R ASEBRRAS AT X B, R T &R
“CHEFIN.” SHIE AL T BRI o T SR AU 2 AT 1T TGO ) K
FLE RS, 580 GPS K&k, GPS IR as LIRS R 5 IR T A4 sk ae
RIFRAL, FRAF AR AERZ M o W DECHE i i PR i AR Ik BT R 4R, I
T UCAR JF R KSR T 43RS ASPEN (Atmospheric Sounding Processing
Environment) FPEXF FFEAT T 2504l 20 A R0 BT SR o SR A R S I 28 T4
EVF 2 PR REAM I AR T2 PN H (Liu C-Y ., 2020, 2015, 2014).

3.3 RERE

FH T R R TE FEE ) TE WAE JE45 ) B p An h mE 4 BRI f
T EAE GIRS AR 2 818 43 ik B R % AR 8 BT M) B AN ) g P J2 KRR
AN gt R IR R AN 1 4 Tl oA s 8 13 22 PR A AN Rl « B T GIIRS AH
HE T A% S8 RO T2 s T RIS e KR A AE T Ik 8] 43 H e, JRATIAE TR
AR AP BN T 1R B 2 BT — AN R (1S 2 8hETD BRI, 5 2 i %] —
FIMAANE BRI ZR R, DAFRAEISS [R) 3 A AE R 42 S et rh R B o XA AE I8
BT R T, BN 75 2258 PRI T 72 5 — I 2 AR, 0 R0Z % B R
RACIRAS IR [ A2 AL HIHHE BE /0 o A SOR A T 2R AT AT 5% 1A BA rhopk e (o 42 L £
SO AR B IE AR, ZIVEE R NS RRIEACSE (Collard, 2007) H:fill
FAIRNT —ANSRAE Jacobian B [RIZASALI) R %L M, MM Re i id i i b A S
KA R ACRS I PUELL (DI £5.,2021). E 3.4 P NAHE LR %
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SR P 6 R HO R BN 1 BE REAE TR BT 7] _E REWS i AL AN R Z IR AR, S RETR I 3t
PRBUR IR IR TR 220 A5 B 338 ANiliE, Hh s 146 MKPOETE, A1 192
AR EIE .

10°

—
o.—&

(b)

Pressure (hPa)
o
N

—_
o
w

0 0.02 N 0.04 -0.8 -0.6 -0.4 -0.2 0
Tem Jacobian (K/K) WV Jacobian (K/In(ppmv))

300
(c)
280

— 260 |
m

240

220 : :
600 800 1000 1600 1800 2000 2200

wavenumber (cm'1)
3.4 ABFFUPEEFRD AT R[RBRERLRIFK () KIE LS NEE KIEE Jacobian
(b) HEASMEE R BT RAKIRIEE L Jacobian, LK (c) BAAL 64520 [RI3RR I B ide i@ 38
BINTH 1976 ERERER S A GRS £FLSMEE KRG

Figure 3.4 (a) Selected LWIR channels and their respective temperature Jacobian, and (b)
Selected MWIR channels and their respective water vapor mixing ratio (Inq) Jacobians; (c)
selected channels marked with red dots overlaying on simulated brightness temperature
spectrum of Geosynchronous Interferometric Infrared Sounder from 1976 U.S. Standard

Atmosphere.
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3.4 HAERTRALIE

B T IR R Ah, R R AR R R R 2 1T TE T RS T P A
PR B A HE . FEE (2020)FF A LI, GIRS 7261 E b5 4R 5 € br
FA AR — R, R E AR HARRHE BLAE AN R E A A F R I
Knuteson %5(2021)X b [ @A P30 TR 1 — A HF FH O 3 18 A ik 22 Ko ot i
BRI AT BRI R T IE T R o AN F0AH AR 78 T B K 2 22 38 4y 12
(UW-Madison) HZEHES 5 TFEF 0 (SSEC) 4% GIIRS 7E 6 R “ HF|E”
SUTE) o WL 5 i 1 e A B R P e SURIE, SRR 2 O-B 148
VHRFIE, X GIIRS AN [F] 38 18 S A7 £ (R BE 5 w22 EAT 13T 1R BRibz Ak, &
BN LA AN RS 50 2 B 25 Yo 0 R2 I, 3 s KA A SO A
AHIF 738 3 A 3 K P KA 11 um B 15 AN S8 T IR AT
AR R 2ebrite, DONZME R 280 K BN 2 3 = Mg i/, T s
TR I R AR 56

3.5 fREMEIEESII%

N T BEEF R A GIIRS f 6o W S Hhs , FRATTR A T LS 7 S BE b i
ZEREMAML, K 0.25° KFo#EZ, B/NE ERAS 1E 100 2 1000 hPa
27 ANEE R AR, AR )5 75 E]_EULEC ] GIIRS WL 7 ) 22
7 BRI LG EA AR 2, VR A NG ZR 0 B . RS N AR BT 1H
TR B S AR AR F R 7E 3.3 ik th Y 146 ANl i) 22 5 B 51 i 22 1T
ERFLIERAE BAEATHRA T, MHRE ORI R ik K7 02 FociaE
I AT BB S 2 G B TR Sk K 192 AN IR AL A1 id T 248 0 [ 41 g 22
WIER e . R REBIRILACZ 5, B8 AUTaE) GIIRS Wl (00~15)
VE AL AN Z: 5 I S0 A R S S e 3 5040 R, 1704 /JN I ) H Al = OW I (15~30,
30~45, 45~00) fENBB I GR a2 SRR RN ZRAIiAL . EART T, I
SRAEANMAST AT S0 BE 42 2 b DL GIIRS WAL I M AL IR AR 2= 433 154107 A1
65919,
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3.2 ABEHAPLEHKHEMNERE

Table 3.2 Configurations of the neural network used in this chapter

LRSS 2 s SHBHE
i = 2 2
PN 2 146 G, 192 GRS
I = ok 22 T B 512,512
R 22 o 27
b SR ReLU
P NTE MSE + L2 1EM1k
etk & ADAM
AL & E 0.2
R RIS 20000
HR/NMRTHBIE 0.0001
R B 100

W 7E FR A e 8 AE SN Z (GIIRS D Fdgi 2 (100~1000 hPa f
ERAS JRJ%. WERL) ZMILEHARE, BMRESH 512 MiIgt. Mg
g E 2 I T (Karsoliya, 2012) B 78 4516 DL S © A 1024 T T E W I FIAF 50
(Zhou and Grassotti, 2020; Tao Z., 2018, 2016)% FH XU & 2 1 28 W 4% BT BUAS i B 3
2256 . WA H 7 ReLU B BI(Nair £5.,2010) 1 A FREUZ 05 R 511
7 (MSE) fE & M4 45 K R #L (Loss function) , ¢ H I T 1IENZ4%%
T 1 1 L2 IENMLI(Girosi 5., 1995), XF-FAN A& oA E S40d KB 3805
FE R B I 00 I AT BRI o /B T U T3 1 453 2K R B507E I it 2 R 8 o
Adam AL %L (Kingma and Ba, 2017) #E47 H f&/ME A I FEER ML, @l x) T
TEVI SRR R BEAL A B, 5 AFEAR 20 %RIIEREE R TIG IR A6
5, FELE 20000 FIERRIEARIKEA, LA 0.0001 [45 2k o Bk MIEFE 45 & 100 K
[R5 K2R RIEAREE S BIAE, 3% SR A B de /N TR BE IR AR IR B0 I e KA
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BUHIS, R G I HR T 2% 1k SRR SR B v R R I IR ) e 22 X 4% e 40, A
(Glorot and Bengio, 2010) 152

3.6 RUBRZHERSHKIE
FIH 5 GIIRS MM 37 23 UTHC I ERAS KA R 28 h T 48 X 28 31| 251 11 I 33

R 7 ST ey 6 M KR B ) S 2 AT TR E . 8 3.5 BT R AR A X
100~1000hPa & 27 A48 b I S 45 R S AN E9HE (ERAS) HIEUR 7>
A iR EE & AFE. Hd, STDE Al Bias (FIERCAERT S 2.5.1 Fh
(2.3) A (2.4) heg i, T RMSE H3REA0N:

RMSE = \/%zg;l(xi —y,)2 ER))

Forfoe Ay 43 SRR AR AL (1) S 5 45 SRR 5 2 56 B[R H ERAS [ B
Pl it R BN, [ SRR 45 RS BE BRI y =x 42 (K] 3.5(a)+
L) AR, HAMBSREERUN . 2R R RMSE 5 0.639K, 1M~
BIwZEN 0.092 K, RILH TEOVBAHUER B, 0T 3 D55 i TR ik

(NPP) [ R ZR, JHFI Cai 55 (2020)7) F 128 0 26 75 A b bt IX s H DX 3 1) 2
AR . NREREBEFZ BT LUE R SO 45 ¥ STDE ££ 200 2
800 hPa 2 [A]%)/NTF 0.5 K, {XAE 800 hPa LA R & KA A2 HIMKZE KA A 200
hPa DL b HIT = I w8 2 KA A 3 R AN RS € 1, 78 Bias 48X B 1Y
e A T T AR R U453, UAE 250 hPa LL_EF1 850 hPa 2 LR /2K Bias
#aHE R 0.05 K, HAlZ vk _E ) Bias $7E 0 B ML, B4 E AT 0.05 K.
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320 100
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STD0E4and Biasc()i?)
Bl 3.5 MEMEYZER GIIRS B RIEEAAMTRBREIRE ERRES RN T
ERAS HIZGHH LR, (a) 100 & 1000 hPa i BRI RIBE R 5 EAE S AEUSE;

(b) 100 2 1000 hPa &% Z XK RIES R 5 E/E K STDE # Bias /i B4k «

Figure 3.5 Statistical validation results of GIIRS temperature retrieval model developed

via neural network on independent validation dataset against corresponding truth values

from ERAS. (a) Scatter diagram of retrieved temperature and truth values from all levels
from 100 to 1000hPa; (b) Profile of STDE and bias between retrieved temperature and truth

values on each level from 100 to 1000hPa.
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Figure 3.6 Comparison of temperature retrieval results from GIIRS against ERAS. (a)300
hPa temperature field retrieved from GIIRS; (b)300 hPa temperature field from ERAS on
clear-sky FOVs of GIIRS; (c)Difference between GIIRS retrieved temperature and ERAS at
300 hPa; (d)850 hPa temperature field retrieved from GIIRS; (e) 850 hPa temperature field
from ERAS on clear-sky FOVs of GIIRS; (f) Difference between GIIRS retrieved

temperature and ERAS at 850 hPa. Unit: K.
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Figure 3.7 Statistical validation results of GIIRS specific humidity retrieval model
developed via neural network on independent validation dataset against corresponding truth
values from ERAS. (a) Scatter diagram of retrieved specific humidity and truth values from
all levels from 100 to 1000hPa; (b) Profile of STDE and bias between retrieved temperature

and truth values on each level from 100 to 1000hPa.
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Figure 3.8 Statistical validation results of GIIRS relative humidity retrieval model

developed via neural network on independent validation dataset against corresponding truth
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values from ERAS. (a) Scatter diagram of retrieved relative humidity and truth values from
all levels from 100 to 1000hPa; (b) Profile of STDE and bias between retrieved temperature

and truth values on each level from 100 to 1000hPa.
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Figure 3.9 The Profiles of STDE (solid lines) and Bias (dashed lines) from GIIRS retrievals
against GDAS (blue lines), and against ERA5(green lines), and those from GDAS against

ERAS (black lines) on (a) temperature; and (b) relative humidity at different pressure levels.
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Figure 3.10 Temperature (solid lines) and dewpoint (dashed lines) profiles plotted in skew-t
diagrams for (a) dropsonde launched at 2355 UTC from (124.41°E, 23.06°N) on July 9, 2018,
compared with retrieved profiles from GIIRS observation at 0000 UTC on July 10, with
FOYV centered at (124.13°E, 23.04°N) and corresponding ERAS profiles; and (b) dropsonde
launched at 0006 UTC from (124.41°E, 24.35°N) on July 10, 2018, compared with retrieved
profiles from GIIRS observation at 0015 UTC, with FOV centered at (124.36°E, 24.34°N)

and corresponding ERAS profiles.
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Figure 3.11 The Profiles of STDE (solid lines) and Bias (dashed lines) from GIIRS
retrievals using single time observations (blue lines) against retrievals with temporal
variations included in predictors (green lines), against ERAS on (a) temperature; and (b)

relative humidity at different pressure levels.
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M H. 2 T AEAE — 58 (AR %, AR I SR ARG 36 T N 25 5 » 77 A vk 5 11 S
W0 R [R5 A X O B R B0, ORI S P . BRIBEHE T LM
GIRS ME WM TEL, Refs T IF I ARRAFM R TR, HILUIZE 2 A,
ERAR FLIRT FBE (1 SJHORS FEEAH LA 2 25 SR 2 BT ARG, ARSI FE IR AR B S 12 B
[z A
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F4F ETHEEDESKEFNAOE RS RE

41 35|
R A DU 4E RS CAS RV JZ AN R B1E] A KPR 00 x5 K

TR RUPBE 2R 458 P L I U 0 B AT R S R S o H T M TR A 2 ]
oA R B, LA RER A M A P ek R TR R, X DA 2 EREUR R B R S
TRART 15— 25 W 2 itk BT 7% (0 25000 TR 75 K o B T R AOMI B AR AR A I
&, 4 C AR T — R FIF S IR i 1 TR BRI S K s B R &
(AMYV, Atmospheric Motion Vectors)[J 75 % (Velden 5., 2005), FF7EZU{EH KA ik
2L AN N ARELH T H N AL T 4., 2020; Zhang S %%, 2018; Velden %%.,
2017).

W55 ARSI AMV R B3R o 3 TR b TR SR R S L gk
ATRAE R ALB ER, £ 2 78 75 1 XU A R WO AT 20 Ah i i wligs 2okie
ZIREBNEEIRTG “ = 3R, RN 23 XU SR R 7K A BURR PR W0 36 1 Sk B
RV AE AR AL RE T 3R AF KV K7 (Velden 2%, 1998, 1997) . BRAFAEIE EE A,
F T E G AP HE AR EIRVE (Optical Flow) L # — 26 2235 & H T XU 37 1) [ i
(Szantai %§., 2006, 2000), %5k FF 1L A EATRAG LI AN T EATLH A )
R, AR T A R X% 1 R 2 9 (Stettner 45, 2019; Sun F %5, 2018;).

X T D4 I I SRR T S, A AMV EVEAAERAN T TH AL,
B B 1S s Bh K 8 A Velden A1 Bedka (2009) (IR 745 i, €&
REE AMV 77 A IR AR 2 22 1 JE BoRIE, F 205 T LR E RSk A

— A B NAZMAER BN SR 556, AMV 1 “IBERE &7 T ER
AL BRI B REMNAFAE T B — 2K, hZ EEHE, XIR KR LR
T HAEBUE R AR BRI .

R FH e 1 20 MRS P P B0 2 S Jgi 7= oy, AT DL 3 R AE A [ 3 B2 I
R P AR SRR A R T I R, IR A I I BLERZk o Bl Santek 5F
(2019)FIFH AIRS 7E ey £ BEHIX B LM, 368 5 308 B o A TR 40 388 e o I 1) )
AUAFAE, 1930 7 B X 1) =48 KSgh R & . Aid, BN TR AE KL
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JEEGR Z 0] A — DX 3R SR, R BEVE UG T 2h B IX, LUk 52 3%
K 4D B 1) 161 B P 52 1 (Garcia-Pereda A1 Borde, 2014).

PERCT B TE TR I L0 A DG AR B 08 X e 3 B4 HE R IR AR
JEEFINE 2 B A5 S AT FE B AN S i, LRI =4k CRESUEE IR B
KR s R RE ) CAAEVE 2 B0 BRI 7T 45 20E B (Velden %%., 2004;
Smith W £%.,2002). GIIRS 1A EFr_ & Mg L TR 2o ms ik KR
ML, RS SEIR KU ARES 14 ks B = 4 220 (Yang J 45, 2017). 1EA
W E—FM R, C4AIESR T GIRS B 7E TR H AR bR KA IR IS R
28 N HASIIRE 1o A B2 BRI FOR I I 1RD 23 3R 15 4381 i) GIIRS gz Wil %
B 51N H AR A I I TR 2 RS B, BI85 ) B ST ok
FE DU 4RIz SR, FEFIF GDAS BABHLER R 508 2 WL el ot FEA 1 ik
ATIRAE o BRI AL, 38— RV AR I G st i30T AN [F] D B [ [ g
IR B, DA ARSI 15 51 51 10T A3 B s A 2R B2 ) 52

42 BFERIFNFIE
42.1 BIRFHEHE
AR BT A BB R

(1) GIIRS DX Wl Bkt o s SRR PR b TR v e R A KA 44 X
Y ROEIRAE T FTRE, BFURA T 2018 47 BAIE” & KM GIIRS X T HARX
15 P W gERL, B EYE 2 2018 4F 7 H 10 H 0000~1600 UTC, LA
& 2100~2300 UTC, =#*[AJ5E 2 13.7~34.5°N, 108.9~136.2°E. #%}EZ| GIIRS £
Hh I BT AE R 52 bR 1 10 (Guo %5, 2021),  ASEETFITRFH 00 D0 A4
B B K A 3 K (UW-Madison) 923 [ RL 2 5 TR b 45t %
FERVER = o AT 0GR “ BRI LLJ GIIRS DX 3sn 2 Wl (AR 565 5., 15 1%
HHIRTCRENT 3.2 (N, (EHATIER.

(2) ERAS HH¥dE. H ECMWF KA ERAS BT BdE £ R 7k
BT BTG I T4 ARSI . NI KA LA Ak B TR R
] AMV 25 X7 00145 S (Hersbach £5., 2020), H X377 S 2 N7 24
RYLH TR T A 7553 47 50 ¥ 7] 52 1% (Taszarek %%., 2020; Graham ., 2019;
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Olauson, 2018). fEAZMFLH, KM T ERAS B/NE), R HEN
0.25°x0.25°ff1, FEEJ7MMALE 1 F 1000 hPa 2 [8] 37 MNEEIEI LA U M1 v X3
OB, PR AR 1A] AN 45 8] L8 2 GIIRS MR b, Pk B 43 21 f JRUER 28
VERZANI AE AR I Rl R v f) LA B 2k

(3) GFS HfH Fiifik 3% . K H T NCEP HJ4=Ek ik R4t (GFS, Global Forecast
System ) AT FIR ™ i £E A & IORIE 78 g T 0P A% GIIRS S (1 DU 4 K7 72 AR
Sk GRHA AL R A RV E RO - AR E A A IR GFS Fidh™ i £ 2 B 75 1) B A 10
#) 1000 hPa L4 26 NMEEKHZ K, T )70 #F%N 0.5°%0.5°. GFS R4 P14
EHREZ], 23519 0000, 0600, 1200 F1 1800 UTC, TR ™ & i B 18] 43 e Ky
3 /NN (Kalnay 5., 1990). fEAHRFFTH, FRATE R B S g i IS 201 3-12 7Ny
TR b AE PP (R AR HE

(4) GDAS ¥ AERWFFTHEM 7>k H NCEP () GDAS (Global Data
Assimilation System) 73 Hr371F %t e 8 A7 #E 0 B2 16 55— S VPAl Ak 38 - GDAS 1)
A3 BN 0.25°%0.25°, F4EH 1) 0000, 0600~ 1200 F1 1800 UTC #E47 VYK
KA, FEHEAEIRSN GFS Tk 4146 % (Kanamitsu, 1989). %5 (115 FH 7£
— AR E TR T T I GRANA S A8 R — S 8dE (ERAS) Bty ki) £EAH
RUETEVEA S5 5 L.

(5) FHRARTAHM . 7E G X LR HATH], 5 GIRS MLIHLIZAHITHC Y
ML T AR I EAR 3 FAEXS GURS [ K7 OIS 36 o 1% 26 KL E R
TECRIAR 25 B i s TR sl AL B, IR H UCAR JF R MK AHR S A BLFR R
ASPEN (Atmospheric Sounding Processing Environment) 3% {4347 7 40 H7 #1 &
P o B R AANAE P ISR A BT LA B R R AR, NS 1S EI = 4 X
JFRERAE B, AR £ 4 7E 2 M Fe )12 A (Chen %%, 2021; Liu C-
Y %5, 2020).

(6) AHI FIRSIZsRE (AMV) F=ihe N TR AR FE BT A8 I 4 1 2%
WZAZ 21 GURS 53T 1k TR BGIINE AMV L5 7= S xS b, B % &
B E FY-4A PAE FHBEM AGRI () AMV 77 57 E 5% T E SR 0 EEEM
uh FACRATA 2019 FLLEREGE, M 7R E SR — XN, kB HA
#E4F 8 5 AN AHI (Advanced Himawari Imager) = /NI [a] 73 3% )
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AMV 77 i GIRS I ULl iy B B2 X4 4 1) GIIRS e KU AT 1 R E .
X AMV 4 2 i Sk TR WA 2 BRI R &, el mE
€ Al — R A EAEH] (QC) RLAEKAF 2 H(Shimoji, 2017). A 7T 4 FH
KE AHI 1) AMV Ed 7= ity £ 56 | g B K22 22 il 70 &2 (UW-Madison) )
AR BLEEE T (CIMSS) #24t.

422 RERE

TERESLHET GIIRS VLI FA) X3 SO AL AT, 7 50 75 Bkt FH ok S X3 1 i i
BHATIERE . FTLE GIIRS B — T 2 ANEIE WL 2 18] 4776 B B A S, 1 FLAE
08 4 30 T A7 AE AR BRI 5 22 , (R T 75 2 e B 0 iR 22 /s HL e 8 RATE AN ]
JE U R AN K IAE JE AR SR SR R 0 A5 S8 T kN R S e A v
TURTIE . B 4.1 FToR AR TE R S HoeH iR R 4T Al e B 45 3, A
FELEEERRE RS T IBLIE (B 4.12), LK AITE diE (e R B (B 4.10)
KR (Bl 4.1¢) 1) Jacobian FRZk. T ILIATAEAE b— = KRR L s &
20 58 I, S T 6 UK VBN 45 BE S B AR S 3.3 IR A A, TE AN T BA
5 R R B0 2 SR (AN TR Z AR TE T, BH T3 B K 21 A/ e (e Wi B A4 1 i 3
LR AN T I AT SO0 T RURR 2 1) B (R AT SN, AER 3 1 78 o
GIIRS K LL AT A7 78 25 ) b DA A0 B MR %o 2 TG e 28] m jpt i 3 0
MBI, AEAFIE 1 146 NKIELTAMEIE RN 192 AN rhis 041 E i Il il —
[ 46) R T s 188 X3 R 0 2 T 6 1

SRS RS SE A F A, R RS R, AR ZICA R RE
[ 2% ) 43 A A5 S TR ARz 3l Jy [a) g 6 1) ) e SR B M5 R, BT LA 43 1Y
WEFLRR T A I (AR A AT SR A N3 LAAE, A0 B A B 221 OOt 22155 i — Bk 21D
Hbnl3 B ARSI DA RS 78, R B I sbi diiiis S 4 21 X5
R —RIYIZR, F LARAEA RIS 2 23 R AR ARHE . BRI, 6 T84 F
TGN GURS M3, #m NS T )37 SO G Sk 3 W
AN Z] CAFTIZIA 15 70802 80D, BN 2T CHAR & EASHLE ),
TN 338 MEIE PGS B, A dE 3380 ME AR T RIEKHE 100 £ 1000
hPa 3% 27 RGN U, V X570 &
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Figure 4.1 Selected channels (red dots) laying over simulated BT spectrum of GIIRS from
U.S. Standard Atmosphere with selected channels (upper), the temperature Jacobian of LW
selected channels (lower left), and the water vapor mixing ratio (Inq) Jacobians of MW

selected channels (lower right).

& G 1) 37 B T B MmO H AR iR AN A% Zh I8 ROk BEAT . HE 25 RE ]
GIIRS #2735 R 416 km) AHEL AMV T/ A % 10 T2 plidg
S CET R 2 km) A, H E—SRAT UKL GIRS I ZLAMNETE R
SE b DA SRR BEBR 2k S I8 IO HE R BEAT IR A 3T, AR B (T ST AR A A ARIE B2
A I3k 1 22 SR A 22 R 4% 1 [l VA R0k o X — BEIR A A9 XU S s R HE B P AN P e 4
S ) T PR R e S i AR AR, T B 2 ) P e 2 o 5 ) A O R UL RE )
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TR P 2 o UL 5 0 R 245 4E 1R/ (Van: Gerven Al Bohte, 2017; Feng %5,
2017; LeCun %%, 2015). i JLAFER, BAZRERMEN L DA AE TR 1AL
BE S RN 7 U T Y2 3 (Zhou AT Grassotti, 2020; Boukabara 4.,
2019; Tao 4., 2018; Milstein A1 Blackwell, 2016), < 2 [ 7830 15 £5 4 1l A FR %
Dhase, K 1 FEfm AN A 2 22 ) BAT PR A RSl = 0 AT A e 42 X 45 F - SiE i
=R Fod, TEMZE LSRN R A 3380 AMHE TG, W RLTHT SO
F 11 3380 N EALE, A AR S IR AR BRI P i B B A A gk 20 4b
I, LA R B 88 [ B K A2 IRAS (115K B 22 30 U0 B[]0 2 [ AR A0 A5 R o
WM KRN ERZ, FE8H 512 MPZIC, N T BREMEEE SR
# (ReLU, Nair 1 Hinton, 2010) 7Ei%/Z 45 iR T — B2 AT T 2%
7 T PES D0 S FH M R AR A o BRI 12 ORI ek 28 T 1 A R AR AR
oG AT R 22 X 25 2 10 4 T 0T FU 4R HE B 22 36 9% 0 (Sheela AT Deepa, 2013;
Karsoliya, 2012; Shibata 1 Ikeda, 2009; Hagiwara, 1994), Zi& AR ANfELGEHE T
SOEHERVE  TH R RS 25 1 AT 1) 22 A LU AR 2 Sl R (Y e 5 . TE Y]
KRR 54 ANMERE, BHEM 100 #1000 hPa [ 27 NMSEEHRE] U
MV &, HETERS 2GS ERAS 5 K2R —H.

TEVIGRZ AT, 1 SR e S X o I GRgE RS . Qi SCPE 3.2 45T
REIRH, GRS FEANESWLMIAIEI LA 15 43 (i (6] () BE #EAT X g3t . IR/
00 43 FF 4R 1) DX 330U B e A ds , AN EFETE G R b, T f /N F R 11
3 R (15,30,45) BEFEAENIZRES HFINZ R, BE, Ko Hl
2Rt — 22 BENL 7 5 80 %I ZR 1440 20 %3G E 74, Hedr & T
WAL, Ja# M TR R AR . EVIZRd RE ., FIFH He MIaafb 7 %
(He K 5., 2015)S28 1 XF W 2% % 2 S BRI UAIRAE . 65 I 25 0 3047 AL A 22
WA Adam Ak 38 (Kingma 1 Ba, 2017)/ & AL & HEATAAL, DA /ML T
TAD “ B H 2 A2 B AL (loss function), J5R A T i U6 1E 14578
HELE 200 YRR K B R AL ZE AT B AT 2 R I VR SR G SRRl AR o 6 T
AREEMIWEF, WM TR % (MSE) 1 NIERER K R, 7 HIEhd
B3I T L2 IEN1k(Girosi 4., 1995), B 1kid £ #LA 17) @ (Glorot A1 Bengio,
2010). FEUIZRTERST , A AL 1 S VP A S Y R P B, T Sl 225 S A P
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K B HABSSZE G (U GDAS 73 Mg AR SR AWM i XUE £ 7 gk —

HHRAIE .
R4.1 XEFAPERARNHENELERR
Table 4.1 Configurations of the neural network used in this chapter
(RIS 20 SR A
= 4 2
PN VIV 3380
ST U2 v 512,512
B th R 2 T 54
P R A ReLU
PN MSE + L2 IENI1L
(RER ADAM
TSR & b 0.2
IRRIEAR AL 20000
BRNMETHRE 0.0001
KRB BIRE 100

43 RRGBERS5KLE
431 HERZE

a0 b FTidk, 8 I fE R R A3 (AT AC A GIIRS =t i W = il S L et
i), 75 [A 284 55k 3 ERAS [ U/V KrEERLR, 43Sl Sr 1 H TR R
R SR AN T HE AR FEE DA R Sr AR 4R o AEE N R I EE N ZRZ T, 530
SN EE AT T RS, AN A EROILIE. () an sk B AT AL IE 15N T
100 KO BLR AT 00 [X 380120 25 (1 AR a5 R (R AR 484034 O INME TG 1E4T T 51
M. HEFIMS IS ESEBEN GURS = NEHERNIMIAE S, HR4EE 1
BAKTE 11 pm A4 15 AN A ANEE 17 520006 B A HEAR 7 =41, 4391
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RE T =M B EN, IS5 LE (CRL, clear sky and very light
cloud coverage). k= 5 =% i (LNT, low and non-thick cloud coverage) LMK
Ein5E LB (HTK, high and thick cloud coverage). BRI 4.2 iR,
MY ZRId A2 SRR AR AT I . BARTRNIWT R R B SAE T CRL 2850, (HAR
BER HARZHBEAT T — RIISELR:, DAVPHE =Xt GIIRS RS s A 14 R 520

K42 BHREIBKESSRHIREAR

Table 4.2 The classification basis and sample sizes of each group

Ak B{ECRHE 11um FHIR 15 HEAE
ST EBCEIRS P

i 51> (CRL) BT>=280K WIZR4E: 174,859
MR 43142

&= 5# = (LNT) BT<280K & BT>=240K P ZEE: 96459
MAEE: 23606

o587 (HTK) BT<240K IZREE: 29502

MAAEE: 6598

432 Lt

F R FIARF =78 RS REA i GIIRS WL 2 () 3 BLA5 BB AR, FoAiT74EN
AR L FIH ERAS /BN AL AT iR 50 00 [FIR, H = AN I REAR BTt Bz
ULACH GFS BUE TR X WA T ERAS iR Z(E BT T 40, HTxt
LU IS B AS I 52 P I 2 0 o 228 I % A P R o ¢ JEE AN E AN 3] S A B3 P A
42 JE/R TORE GIRS [ FR L RAE =AAFZEAH ERAS Z [ %177
RixZE (RMSE), PAKXIRN GFS 1371 ERAS Z A ) RMSE 13 B 7 A ik
Ol HE 42 AT I, LR RXN T U X n & (K 4.20) 1852 V X705 (B 4.2b),
GIIRS SRRt CRL A1 LNT LA 55 K il w2 L RMSE #8/hT 2
m/s, RIH TRAFHUERTE. MHLLF GFS BB =M, GIIRS £ CRL 1 LNT
FANMKZHE EZ LRI T AEXT ERAS B RMSE, {H/Z7E 800 hPa
AR JZIR E GIRS S LA A R, HAE LNT 2850/ RMSE KT GFS )
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TR e — AR IR R, IR R AR Bl U ) (R X T S8 (03
it T ANV R D R o X SR BERT M7 AE, B T KUIA IR R AL, T 3
2t 8 — AN E R . it R AR EE B, IR SR,
Hh R AR T SRS, FR 20 LIRS B, T S0 A7 9 S i o Rl
TR TH ZAFAER) LNT K53, =278 5 W H T e 8IS, (B9850 GIIRS 3k
W ZETIEERMEES), SBOCZ SRR TR, HTK 2RI R 2 70 A 1
FE— R BAESE TR — M AL, X T1%2K5), GIRS KIEK RMSE 7EKT 150
hPa IFTA %5 ETH E#OZ KT GFS. R GFS ££ HTK 5 1) TS £ [F F i
T HAE CRL M1 LNT KAIERIL, B2 GIIRS i ™ dfE HTK i RiRZ%#,
DL GFS 1EMGIE BB R ZERIH T HA T2 LR X N XA L= %
HEE S, EAEEMR, R GIRS 1 GFS % BN T ANFZRBIREA BT R I 1)
AWy CRL &, 1 HTK &A%, (HZ2%T HTK 385, GIRS ) RIEFCR
FHEC LNT FAE RIS, T GFS RIVERE N FEREEA K. X EERZK vm A
R = 2 T T L E B LAMRNACT T = 2 N5 KA, 55
GIRS Gt = T i ML R ORESE R, AVE RN 3R v Lot B —
ISP R FRIA5 2 ) AR A3l TR o 7EKE SR GIIRS R s N A b, mT A 3E S i
IR, CRORNNE B8 T HTK S bR ic ok, BIBRIR L AE e % 4R 5
2378 9 PR DX, 0 G o It DX Al P 5 22 AR PR IR s T 45 SRR ST s I FH 3 i 1 5
M, th4k, GIIRS 7E HTK 25 F it K RMSE 3 W X7 1) S s i 1 T2
RISZ IR, AN 2 (T B Gt &b
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& HS ERAS Z W HIRIEE, @XF USE: O)XF VIE.

Figure 4.2 Root mean squared error of wind retrievals from GIIRS (solid lines) and GFS
forecasts (dashed lines) against ERAS analysis using the independent testing data set on 10

July 2018, for (a) U-component of wind; and (b) V-component of wind.

Bl 4.3 Frosresk  iAgEr), 2018 457 A 10 H 1200 UTC #2451 GIRS
X 3 W00 J52 386 1) — 4 A3 5 B RO B . AR R BN, SR Sk AR E 1
GIIRS KIENY (725 F GFS Titdkys (4551 S5 Ea§i kK ERAS Bt
s AR IR BEAEA RS R ERIxt L. i 4.3 LA H, ST 200
hPa 7K JA3%, GIRS 7EX} & KPR 185 AR rE K, LA & A0 4 fif 22 o [
KR 1 DX F i AR A XU S 45 SR 5 ERAS Z AR/, Ui GIIRS X iX 48 [X 15 1)
R HE BRI RERE . MTS, GFS MR (B 4.3(b) F RIS G
3 5 ERA 5 IR (AaFik) ZIAMEHREERE, UHILS ERAS HK
W2 A ZERWE KT GIIRS 5 ERAS [IZER. F3lHh, @Eikxt b 4.3(c) Al
43(d)rTLLIEH, 7E 850 hPa X7 xiE s -, GIIRS *FF & XALB I 58 4 g
JRG - AE T R RS ARG XU s 45 AR T GFS IR«

(a) 200hPa wind from (Red-ERAS, Green-GIIRS) (b) 200hPa wind from (Red-ERAS, Green-NWP)
overlaying on channel 300 BT on 1200 UTC overlaying on channel 300 BT on 1200 UTC
- . . 35°N — :

300

110° 120°E 130°E 110° 120°E 130°E
(c) 850hPa wind from (Red-ERAS, Green-GIIRS) (d) 850hPa wind from (Red-ERAS, Green-NWP)
overlaying on channel 300 BT on 1200 UTC overlaying on channel 300 BT on 1200 UTC

110°E 120°E 130°E 110°E 120°E 130°E

B 4.3 20184 7 A 10 H 1200 UTC &1 GIIRS XIBMTEE AR E R SMEZEEN
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%1 200 hPa (35—4T) 1850 hPa (35 —4T) UAGREAHLKFRHI(a,c)GIIRS i X3 Hl
(b,d)GFS FEMIR X SO BE LF K ERAS RIZZ BIFSTEL, EHRE GIIRS 2 300
AMNEPEE (P 886.875 em™) MIMIMIEE (P47 K).

Figure 4.3 200 hPa (first row) and 850 hPa (second row) wind fields using clear sky and
very light cloud coverage fields of-view from (a, ¢) GIIRS and (b, d) GFS numerical weather
predictions (green arrows) are shown against ERAS (red arrows) overlaying on the BT from
channel 300 (wavenumber: 886.875 cm™!) of GIIRS observations starting at 1200 UTC on 10

July 2018.

EAFERMZ, 2 CRL X414 K25 GIRS MIAHTEAN LI s 4,
Rrp ORI GFS TdRIA E i RS T, 7R 4.3 gl AR BRRE RSP 2 (7]
RPN 2809 CRL BRI I S 45 SR R H LG GFS TR B8 K 2 . e
FH A 51 GURS WME B O L CRL FIRME, HREREHIA SR ZH
TRk Z R H AR AR AT — I 2O A BUE BT 8. # PRI, R
EIXPAIZAE 11 pm TR 15 A GIIRS K@ ) F =ik 283.05 K, {H
7 HCJE BT 4 AN LE 2 0 I ZRTHT — I 2000 B P38 52 23 o 271.84 KA
269.57K, XL R T 20 5% 175 G HOINE BAE— e AR LI T R
HiRZE. aXRX PG IAAEE RIS, GIRS A GFS [FAU{E FiHk
WAFEE S ERAS Z ALK —5rE, Hrp GFS (1R 2 3 ok | HAE A EUE
A5 ERAS £ G RGN FAAERZE R, TXT GIRS KRz, —J7He
GRS Js i 17 22 £ 252 31 5 XM Ja) [ WA 47 V¢ T 2 ik 1) 52 ) <32 B80G530
B8, H—Ir 2 HT &AM G KR I ) 2 25 85RO A2 A LA
) FH e B 2T A MR SR B R S 2P IR AEAS [F) 2 L2 9k b Rt [ AR A A5

XM R BRI RIS 4.4 oy, fEERE&E M5/ 2200 UTC X
HAMIAE 500 F1 850 hPa f] GIIRS Sy 25 54 FAFAE 1R 2 /3 A Ak . AHEL T GFS
BAE TR (& 4.4(b,d) T ISR BT L) FHABLE AT ERAS (ZLE k) 24 (A
EAHXT B AEAE (1% 22, GIIRS I X (] 4.4(a,0) P ISR (0 HT S ) X T AHXS
RS G M R, G kR F A RTE R RCIEH 0 aE AR e JXURD ZR b g T |
500 hPa Hfl AL XA 850 hPa Hfw R XAATLHE 1 1 GFS Tk IdERiZ, (H
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RN T RKEEE G SN BV I S A 2R 0 6 T Rk X 381 74 1B AR 6 XU 8
(0> R XARE S, DL AT B e Al DX 38l ) B iR 22 o X e 407 (1 3[R RFALE
e i R A7 £ 22 I A 220 A0 B 2 SO0 00 52 1) B X5 F) 2 7 = e, ke v oxk XU e
TE BTG ) DRSS TR R0 2 [R) AR A A5 B A B T ¥

(a) 500hPa wind from (Red-ERAS, Green-GIIRS) (b) 500hPa wind from (Red-ERAS, Green-NWP)
overlaying on channel 300 BT on 2200 UTC overlaying on channel 300 BT on 2200 UTC
N — . - 35°N — .
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(c) 850hPa wind from (Red-ERAS, Green-GIIRS) (d) 850hPa wind from (Red-ERAS, Green-NWP)
overlaying on channel 300 BT on 2200 UTC overlaying on channel 300 BT on 2200 UTC
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Figure 4.4 500 hPa (first row) and 850 hPa (second row) wind fields using clear sky and
very light cloud coverage fields of-view from (a, ¢) GIIRS and (b, d) GFS numerical weather
predictions (green arrows) are shown against ERAS (red arrows) overlaying on the BT from
channel 300 (wavenumber: 886.875 cm™") of GIIRS observations starting at 2200 UTC on 10

July 2018.

K 4.5 i E AT GRS 23 (113.1° E, 27.0° N) F1 (132.1°
E, 31.9° N) % HIK GIIRS M ERAS BHothEIEAFREXREINZ U MV

95



b TR D ORI ) B s 5 TR N F 7T

SRR FFIE . X B GIRS M%7 AL T & R A2 BT 77 76 0 K
ifi b A (XA, A0 G R B PG LT ) BT b, R R SR AR N
RN S 18] A RE A I AORES , TOARSE AT ST 70 i R, S 45 RAE IR e hr B B A
AREMIATE . TSN ERAS R 2Z/N 1, I HE SJF6EH GRS
M4 K] 43 BT R AR, ST HRE S IR, FRATIXELER T 7E 0300~1500
UTC Z 8] 2 /N X3yt 4.5 T DL HE, GIIRS XX M7 B R S T )
BRREERAEDN GRERZE Tm/s DN, HHRIIH B T AR KT
RIZ AT, R T ARSI T2 48 1) B35 7 1050 A 2 B 1) AR LE P 1)
VU2 X375 11 S I RE T

s0[_(b)
T A N
—— 0.0/ o
e --- ERA_200hPa _ --- ERA_200hPa
w
%-10 —— GIIRS_200hPa £ 25| — GlIRs_200nPa
= -~ ERA_500hPa = --- ERA_500hPa
2 — GIIRS_500hPa 2 54 — GlIRs_s00hPa
3 --- ERA_850hPa 5 20 - Era_8sonPa
3 a5/ >

—— GIIRS_850hPa

—— GIIRS_850hPa

N
\
200 el T

-12.5¢

03:00 05:00 07:00 09:00 11:00 13:00 15:00 03:00 05:00 07:00 09:00 11:00 13:00 15:00
Time (UTC) Time (UTC)

-~ ERA_200hPa (€)1
—— GIIRS_200hPa -7
2| ---- ERA_500hPa
—— GIIRS_500hPa
--- ERA_850hPa
| — GIIRS_850hPa .-~

--- ERA_200hPa |

@ < —— GlIRS_200hPa

£ E -2.54 = |

= = --- ERA_500hPa

2 2 —— GIIRS_500hPa

g - E --- ERA_850hPa |

> > —— GIIRS_850hPa
75

o0 05:00 07:00 09:00 11:00 13:00 15:00 03:00 05:00 07:00 09:00 11:00 13:00 15:00
Time (UTC) Time (UTC)

K 4.5 GIIRS R#EXIF S ERAS RI545 HITE(a,b)ypL T (113.1°E, 27.0°N)¥] GIIRS #8375, F
(c,d)ALF(132.1°E, 31.9°N) K] GIIRS }3FH) (E£F]) U RgaEM (51D V RS EFE
200. 500 F1 850 hPa BT [FZSALARAE

Figure 4.5 The comparison of time variations of (left column) U-component of wind; and

(right column) V-component of wind on the levels of 200, S00 and 850 hPa at (a,b) GIIRS
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Figure 4.6 Comparison of root mean squared error (RMSE) of (a) U-component; and (b) V-
component of wind from Geosynchronous Interferometric Infrared Sounder (GIIRS), ERAS
and Global Data Assimilation System (GDAS) using clear sky and very light cloud coverage

samples on 0600 and 1200 UTC on 10 July 2018.
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Figure 4.7 Comparison of (a, ¢) U-component; and (b, d) V-component of wind profiles
from GIIRS, ERAS, GDAS and dropsonde observations at (124.4°E, 24.4°N) on 0006 UTC
(upper row); and at (114.2°E, 22.3°N) on 1200 UTC (bottom row) on 10 July 2018.
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Figure 4.8 Comparison of root mean squared error (RMSE) profiles of (left column) U-
component; and (right column) V-component of wind retrieved from model trained with
different time intervals (upper row); and with single and neighboring fields-of-view included

against numerical weather predictions from Global Forecast System on 10 July 2018.
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Table 4.3 Statistical Comparisons of differences between AMVs from AHI and ML

products from GIIRS against ERAS

E AT} FEA R A5 U-Bias  U-STDE V-Bias V-STDE

(hPa) (m/s) (m/s) (m/s) (m/s)
200 1843 AHI -0.05 2.91 -1.37 2.87
GIIRS -0.32 1.19 -0.09 1.20

250 366 AHI -0.69 5.51 0.72 3.49
GIIRS -0.04 1.09 -0.01 1.04

300 210 AHI -1.03 3.40 -0.79 4.00
GIIRS 0.11 0.79 0.06 0.78

350 90 AHI 3.56 7.41 -0.26 4.39
GIIRS -0.37 1.00 0.07 0.60

400 28 AHI 3.24 2.96 1.18 2.70
GIIRS 0.17 0.58 -0.65 0.80

750 43 AHI -0.11 1.99 -0.43 1.82
GIIRS -0.24 0.58 -0.07 0.60

800 71 AHI 0.10 1.47 -0.02 1.36
GIIRS -0.11 0.47 -0.10 0.38

850 120 AHI 0.22 1.58 0.16 1.39
GIIRS 0.13 0.60 -0.31 0.73

900 47 AHI 0.56 1.35 -0.01 1.77
GIIRS 0.24 0.42 -0.07 0.24

4.9 B2 2018 457 H 10 H 1200 UTC A2k EH AHI ) AMV P25
GIIRS Jx i i) =4k X377 S 7E GIIRS Jin % SEE i i) = 4e =S a0 A B . AR 4
AR 78 5 4 S RS EE B, GIIRS B i H BT AE CRL A1 LNT
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Figure 4.9 Three-dimensional distribution of (a) AMV products from AHI using direct
tracking method and (b) retrievals from GIIRS using the ML methodology introduced in

this study at 1200 UTC, 10 July 2018.
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Figure 4.10 Comparison of AMYV products from AHI using direct tracking method (left
column) and retrievals from GIIRS using the ML methodology introduced in this study
(right column) on the pressure levels of (a,b) 200 hPa, and (c,d) 300 hPa, overlaying on the
BT from channel 300 (wavenumber: 886.875 cm—1) of GIIRS observations starting at 1200

UTC on 10 July 2018.
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(e L U v G PRI e T DA S AR B v 0 R 1 DU 4R KT R Hor, €
SAER BRI U AV o BAEXHR R = WA T ERAS BIRTIRIRZEN T 2
m/s. P37 SR IS BORIE K B T GIIRS A% 41 41838 3 LA 5 (/KI5 RS
A5, LA AL ANEE R A 5 1 5 X3 70 A SR RS IMEi . ARF
WEFAE NI ZRAT 2 DY 4 X7 SO R R RN, B0 T im0 # GIIRS LI A
THUE TR AR SR E, LS TR 2 18145 2 AR X7 S8 AR AR BT
Bk, SR EZER T

(1) a7 #8 R ) GIIRS W] AE & S f3 20 4E XI5 E .l ke
W3 B iR ERAS BIHERRE S GFS HIBUE kM LLEL, &I GIIRS &
15 X373 BEAE o BB F0A 7 b A3 VS I SO A

(2) AW TE A S B8 SRR AE R 22 AN AR & 22 78 i AL 32 5 e A v o A28 A0 2 P
rE, M FRERERNE, BTAEN T = MMEEREOONIR %, HHE
JS2 ATy 7 Bk — 2D (AT T . E TR IS H AR OR B & B RO HEm PRI ATIR T, R
A RESh LR IV L

(3) SIEAF R D4R i BE BRI 5 ERAS BUNHEIE I (8] 4246 5
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B, RSB AR B ZR S B . B BI NS B FR IR AR A 37 A A
(L) 245 A 175 450 71 50 B FR) 22 T A P AR AUt 0T IR 2 S i 1 Y 1 8 b 2 E L (MR

(5) R AHT TR I SAE P i 5ok B AHL ) AMV 72 BT L, K
PURE @R AMV P AEGE KA X ERAS BmEmitt, GIRS
[ Sl 5 SRAE VA MR AN = 4 2 (R o0 A (35 P FARBIHE T AR . R, AT fxf bt
SIMTAEAE — & 1R PR, A7) 75 2 B KB [ 6T B R BBl R 5%6F EL 4 B R T A X3
77 i 1 S R AT B A AT 6 LR A

JUERTEMTIFAES K CELRINE” HH 8] A0 25 0 DA AT T 35 (K
W IREEE R, AT A RAAE — SRR . 12, BT U AR I R
[0 BRI, (43I 2545 SRAE FL e i BRI X s = AR AT, B8
B 15 7B ik GIRS W 2 AANAE “ AL & KRN E W I 43 3] 1 ¥
&, WT I IR ARG AN IE F PR — DI R 2 15 70 Bh e 1
B AT SO & T . BRUIELASL, BT R =U5 A & | GIRS #3%1)
R FER N 16 km, KT/ REERIPRRRAETT 50 TR, Toi0 R A AT i
HETE, X — 4 HEAAE 75 2R F 23 TR AR AR AIE 1R R S 18 5 I 24 o e AN A
2. BEEXZ IS B 2K GIRS /K7 #2421 12 km, DAL RIREEAE 2024
RN MTG TEFTHEBIVER 4 km 4950075 1L T2 SO RERMAL RS,
KA B TR E NS RN EZEmER LM% (CNND SR 3ET W7 [ i
(Holmlund %%.,2021), #EMA 23RS 5 AER KDY 4E7K-F A7 .
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£5F BLEIESLERNSBGRNELE S HEIRTRREA

5.1 5|8

HI T 5755 1) 8 B ST AL SRR 1, R AU ST AR RE g SR e
HLsiif [A] 2 e 55 i 2 L r W R (0 = 4 RSB 1 I 45 B IR = 4 KR
15 B2 S FL I (] AR A4 e 5 38 i B Rk R] A e N B0 R TR ASE 2 42 v B TR 1
AERAME(LL T 5%, 2022), tHREOS @ KBk I S 49 20 BT B T IR
58 FERHE R FRAY, AR T AE R 2 iR AT R s 5 WA R AR R I T (L T
., 2012, 2011). HISCHIWE L O 2l AMal i Foiuk S8 1l s G BRI 5 m o 9t
e [ 1E PR AR A B T U R TI0Z KW HER R, e TEX
TR TR AT AR TR B o LRI R gL, TR A
(CD HI5EIRAT 5388 5 A7 1E T 50/ AR )R 25 (] Y0 BBl P, R T 5 A 8 v i 25
P AR AHERR R AR AT, G M T 75 1A W 2 B bR 2 mix T CL A TR B
FREEATIRBIALE S, Flanfi HSEE GOES A2 %3 A I F AR i ok
S CI TR ) SATCAST F57% (Mecikalski Al Bedka, 2006), 51 H Anif i 7%
[*) SATCASTv2(Walker 4., 2012), LAJKATH “@ER-1357 1815 = AR AAE B 1)
UWCI #% (Sieglaff 4., 2011)% . SR, &k TR G sk = 75 5 &5 77 [
ERIRAIEE B, M2 0 AR BLE I 5N RERS R AL SRR B AU TR
77 i B 0 4R e I TR 2R () T BT (Liu Z %5, 2019; Mecikalski 4., 2015). BAH
e T[] 43 7 2 0 1 b TR e i L BE e SR L BB U AN B I R R B R
MAE—EFERE e iR 1 B A T ah A m AN e v, il S ok R sgou g
7 B AR R AALE BRI S & , BAT R Tk — PR o TR RG] A A
SR B FRAR AN T

AR F T4 A E R TR ARG RO BT R R T 1 TR A EE
THAR = X R 0 2E 5 I TR A5 Y SWIPE (Storm Warning in Pre-convection
Environment, Liu Z %§.,2019), ZEX1ZAE A ()36 BRI ZRAE L AT DAL 1) B Al 2
., fEH ERAS MIRIGER B AR N = 6l KRN (GeoHIS) ## ™ i
AR BORL, S5 HLEs 2 >0 P I BEHLAR PR A HEAT 1 R GBS (OSSE,
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Observing System Simulation Experiment) , FX} GeoHIS 7E X it ¥4 i Pl T
AERAIE E T AL DT EEAT 1A BRI 7347

52 WREE
AWEFAFH T LA JUR SRR 7

(1) S Pre sk TR WM. A5 KA 7R H GOES-16 ## 1L TR
ABI 713 [H CONUS DX 3511 /5 73 # 2 U0M 5 RH(Schmit 5., 2017), A 13N
BT R 2km, I E] 7 FE30N 5 08l AT L (60~140°W, 20~55°N).
ABI 3L 16 ANlHIE, ARFFAH 1R E L2 7~16 3 10 ANZLAMEIE FWI .

(2) GFS #EWIRY: RAFZELRTIR RS (GFS)MEUE TR A 4% >k
PRALAE I T AT 75 L SRS 5B o 1B 2SR 70 HE R 0.5°%0.5°, $24it
FEFE I 10 £ 1000 hPa 3t 26 A& K U EHE, FHATMGAIRE 6 /NN, Fiidk
KA 81F% 3 /N (Kanamitsu, 1989). AT FEAEFH 1 XAE # A B (CAPE). X4
HBEF(CIN). K 840, HFHEH(LD S RPARERER RAAIIEER, KRR
A HE(MR) AT REKE(TPW)SEKIAME B, DLAKERUE . A 3 (PV)&E KA 30
TS B B S Sk PR UGS — [FI1E Y SWIPE Ji I TR AS Y fry
E S

(3) B ¥l A=A T ok B 36 BB A0 % CMORPH (CPC
Morphing technique) #% 55 b B /K 4 H1 7° & (Joyce %5 ., 2004)
(ftp:/ftp.cpc.ncep.noaa.gov/precip/) o AWFFHFFSE V1.0 CRT fRA, ZAA &
Hi CMORPH-RAW [{)#14G V1A £ 3k S5 ki b 73l 2B /K DA S i | GPCP
(Global Prediction Climatology Project)7 M3 i 4T % Z 1T 1IE 2 J5 77 h (Xie 5.,
2017,2011)o iZE0HE (1K) 25 18] 20 HE R 8 k), I ] 29035 3R 30 43, 7 15 4 BR 60°S~60°N
DA, B B B P A O e K i A S P SR 7~ W I R

(4) >k H ECMWF ] ERAS5 F70#r R R IR, DA =4E X515
2 TEARTIR TR, 12 AP T AU B 1 00 v SR (0 K S B SRR g JER 2k
FLL OSSE T2 IPAli AR SR 1 v 3 1% 36 e L 0T v ol il KRN 5 R 1
I FOTH T v ) 5 2 TR
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53 NHRAEARE K
53.1 SWIPE HRBHERERE

BT LiuZ 55 (20190 FFAR M, FIH Sk TR BG4 & SUE
TR RIS E R, @ BN EE (Breiman, 2011) #5714 e 8 T X
AV MG PR SWIPE FIZERE 2 b o ZBVAMIAELE T 260 5 DN = A
o3

(1) GHRRA S8 EE . XHRAEAS K 8 2 404 X JEIE  (AHT 49 (1
10.4um SEIE) ST B bRIB BTS2 TR IR R A e 1) AR 3
AT A D X TR, R X Rl RO AT 273K
MA =X, FFHZBR/KEER/NT 10 METGECKT 600 km? B H ARz, PAHERR
BENLZ 05 R L R SRE RGN K 25 2) F F A E A (Morel 4., 2002),
R 11T J5 B 21 2 B A% 0 i LA SR 58 JE — B 21000 B AR 2 A 75 R AT — B 0 1 A
HirmBahimik. AWFFCRAAT 0.1 MEASFMERNAEBERME 3) FH
BER EHAR =X G, tH TR AN 2 = s I IR iR %, Al (5.0
A (5.2) Fiow,

R — min(BT g21,BT 42,2 mwBTazn)—min(BT 41,1,BTa1,2 »BTa1.N) (5 1)
1 - e .
t,—t,

R — min(BT g31,BT 3.2 BT asn)—mMin(BT a21,BTa2,2 »BT azN) (5 2)
2 - e .
t3—t;

HABT o, I =A T hrr BIARE Bbr =5 I E, F1H b= g0
5. HHEANY R 5 RPN TET-16 Kh B, WAZHEa BB KBRS
RGTEAE T BE, W HHAThRId 59w 5 o 1X — BUE FEBUKYE T Sieglaff £5(2011)
BT Ge ik i 7045 H 19 4 K/1Smin AT DAAH T FR - S A vl Re v 2050 8 X 5l
R ) W TN S I B bz, THE A TEMTHRE T, H B4 GFS
PR B ILEC 2 13 W2, M pHR 5 Bl e O A7, Tt — B IL R S5
%.

(2) HARITHL . i@ B AR R RIE B e T PR TE N R 2 J5, #Hixis
H b5 2= 1R B i LE T UL ) 20 308 38 W IS 25 U s S AT UL D, FE R4
P TR A T e A . SRR, MAEZFEARCH R B AN 2] (X 5.2 T
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t3) s K b, SHIZE R E N RRFEKEEE, FFRYEREA
TR A0 I8 FR) i DR 7K B B2 P AL B BBl 23 R R 59 = NAE 2 (RS R hR TR
W(LiuZzZ %.,2019)), {ENZFLRE b BERAS . VLR, fEhN
1% RS HOEUE TR M 37K 70 M 2t 38 1 TR OO AR R L
ML DLERAS KRR A Y A B T0 T, ] FH WL 57 23 I GRG0 A )
Btk .

(3) BENLARMIIZR. 1RSSR S BRI E e, REIE RN F R
B 80%MEAR IR, FI— M E AR 20%FEA RIS, —H HAR
B o T T BB I RS E b, 5 BT X B R R gk AT
MSTATICANPEAL . EIIZRI R, 7B B — A (RLAIT 5T Dy 550 iR
A b IS 2 B ) 2R S R, AR TR R BT 2RI AN SR =
FIRRB AR RN 1101, WEMSIAG 05 S h AR R FUIR . B AR IEANH
SR I PPl 25 SR e TR T AT TN R A

IR AT B 22 i D AR [ )X PR R 0T, JFE R X X i AR
PR A 988 B AT o RS B T SRR, R SIZ B B0 I R M . 55 TR Y
BT S TR S R (Liu Z %5, 2019). SR1, %R (T HHELE A%
— AR A R AL, H .

(1) {EDLECE KRB i A b, SR 2 B AR RN 2 = XSG,
1% 75 EE H b2 (8% 30 s SR A B ARG B 4E 1 3300 T = X s KK
iR FEE ) T LR IR 22 o R ) 0] T 7 i G BN RS Bl T bR, DA TS PR
RFEEK B B B B O 288 A H AR XA AT 5, 4 7T Be il BB E A
ARIC VR ZEBE T WA I A2 () HEf 1

O TERY B I B £ ) EAB ARSI, A5 B8 T e dls— NI K B 7K 4l
HT Liuz & (2019)F4 FH ¥ AHL WL I TR) 3 9 32 2 10 734, TR K 43
Pl (GPM 2t CMORPH) IR [A) 73 #1238y 30 0, X 45 76 B4l UL e i 2
e, TR PRl 5 R L ) B 7K B EE 2 T (R B T [T SEE B 1ok 10~30 438 4RTT,
F B R Z R RGN AEAE 5 515 B i KT 2 8] 7 2K I 1],
FAZ B AR 2 18 g B B 7K 23 BT I 20 v A a2k 31 FL b RS2, T4 FL T DL IE 31 1)
EARE R T2 IERA AR ZN R 2R G0 B SE T FE R 9, 2 IR Ja b e
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5.3.2 1RBEGEZRHYH
AW FAEE K SWIPE #ALAF 5 JEE& 11 [l i, 1 B R B S5 [E GOES-16 LA 1

SEHERE B (ABD [FIFE CONUS XI5 [ m ik 2 @ iE 42U A Wi 6, 54
12X A B E R T ) CMORPH B AH4E &, a7 7 N H T3 KR (CONUS)
(X 3k o) %o 0 ok A2 ) KB TR AR AR, X T 4 i) X a2 A 2R M DL JUAN T T i
AT 1 Bt

(1) FH ABI 7 CONUS [X 5/ m i 8] 38 %, i@id ABI 55 13 J@iE (10.3
um JEIE) FIESTWI, 454 SWIPE WBESRAEE, @it sen iEsuERE

Eren Ak 5 70 Bh— IR BN = TE(E B o Tz (8] 20 HF 3R AH EE AHT (10 2340
AR, BEERBENBRE Cl6K/h) 2R, B8 EEE KK LRI
=y HHIR IR AR A 5, 5 L SR sl b A3 FH TR B S VB 1E E b = IR Bl A
BAGHEATIEER . ] 5.1 Fios g2 2018 4F 7 1 1 H 1940 UTC ) SWIPE A4 i
AR VA A BEESHI Bir s Bid i . B S1O P ES], HARA
A RIS E S EAE Hir s . 0T 2 T O 4 KR B2 TR =4k,
HAE AT R ) = T R AR R A A B BT R 116 K/h 1B . bhi sy
P 3 A 75 20 ) 0 A e 380 58 ) 5 A M L0 04 2R b — 178 e ) RO =, LA
L= AN 2 = TR SR AE AR T 220 K, (EZ LTS R A1 R 39N
TEAE, U Z AR O R E RIS = Mk CL.
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(b) 20180701_1935 BT10.3um (c) 20180701_1940 BT10.3um
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(f) 20180701_1940 Tracked Candidates
T NG e e

(d) 20180701_1930-1935 Cooling Rate

&l 5.1 SWIPE £ 2018 4£ 7 A 1 H 1940 UTC 7£ CONUS XN B BRI IS RAI4 B i5
= (a-¢) ABI 10.3pm EEEESL =ANFTKKIMNFER (B K); (d-o BEiTBERE
FIEE]-16 K/h K BRI TRE AW AR (BAfr: Kh); (D BEFHRR B REAENR H
e (ABREHMCER), XEEHRZERE RF ERHT B AR RRAEIETER KX R .

Figure 5.1 Tracked convective storm candidates by SWIPE at 1940 UTC on 07/01/2018
over CONUS. Subplots are (a-c) the three consecutive brightness temperature (unit: K)
imagery of band 10.3pm from ABI, (d-e) the maximum cooling rates (unit: K/h) calculated
from tracked cloud candidates that exceeded -16 K/h, and (f) the identified potential
convective candidates (masked by orange) to be monitored and nowcasted through the RF

framework.

(2) FESEDLRE/KAE BRIULES b, AR T B R AR IB BRI ) H A5 2 X3 )
JE FEKBRIE, SR RE T AR = AL ER S AINE AL, 15 4L Hbr = 5 Bk 8L
PE UL RCERE T, BEW L BE K 70 BT I 0 LI 21 (R S Bk H v 2 Yo Bl P9 A5 21 H i oK B
IKSEIE, AHEL H AR IR 8 SR 46 X8 R S R SR DL . SRR, O 1 8 G JLAC
HIE AR BT Z 14 5 A ARG 2 13 2 18] 5 3 5 BB A sk = T i
X, ¥ 14 5 o3 Z PR TR RIRG B AE 15 280 B b, 3F B T IRIET AR H AR
P WIAERATE, [RIN E 63 5 o4 B8] (] R ANEE T 45 7081 25 R8 21 Bk 20 Hr i
Z15 H bm VR I 2 AR B T ) gz R i 1 B G AR (5 08D, Bk Ferh s
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AN T4 MEIF% % (Dense Optical Flow) #i%(Farneback, 2003)3k%+ H bx 2 )
B sl AT 10, 127710 R A% J e % SR I B IR E AR A 4 H R R 2R My
MBS SN o LA T, BRAVAEIEIE 11~03 = ANNZ ) ABI 5 73 9 5 S 0L
PR (5.1 M (5.2) BEBEN R )G, FIH 2 A 3 PN ZI 0 EHE A
BN\ EJ6I(OF, Optical Flow)iz B b, Aefig43 8] 4877 ] ERE RN IR E
Fy, Fy FRARYE IS 18] UL i A% o 1 Bk Bt iy J I 18] 22 ¢, 3@ 4 20(5.3)H(5.4)
A ET Hin 2L BRI KA R E Ax B Ay, Forb At J9oGHat- 5 (1)
INF[E)TE] R 5 0, 3E T d it A 443 BIE PR K I 21 ¢4 19 H bR 2= Y B Al 11

N
N At

Ax = ..(5.3)

_ ZIiV=1Fy,i At
Ay = N X Aty ..(54)

F X — 4 HOGTEAS I ) B bR = JGH 5 14 I 2 SEBRI) ABL S5O0 I -
TR E A%, RIRERAE B bR = (W SEBRIE L, JF A2 G0 FE P A AR DT IC 1Y)
KRS ER . B 5.2 s A BuE R SWIPE V2 £ [ 7K 5 B VT RL i 72 5 i hie
AR SWIPE V1 7EARFZRAL B hs = b xRz . @il 5 SWIPE V1 % L RE
7, B0 e R /K VT BC 1% R 58 4 v B A o DI 2R R B B KR A5
NI 38 I 9 /N I B0 B 2 o 3R 22 1T 14 DL 8 27 SIS Y (AR M R A A, T
FLAE S R )M 55 T30 7 FH o e S 1R 40 H A5 = R B 1 O, SR Hh s RSk K #
Ay .
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(a) SWIPE V1 on moving cloud with overlapping (b) SWIPE V1 on moving cloud without
overlapping

L

(c) SWIPE V2 on moving cloud with overlapping (d) SWIPE V2 on moving cloud without

overlapping o =Y

—
’f_" ! ¥ p

4
’

i\

~

!

:: N

vy
O Candidate Cloud at t3 O Precipitation Cloud at t4 |f ’1 Estimated Cloud by OF at t4 Area to find maximum
¢ he f
YR rain rate

Bl 5.2 RFERIESSHREAENRERSIH B iR s TR LR RS E . TR
KRB R X B S RN B EXBRFEEANERS, (a) LinZ % (2019) 7%
SWIPE V1 H I KMEK IR EEILRCVE B R —F W EB X, 1 (b) Bk SWIPE V2
BEIEREAES o R ABI AR BT LA TH & AN K = ARALE, #
MmELZHEEA#TLE. X T83E5EMEEREREERNERS, () SWIPE
V1 TVER BN MK REAKGRE, T (d) SWIPE V2 BRI F bR (OF) Fl
KEHRALE, 5 t4 B2 ABI SR WLIIE B AR E A VE AT UL R H R 2] B FRkE
KB EBEE.

Figure 5.2 Schematics of the application of optical flow and area-overlapping in collocating
precipitation data for fast moving cloud candidates. For a moving cloud that has some
overlapping with its original area at the time of identification, (a) the SWIPE V1 by Liu Z
et al., (2019) searches for the maximum rain rate within the overlapped area., while (c) the
enhanced SWIPE V2 is able to locate the whole area of the precipitation cloud through
application of area-overlapping with actual ABI imagery at t4 in the collocation process. For
a moving cloud that doesn’t have any overlapped area with its original area, (c) SWIPE V1
fails to find the corresponding rain rate, while (d) the enhanced SWIPE V2 is able to
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collocate the ABI image at t4 with an estimated cloud area provide by OF, and successfully

find the whole area of target precipitation cloud.

(3) T HWZ RGN ER B REKBREA —ERAELE 4 ARER
CMORPH [#7K 43 Hirif %1, AT REAE 30 73 Bh 2 G B —IHR (15) BiE 1 /2
J5 (16) BIFEK 3T b Rk, BRATIERE T 4 B 27K 2 B SERRya Bl 2 )
K VTR Skt — B3 B 25 FIP 1 CMORPH MK /3 #iit %, /e — B =
BT UL = AN AN [F I 2B BK 0 M 3 e 33 oK AR B /K o B AR AR AR B 24
MR AR . B 5.3 TR B2 et 5 i) SWIPE V2 5232 (1 H AR R 51 5 £ VT Rtk
M2, KB K LRSI P 1 ARG R T 3 AN, FRFERE— IR B ILAC I A
R, I ORZ B bR o £ 5 1 CMORPH £{4 I ZIAR XS 5T — N
ZIH BT R SRARFFE I AL = T o AR SEIUAL I FE o, AT AR AR TR AT
— NI IR BT UL C B 2 S5 A (0 H AR 24 2 EN R — NI IR IR B 7K DL, 75 U B
K DCTC ok PB4 1h 5 DA Z Al — AN S AN I K R T T 5 SRR 2 e 2B o 7 5E AR
T 15 RGN R K = BILRE 2 J5, VLR B = B = s K2 IR L AT
—IZlmE i 3K KL b, ACRIEZ s F Db TiEEOS R, BIUCHS 31 = B3
FEEH Hbnz RIS, PRIAS 4k S0 Fo A7 8RB KRG T IB B FIITAC . 76
BEFERIE b, T AN R BRI SBUE 16 ZATIF IBERIIREA, Ko HAE
BB B /K I ZI ) ABI 8 X GBS I i HEAT AR B, 5 HLR R i AR ik 3-32°C
A K (A RS REZ S B Vo N2 B 6 i 11 O P N (TG £ R TRAT S5 D 1 2 N - S 4
B RMEZ7% | Maddox (1980)f2 th iy REEXF B &k (MCC) M, HAEIf
ARG L P AN R R TR E K, 2 H I 2B R TR 2 TR e 8 31 18]
E AR E = B BT s SR B B2 o S8 3 51 N ek LA T B br = KR I HE
BB, Aels T AT U R0 5 rp i ST DL B K R AE R I R FE 5 I i A
1555 TR UINARFAE (AR DG OC &R, 3 17 18 I ML 2% 2 S I R3RAT B0 A BRI AR A AR
PR
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Bl 53 /AR EREILERESER. XERIM 1, 2 50 3 RFK ABI £
CONUS X33 5 5-%h RIFGHIELEMM, ¢4, 5 7 t6 ALK L 30 280 4 RIFE K CMORPH F&7K
SIAHTEER . BIEAE 5 A t6 B RIXT T BAnz BMK RSB BR R R T AEL T MR R K

KRR RS .

Figure 5.3 The flowchart of the enhanced tracking and collocation framework to build up
the dataset for model training. Here t1, t2 and t3 are times for ABI CONUS images with a
time interval of 5 minutes. t4, tS and t6 are times for CMORPH precipitation data with a

time interval of 30 minutes. Note that the continuous tracking for CMORPH precipitation at

t5 and t6 enhances the chance to capture the true storm intensity based on precipitation rate.

54 BURSEMESERIIG
gh o LR ot f5 B9 SWIPE V2 iR 518 B 5, A SR ABI 2041 10.3um

SETE I R A AR B S, 6T 2018 4E 3~10 A 7EZEE CONUS X igit 7 /4
HEIXHRAEARSAT 7R FLE RS, FE3R1G T 801112 MMM AEREA . IXEEFEA
ARG Z] (13) B2 @8 SN 5 BUE Bk A oA & (ansk 5.1 A
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) SEFEF SWIPE TR AR () il I 7 Hedle S . Hrp BERLSE 1ok B ABL WL
M= TR SR s AR B XOETE R, LA It fid A Ik 221 AN [R] 21 4 bt 3
Z B 22 A R, WAHE TR E GFS B IR ™ i ¥ 5 X6 At il & AR 5G 1R R
AHERER, ARG R RIS B 1R A, DL SRS E JEE BT 2

Az &

51 NI THIFAIGS R TEREK I THRER. S TeNMEEMEHE
HEHRZEEAREKR. BAUFSE (BRTRRFERRS B REHARXHA T AER
YERRIARZZER) SRAENRENLARMAERI BN o

Table 5.1 Predictor variables collocated for random forest training and prediction in the

nowcasting model. The maximum, minimum and mean values of each predictor variable in

the domain of candidate cloud (except maximum cooling rates and area coverage that are

used directly) are used as inputs of the RF model.

Kt R A E{ipa
ABI CONUS Maximum cooling rate (R1 and = TR 26
R2)
Area HAxz R/
BT10.3 X

BT difference (3.9-10.3)
BT difference (6.2-10.3)
BT difference (6.9-10.3)
BT difference (7.3-10.3)
BT difference (8.4-10.3)
BT difference (9.6-10.3)
BT difference (11.2-10.3)
BT difference (12.3-10.3)

BT difference (13.3-10.3)
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Bk 5.1
Hll R B3 i
ABI CONUS BT difference (3.9-7.3) AN A AL A a1 il 22
BT difference (3.9-11.2)
BT difference (8.4-11.2)
BT difference (11.2-12.3)
GFS NWP T (Temperature) 500 % 925hPa &5 [ [ 2 [A] A KSR
MR (Water vapor mixing Ratio) WLk
DIV (divergence) 850 1 925hPa &5 1fl HAKJE R30I
AT AL

Ose (Pseudo-equivalent potential

temperature)

DIV10 (divergence at 10 meters ~ HU[HIFIUT HL T KRB0 71+ #ITHRHE

above surface)

Tsur (Surface temperature)

PV (Potential Vorticity) 7E © = 320K S 1 o7 5 B

K-Index KAFEE FEAIREAE B
CAPE (Convection Available
Potential Energy)
LI (Lifted Index)
CIN (Convective Inhibition)
EBS (Effective Bulk Shear)

TPW (Total Precipitable Water)

FEXTEAR PR KR 732K b, R TR ESR R (AMS)A TR KSR FE I &
S BB I B ) A R AR A FLUL G 3 1 fe K Bk s 7 1 =AM 45 4% AR
SRTTN: B X EKEAKBEE/NT 2.5 mm/h BAMEIFRC A EER, KT45%
T 2.5 mm/h H/NT 7.6 mm/h BIARIE 9 AESREE, KT 7.6 mm/h HIFRIC 9 50 i
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Ml(AMS Glossary, 2012). 7EXF M1 730 AR L TAE T2 J5, ¥ CULECAS 2
SHREHE BN — AL 80%FEA K ZREE H TR (I ZRAn Ak, 1 el
R 20 YR AE AL AR TR M RHIERI AL . 3R 5.2 Fos A F4L
P EANAN R SR T IREA T . B, BREA T 94.3 % FE AR 550 i 5k
SHRMEREA, B2 B TREAR FEFEA 3.0 %l i SR i XA B AR AR 2.7 %
RREAREA . (AR R, AR B MFEA RIS ABL ALIIAH [FI 5
S pb RIS TB) 3 R R AR B SO BAR 0] 5 08 B BRI U ok T R 2t
IANEIE TR B bR =X &, MAERF R R RRE RS . Eh CL AR
TR AR, H AR 10X 28 B bR = o AR R 7 IF A S O HIE R R 4
TR T e PRARE R I TR PR e J 3 SR RO E bR 2=, WU AT REAE S R 2 AN I A AL
SRR RIE B BORE A, A0 I8 FEAE N [ B U PRI AR5 T 4 328 485 75 o 42

#* 5.2 SWIPE fREI7E 2018 4F 3 2] 10 A Z [H7E CONUS XI8B B2 XTI iR B trke 4

B2

Table 5.2 Sample sizes for convective candidates tracked by SWIPE in CONUS during

March to October 2018
EAEITE S SR IRURE AR H AR AR 5% IR FEA AL
XA
AR 21519 24096 756497 802112
%S 17188 19288 605213 641689
K4 4331 4808 151284 160423

5 SWIPE V1 A8, AROFFEHRA 7 BN EIEIES CL Al ks
RIIRLAS 5 ST U SRAE S o BEATLAR AR 3 FERE R Ja I 3 A R TR R -, ZEAS [
WERTEE LIZR— R BN RIER 73 835, R FH & P S Tl 25 S~ 35 K3k 45
B3 TR Z5 5, H HAR (0 553k SR AT 20 35 4 %1% 3 % (Breiman, 2001). C
RTINS FFIY T, 2 I ZRBE R — 2R AR B K T H AR,
B THLER 5% 2119 2N DAY 230 2 W O 2 BRI D R A I AER M (Sun Y
., 2009). =T AHI 1) SWIPE VI BRI 1 7 %% 28 I RE A KRR~ 1) )1 25
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PRI R Liu Z 55, 2019). FATEG TR HIEH T FFER N RFEIZRHE
W, BNFEREA BRSO N AT BEALRARE, [ HE N UIZRIN 2 2R R A ik 2]
AT, T BEALAR AR D5 28 15 A 3 S RO B AT ISR AL « BR it 2 b,
FABLXTEL T =57 (S5 IAN IR/ A S0t /st ) HESR 5305038 (EBiX
L/ A S B I SR AR B LE AAT 185 A S R SR 28 0 B i Fidie g g o
X3 SR 43 PR E K = 73 AL BR BRI AN R 5 1, Mk
SOOI LR AR SR L, IR FH BELAR AR DAL A3 A A (R AE SR AT I S5
5.3 PRI A FEAE N ZRod A5 o st be i DU AN AL I SRR ZE 1 % B 1R
AZACTE SR ASE ERHERVER L, o 2C F1 3C 2 AR AR =42k
BAL, UB A BA 73 HIARE AR BEATAE AT A B 17 (unbalanced) FIZEIEAEA
SFHTALFR A (balanced) . FEAHFFLH, R A SRid RE /& ) FH 4 2 H s 30
Scikit-learn T. H (Pedregosa 5., 2011)>Ki# A7/, JIZerh B =D F 2
SR R SR S 8 (n_estimators), KR (max_depth), PAK SRR
I 2% F& (4 55t KRR AF $ H (max_features) . = /> 2 % 60 38 3 38 FELAR Y A
‘n_estimators’: 100, 200, 300, 400, 500, 1000];  ‘max_depth’: [10, 20, 30, 40, 50];
‘max_features’ : [5, 10, 20, 30, 40, ‘sqrt’, VLA ‘log2’l. X T ARPIESEHASE,
i 7 484MF4>, Bl OOB score (Out-Of-Box score ) P4 xif SR T ()32 1L fig
SRR 2 BE AL ARAMAR AL () — P A8 SCIGAIE 592, SR FH 002 1 A e S R e 1 5
FEA BB =5 2 — IR AR A NN 2500 F TIPS 8L (R R, (AR 815
PALE I Zocd 75 o S ek HoZ AL RE 3 — D Tofm Al T, & T RAME I (i SRV iR
HiEZ W.(Hastie 5%., 2009). SULFEIS, A [FERBLE ST I 0EE LK 70 SRR 22
SRR 53 G SRS, BAVERTAIIZRIA 5N N4 R kR =
bRt ZE (365 WEUED HRE /DT HX M AIME, SRR TR &SI g 5%
TS A (¥ SR G FEAN UG, T RS TR A R ) S R IR AE T A AR 49 R HE
ZRUL R REASAETHR A o LB RIZR I Soh e B B, AHELT =70 B
B, oy SRR R T A AT R O UE A, BRE M o KR E
A S R E M . AR LE T @ AP I 7 55, (6% H 4r RHELE T SR R e
ARG A (3 R R Y R AR AR 3 R S UE R I, (& 5 R B G 0HRAE AR (5
FEAR I LU B ik 94 %, IXTEIR KFESE b2 U5 T3 AR A A A0 I AN P4 ik o il
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AR H MR A R AR TN 9 58 X, £ = 73 SRR ) B AR AT ) A
IKE] 94 %o AFIUXSIHIA R IR FURAR AL, LA BE ST N SEAE I 7 A ) 5 %
TREAS I TR BE /7, PUAS TR A2 7 SRS v Ay 24 B HL 8 TR R TR 8 70 AR s 1
PRI T SCHIIT F0Rs 32 B0 sm XA S0 1 PR OR BEAT 70 #r

K53 ARNFZRITAMEDFERERHER, UAEFAGHRTEINRABSHAS
WHE B AR FRIMPD DURAER A LR RER I ST P E U R AnEE (B3
FHER)

Table 5.3 The classification and sampling methodologies for different scenarios, and the
mean value and standard deviations (in brackets) of their respective OOB scores and overall

accuracy on validation dataset.

S FEA- 1 APy MRS AR 2R
Scenario-3CUB =K e 0.951 (0.0003) 0.951 (0.0002)
Scenario-3CBA =k & 0.663 (0.0053) 0.794 (0.0022)
Scenario-2CUB MoK £ 0.978 (0.0001) 0.979 (0.0001)
Scenario-2CBA PG & 0.876 (0.0016) 0.867 (0.0016)

H: RP=ZRBER GEXTREMIERSR/ SRR, TR EHR CERNRARNTD. A
SRR BRI TR 7 AN GBI R S P A RRA R A B

5.5 FUMLGERSHE
FT FRPTHS, FRATR S 9 AL A AR B PR ARAE N AEAN [R5
TRV RE I PRAL, RAARSKRH T o RIRERE R T, RN B L& T A
(POD, Probability of Detection). FZ%# (FAR, False Alarm Rate), DL REERY,
hFe% (CSI, Critical Success Index), MM CAAS[F] 1 £ B S5 A DA 15 20 78 5 50 ¥t
FEATRI IRV, S VPR PR E AL 5.4 TR 5.5 Hhga .

R 5.4 ABFICHLES IR RE X5 — 45 I LA BT (E AT DL B SR R R
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p 2l
Table 5.4 Confusion matrix for predictions and actual labels of a specific class in a

classification task in this study

S2BRE
1 0
T{E 1 A C
0 B D

R 55 B AT I BENLARAR 2 SFARTY 0 5 — e e SR I T BE 1 AR
Table 5.5 The metrics used to evaluate the performance of the random forest classification

model on a specific class

ey s Fik AR A
firi & (POD) A/(A+B) [0,1] 1
R (FAR) C/(A+C) [0,1] 0

PN DRI =R A/(A+B+C) [0,1] 1

(CSD

R 5.6 R FE 5 IR 20 AR A TS S s S P A )
TN BEA BTN VF ki 45 R o 7T LAE B, FEA[F) 40 FHESL R OREAP A B8 (3CBA
A1 2CBA) FREBUH & T Hou REF PG 8 (3CUB M1 2CUB) £E 5L
FHE ) POD, (HZAEREE X ) FAR. AHELZ T, JEPgiia R4 A
AR CSL, AHRHXS T30 iR A A 1 POD /NT- 0.4, MRE TR 7 KZ
B BEOTIRAEAS o X P IB B A S T SCR B ISR AR B AT G, (A2
% (&3] SWIPE BEAUEAOHRAT A TR AL, TR OCAE T R B S R v
HAG 5 I A AR TS B . 25 FEBITERT SO B SRR A, SROGHIRAE AN
2.7 %, FATAALERE M H AR = FEA 2 R AT RE 2 U6 SEIRURE AN 5 34T 4l
PEFITTM A L Z 4 S =% R, T G P id e 1 i 0 s 1R AT LA JE I S5 2R e B B
Bk [ AR SE BRI B CAA B . INIXAS I FE R, 280 B AR 1 i A Y
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(3CBA A1 2CBA) FriAIL i HIAE SR IiL AR AR 1) T fE 77 B 3 i R R {EL
ML, 2CBA FERAER TR B XS T T o S i e A e %, {H 3CBA
JER T RATAE FRAIG TR E R A AN AR KR 1 0.63 [ R, 45 ORIIBETTR:
X PRI PR A SRR A R Tl 6 0 22 5 AT HE— 2B I 0t

*® 5.6 ARNGER TIGHEMRABIIREIRTHHR > BEE RGP R
Table 5.6 Statistics on the performance metrics of the storm nowcasting classification

model trained and optimized under different scenarios

eyl POD FAR CSI

Scenario-3CUB §5/4E X 0.99 0.04 0.95
HHAEST IR 0.03 0.55 0.03

SRS 0.39 0.35 0.32

Scenario-3CBA §5/4EXT R 0.81 0.01 0.80
HHAEST IR 0.58 0.90 0.09

STV 0.63 0.66 0.28

Scenario-2CUB E| RO 0.99 0.02 0.98
SRXT I 0.31 0.25 0.28

Scenario-2CBA eSO 0.87 0.01 0.87
SRXT I 0.90 0.84 0.15

N T BB R FE S T LA T SO AR A TR BE 7, A ST A5G
HOE A 29 BT RE A R JCAE VR 3 R 220 B0 E b 2 7 s T AR 40 1 T =2, 43
Fe[HAE 1000 km? LA /N HR 2, THALE 1000 2 5000 km? (145 HArz, A
JHALE 5000 km? Je UL ERIK Bz . B 5.4 (a) B i AN ) T AR S 1] P 1)
ST I R RAE AR B R AR 0 A o AT LA B, AR B bs = R AE BEsst
TR e T AN B AR 25 6 T2 52 T ARAE 1000 km? LA IR B AR 2R A,
HAEGR T R A B SRR A 101.75 £, 16T 5000 km? & PA_ L H FR
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ZREA, AREXTRFEA B OONSRITA 4 fF . 17RO SR A SRR A Y
Hr, HARIEE] 5000 km? LA ERIKRBRR = G HEoR, 3T H k2 45%0)
FEARRE . K 5.4 (b-d) Fronsa R FfE s T INZR AR A8 [F) I AR R/ R 3 At
PEAR B TRARAE 7 o 383 A5 6 AN ] T AR L5001 BRI AE R 1 LU A, RERE T 2 BT
ARERTER Hbr =2 (8 5.4 (d)) (1 POD. FAR 1 CSI #B2& & HBLRE = A
AEHB R R, LT, SERENERSI (K 54 (b)) TR
FEPJ4 BRI AR A, XTI T SWIPE U H ARG 38 B AR 7 VL0
T 5000 km? K LA b (S 7R SEAT RS AR EAG L /NS B FRDRT A RE A B 47 ) TR 45 2R
T3 — 45 5 AN BE B I ZRHE R A A R T AR A

X EEAS R I 251 50T LAE 21, 2CBA B0 TR AR 48 1 POD 14 %1 0.99,
R AN T U B RSO0 IR A 4 H T sy (1 T A 190 o (H2 5 0t
[FIET, 2CBA iK% 0.63 (1) FAR tH7E PU/AMSEAY 2 s (i iy, R AL 7E I
B TEAF 5 DAMB A V2 2 #0774, XS s AR KRR BRgm 1 iz AR BT
CSI ERJRIM. M2, 3CBA #AU) FAR FHXHEUR, X4 2CBA =712
=, [FIRBARFE T Rk 0.85 ) POD, TERKHAREA (1 T oh B 58 By (1 2k
M. /R 3CUB H 2CUB FAY i T-HUIKH FAR, 3R BEMSAE POD AHX w1 15
LR CSL HR EATTE R S AR A RN A L POD K,
BEWRE CAT T HH/NEARR CLE ST RE IR ZE . JUH 20 T TAAE 1000 km?
PA /KRR A, Wl 5.4 (b) Fiizn, 3CUB M 2CUB JLT-3 A X T s i
AT TR 7, DRI AE S B AR b 45 T 182 Aok 52 SR R IRl . A ELZ
3CBA 1 2CBA #55Y BARTE Hf/NGHRURE A 0 RO AE R 1 A1 A AN [RIRE BE (R BRI, (1
FEASRAE R FF—E M POD. JuiLfE 2CBA, RAEILAE/INKHRFEA 1 i) i 2 R A
w1, AHE &R NFEAR S AR SR TR AL 5 B FEAR 1 0.97 %, HSEBRSS K
SRR TS 5 A A AN TR AR 12T 9.1 %, ATHAR & — & I iR Al
TERE T, TE— 0 I o A i T DA S 8 1) T A I S AT T I

2305 T 3CBA 1 2CBA #7 & T 45 3k — 2B M R B, 7E 3CBA 1ET
TR A SERATRFEA 2, 100 Y% RKHRFEA . 99.85 % AEXHRFEA, LA
J% 98.96 %o lI /NI R A [ IR 45 2CBA AR BT BRI TN . 5 LRI, £E 3CBA fir
IR E S, 99.42 %R KMTRFEA . 99.21 %M HSEX IR AN 95.16 %[
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IIFHREA AL 2CBA BRI PR Ak AR E . XU T H kA R
AR 8k, XOAFET 3CBA 45 A Ry T 45 R, R iR & 2 3Rk A
XD T 2CBA 4t SN 2 TEE S, FINPEREE 2 S ik 2T
XL HTAE R, FEARRMI TR 25 JE R AR 5 Tk 0 S8R, £ A
AR TR [ T 245 FROR IR0 T il A BN A R E(S 2 — M7 s i 22
P AR A R 55 4% BRI IEAT, T SERHS Bk B MR AL B IR Es R
A B AR = PR N Dy s xS, R ARGy “amx T T, i
GRS RSN L O SmAHR,  HURs AR ICoy “IB SRR 7, H AR
SR VRS S AMEARIC . )5 3C P R 45 B0t Ja () SWIPE A RU7E SRR
5 m 0 R CR F s

AN 37 5% (R 7R 240 2R B ) T AR50/ BRI R A TS P i 1K 1)
A, XA ERE LA SWIPE HAITFH KRB S n iR a5, X+
1000 km?® Ay BRIELIK/NEE B FEAS, o K207 32 kmx32km, 2T T
SWIPE #= 2 i I T2 R A BT =5 B GFS HUE Ik 7 K770 w5 %
(0.5°x0.5°), XK KX T WK AAR B HEARERIT REE LIRS WE,
11175 SO A A BT 12 AR R AT Tl o XA e R AR, R
eI 23 o R A L TR LI e e A MM AE X R AT S A A CL AR5, X =
YR BN I FRIFA R R A, TR A AR T v 3SR BT =
ZR. BRibzoh, SRRV B AR LR FEAST =, I ERATUL A
AR SRR E I )T IR HbrteAs, R e OB A A X B
POD ] 2CBA f AR 245 5, il Jm SR 0 RS2 HR A MR B Rk AT 2 1k .
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(a) Sample size for different area groups
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(b) Metric Scores for samples with area <= 1000 km?
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(d) Metric Scores for samples with area >= 5000 km?
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54 (BN A SRR BRFERA GEBUNT 1000 km?), % BHFE
A (EARTE 1000 2] 5000 km? Z[A) PARKEH A (HARFE 5000 km? XA E) A
AR, b-dZIIEHRBIRRENG)VDERD: (OFFERD; MAXKEFEEK
POD. FAR fll CSI PF43. TGRS FHIE LiES K 5.3

Figure 5.4 (a) Sample sizes of non-severe and severe cases for group small (area smaller

than 1000 km?), group medium (area in the range of 1000 to 5000 km?) and group large

(area no less than 5000 km?) in the validation dataset. (b-d) POD, FAR, and CSI scores for

the severe cases with (b) group small, (c) group medium and (d) group large, respectively.

5.6 XHmA

Refer to Table 5.3 for the definition of the 4 scenarios.

BIFTER R

T A AL 502 ) SWIPE #5842 ] 2018 4F (B4 EAT I 2R Geit-Ar 56 v
PAME FIZAART 2019 4 8 H HIESLBE AT W S5 AL I Filk B T k38 . SWIPE
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BRI ABI 7£ CONUS MUMARKARIEI ] 5 438t 8] 73 325060 T 30000 H AR gEAT
WIEER, I CARIRE BB R] 20 He e 25 TR SE . SWIPE REAYTEAEAN B i3k
R B 45 TR 4 BRSPS RE RS 2000 2 434 o 36T SO TR AR BEA ) F
fgE R, BATRL R T 3CBA M 2CBA [FIfizfT, Fuf gk UL S HIRAITT
PRI AR SRR 2 BEAT Tl o A H AR 22 4300 A S [R] I 5000 g 20 A
K 2 hRIC N “Severe” BIGRXL IMT 24 HAX 4 H i — MR TN A 580 R, 1%
ZAHEFRICN “Potential” RIVETERRX UL, F9IEIX PRGN H (5 5. £
BRSBTS SR R, — DI G B R 2B R
H b5 22 B 28 A B S WL BT VR 80 o XK A7 Bl T FT GRS T 4 e 5oV T )
Hirz, EHEKE T E TEREZR AT L SWIPE MR BIHE 1155 T,
I 8R BE A% SIS o o 2SS E R T4l i B ARiB i, O T
PRl S5 TR RN, AEAR T W AT R AR o AR IR T A SR X
F M Aty SPC (Storm Prediction Center) g3% M 2019 4 8 H PN L  fr) 5
XA KA 4 SWIPE A 1) 52 R TR R RICR

kil 5.5 s, i ki) SWIPE A58 e Dy iR 31 1 1 A 2019 48 8 A
1 HAERZ S 1 — A Rixhim Bz, RIEAH IR, 1Z B R R T JR)
H R TR B R G, HRE M X IE A T B KA R R E . B S5 B —AT R
SWIPE HSEI PS5 IR, 7T LAE 2, B FLAE 1605 UTC X TiZ R G4 1 i
G, TWESSHON “WAEEANR . MTE R —KE, ABI7E 10.3pum L0 2]
iR Ch 260 K i, 7E 1600 UTC ) CMORPH [ 7K 53 M3 %A H L% i
IFEK . BEE RGRIKE, 781635 UTC, Z%HIrE TR RIME E 28T
240K, KEH THHRMR = TRE, HAE 1630 UTC ff) CMORPH 4373 E.4 H
BT 5% RGN RBEK. BT 1720 UTC, Hbrz R ZE B K H A X reif
240 K LRI = TIX 80 5 253K, %R 1730 UTC B CMORPH 43413 7R
RGN N ) B K B 7K B B IR L 7.6 mmv/h, GEE] T SWIPE B () 56 it 40
e o IR REMRE R FZXF M, SWIPE BINHSRHT T 1 /N 25 20545
TN TREAS B Z ARG E RS E, FEAE 1900 UTC HFE K 58 B2 B Yl
16 mm/h, FF—HEFFEE] 8 A 2 HIY 0030 UTC A Z B 055. HEmTHOER
JEBCA R, BT SWIPE i BRId K R I SR BOA B AR N Pk 5, BRI
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A 4S04 T (1900 UTC ) SWIPE %t H 45 B2 0 55 — AN Xt H AR )
), R SWIPE BUAUHZAMII LS I TARAL A “potential ”, {H 2 i id %) - [F] —
H% 2= 2 0 SIS 5 R4 i TR AR — I E X R G IR, I 7E
b TR B LT 0TI A AT B A TR B R

20190801_1605 20190801_1635 20190801_1720 20190801_1900

. 20190%;11@60, ~

N —

N/

**Precipitation
*?Rate (mm/h)
10

B 5.5 SWIPE BAIF 2019 4 8 A 1 HEEIL R SEHIMIBER BN — B RBAM. B—17
B9 SWIPE A MFBL R, SINT UURKERRE ABI 10.3 pm @EFEWN, Hp
“Severe” 7~ 3CBA AL 5 2CBA A TR RB 7RI —BCAE, M “Potential” &
AMUEF—MEHBRBHE. FATHRRERERRTH ABI 10.3 pm EEFE WA
(L K)o B=ATRPTRENRE CMORPH K (BEAL: mm/h).

Figure 5.5 A severe convective storm case tracked by the enhanced SWIPE model on 01
August 2019 in North Carolina. The first row shows the greyscale BT of ABI 10.3 pm
channel, overlaid by the results predicted by the enhanced SWIPE model with ‘severe’
indicating unanimous classification decision of severe from both model 3CBA and 2CBA,
while ‘potential’ indicates split decision from the two models with severe predicted by only
one of them. The second row shows the colored observed BT(K) from ABI 10.3 pm channel.

The third row shows the precipitation rate (mm/h) at the given time from CMORPH.
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SWIPE BLE7EH FLE 2019 4 8 H 7 HAEBITREE M LA 30 430 B[] ] B
SRR T HANEAERI R = AR IF4r il 4s T AR I XA = B bR
W& T IR, MAREMR—MEEBORMAR RS, IHE R R M
ARACERIE UKL . KL R K & 9 F MR . SWIPE X T /Mol (14 Fridie 45
RUnE 5.6 Frox. BAALE 1655 UTC 1 Ja7E Bl B MM ZRAEHR B0 H — iR =
HAx, 4 H T 20008 “Severe” MTREAS 5 . M IZ RS0 H X SRR TE 250
K 74, T CMORPH ZE#]— B AA A F] 2 mm/h /Nl . £E 1725 UTC, SWIPE
EZ B IR 5 — AN Bhs s, R H T AN “Severe” [1HENHR T
o PIANRGAST, I H & B4 CMORPH /K73 Mz EAT B O R 7K
DXIBCFIBR L o 2 ZR M KR 2= AR o, =TSR AE 230K 724 . 2 1800
UTC, WA HIs = #A W R RN E), Hrhviil Bir s )i shdE ek, R
T4 5 R0 B ARz &9, %] CMORPH 7%t 7 [X 458 (14 5% K [ 7K 3 i Ik
L 7.6 mmv/h, TE BB SRR 2> K EAE . IXEIRAE SWIPE BIAYSERET 1 /M
5 AP BISHZAMGIE T I T . )5, WA B s s sE IR, JETE 1930 UTC
BB T HE 12 mm/h (FEKERIE, th %0 R SE CMORPH _E o % k%
IKERFE, ZH 2 [E] B BT ORI KRR AR 37 o 6T 3 B Y g A7 e A )
RIOKEL R RURA S i /K 1 e s i R 48, SWIPE MR i Dy HPE & H
SIS IR R RNI T 2 56 IR BAs =, IF HAEXH R R 5 B 2w kg
2.5 /INFR A H T VA TR P SR K T

20190807_1655 20190807_1725 20190807_1800 20190807_1930

*? Precipitation
*° Rate (mm/h)
s
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B 5.6 SWIPE BRET 2019 £ 8 A 7 HEBMREMBEZIN XA S & IR — @i
TSR, F—17HaN SWIPE AL R, ST URERRK ABI10.3 pm &
EREIN, Hrh “Severe” iR 3CBA AL E 2CBA AN TR K KK —BCHE,
T “Potential” FR{UFHH—MEHBRBHE. £ AT NEBHRRTK ABL10.3
pm EEFFERP (B K)o BEATAFRE KK CMORPH FE7K (BAL: mm/h).

Figure 5.6 Two convective cloud candidates that merged into a severe convective storm
case tracked by the enhanced SWIPE model on 07 August 2019 in Wisconsin. The first row
shows the greyscale BT of ABI 10.3 pm channel, overlaid by the results predicted by the
enhanced SWIPE model with ‘severe’ indicating unanimous classification decisions of severe
from both model 3CBA and 2CBA, while ‘potential’ indicates split decisions from the two
models with severe predicted by only one of them. The second row shows the colored
observed BT(K) from ABI 10.3 pm channel. The third row shows the precipitation rate

(mm/h) at the given times from CMORPH.

57 FREFHEESTS

TEZ IS BN AR MRS RL I 2545 2 0 A Im TSRS 2 5, R Scikit-learn TR
(Pedregosa 4., 2011) 7 [J4RFAE 2L L% U743 (IS, Importance Scores) X %5 I TR 5
T e AN TR R A 6 R R AT T VRN . 3R 5.7 BT I& 3CBA R 2CBA i
R, SRk B ABL G IIIAT GFS $E Filil (NWP) KAIAEIH % 5 1T4
Bl 10 ANFHRE -, DARCEATIRE R PR oy R4 1 . I8 I B TR oy HE 4
BT LB 2, 7E 3CBA Hil 2CBA B HEA | 5 FITHRE 755K B T ABI W
M, I HHE AL TR R T35 HAR 27E ABI 1 6.2 pm A1 10.3 pm JH3E 2 7]
SElm ZE MR R o X —HERAE DU BT 5B TR B, KRB TE 5 X s TE
Sl 2 S BB RAE KR P 1) 25 V05 %o L2 TOU PR v B2 DT i /s 8 E PR R it it
FE(J Schmetz £5., 1997; Mecikalski #1 Bedka, 2006; Mecikalski %%., 2008; Ai 4.,
2017). HARHEAFERT PR K 884 T ABI 1 6.9/7.3/9.6 um J#IE 5 % X 10.3
um JEIE 2 [ 2% . 3CBA A1 2CBA HALE TR A T EEHES LR FEZ
b AT NWP AR B A . R NWP AR B 7E AR (1) 8 1y
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LEAHNT ABL AL E, {HZ& NWP Z&EE 3CBA M TTHR K T7£ 2CBA #i%Y
Tk AHEL T 3CBA #E7, SR 2CBA fEEEMEHEA AT 25 TR TR &
HHEZM NWP 5, HRAATHANLEEZEESIHEE T 035, @lid
AR E, XYL TR PRSI AR B 2 Ml ABT WIS NWP, 2CBA 7
(R Fo & SR ik asck B ABL & X 52iRS 6.2/9.6 pum G TE [A] R 000 72 5%
Mecikalski % (2015)[FFL 8 &, (EHET LA CT Pl F 5] A %L
EAE TR RSB B B R D B R . FEARBE MR, NWP 4B
SR R S 10 3CBA BRI T AN 2CBA BN REE R, H [H
WA T — o drh A

£ 5.7 MEVBMHRYIGEDREE 3CBA 1 2CBA KR A FEESE LS HELZ BN

Table 5.7 mportance scores and rankings of the top ranked predictor variables of RF

models 3CBA and 2CBA
B R BB R He4 REE RS H4
e Har
dBT(6.2-10.3)max = 0.0346 1 dBT(13.3-10.3)max = 0.0285 6
dBT(7.3-10.3)max = 0.0327 2 BT(10.3)mean = 0.0210 7
ABI dBT(6.9-10.3)max = 0.0319 3 Area=0.0175 9 0.610

dBT(9.6-10.3)max = 0.0309 4 dBT(11.2-12.3)min = 0.0174 10

BT(10.3)min = 0.0292 5  dBT(7.3-10.3)mean = 0.0170 11
3CBA K-index max = 0.0178 8 DIV (925) min = 0.0128 25
MR (850) max = 0.0156 15 LI min = 0.0109 28
GFS DIV (10m) min = 0.0150 18 CIN max = 0.0107 31 0390
Nwp Ose (850) max = 0.0131 23 TPW max = 0.0104 34

K-index mean = 0.0129 24 Ose (850) mean =0.0104 36
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43R 5.7
BE R Ba=CY e 4 BB RIVS Ha K5l
£ B
dBT(6.2-10.3)max = 0.1804 1 dBT(6.9-10.3)max =0.0291 7
dBT(9.6-10.3)max = 0.1706 2 Cooling rate (R2) =0.0095 12
ABI  dBT(7.3-10.3)max = 0.0654 3  dBT(3.9-11.2)max =0.0088 13 0.721
BT(10.3)min = 0.0607 4 Area = 0.0077 15
dBT(13.3-10.3)max =0.0315 5  dBT(11.2-12.3)min = 0.0071 17
2CBA Ose (850) max = 0.0314 6 TPW max = 0.0080 14
K-index max = 0.0221 8 DIV (925) min = 0.0073 16
GFS MR (850) max = 0.0197 9 DIV (10m) mean = 0.0069 18  0.279
Nwp DIV (10m) min = 0.0166 10 LI min = 0.0068 20
CIN max = 0.0124 11 K-index mean = 0.0068 21

H: R “dBT(a-b)’ RALAHLER a AIHPOEK b MASNEERN R FKER,
NWP R & FH K FARRZEBAERSER, ‘min, max, mean’ X7 Bin =B 56 H N
ZRENR/ME. BRREMTFEE. SABRIRFA—RAIFTEZRE (NRTH 10 8
EEMEIS B RANRA

5.8 GeoHIS MM 7E SWIPE & 8! i BB A1 18

EAET AR, RE GFS HIEUE TR KR =515 BAES ALt AR X
AN ABL UGN, LR R AT REAELE T AT, — 7 T A e i 23 43
7 1E R RS LI e % 58 A ) T o BT R N AR AR AR R R T A
77 AR5 NWP 405 % - T XA A A i 20 0 K SRS R i A % . il
T L3 AT 9T BRI 7, #430 T 8 1E TR I EDOGEHE I (GeoHIS) BEWS %I
193 i 3 B MR KRB IR FRHEE B, K Re% 0y SWIPE AL it
FOAUER I R 55 B AW U A ERAS F0 W 5 RS sh Ji 5303
JERER , A A SR A IR 55 I v 0 2 oo O R e Lk R s e i R AR B4 P A
TORE, BV T GeoHIS 7EXHRMI Al TR SWIPE HFIIETERH . &
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5.8 Fon 2 AEH L) SWIPE #A rh 1l A 7 HOIN K] ERAS 2 /152 AN g5
G, LA TRENETEE PR 1 S IROEE R, PO S Xl
RRZEVIN R AR E RS BE L.

# 5.8 H ERAS /E ARSI AR 1 B E R SR f P A -1
Table 5.8 Predictor variables from ERAS as proxy of sounding products from

geostationary hyperspectral sounder

B RR ZE £}
Temperature 200 2 1000hPa KA,
Water Vapor Mixing Ratio R4k,
Thermodynamics Relative Humidity
Surface Temperature HEE R

TPW (Total Precipitable Water) K5 A][EKEMARE
LI (Lifted Index) XHEE
CAPE (Convection Available
Potential Energy)

CIN (Convective Inhibition)

U-wind component 200 2 1000hPa K5,
Dynamics V-wind component JRR 4%
DIV (Divergence)

PV (Potential Vorticity)

AT 7238 18 TR R 7 N BL ERAS A 948 ) GeoHIS WLAZ & (1)1 36
5 5 F A1) SWIPE BB &5 AR LE, P4l T GeoHIS TEX i T 5L A v
IR . S5Ok, i 37— Z0UE B ABT WL 5 ke, 204 7k
H GFS FIHUE TR A% T SWIPE A TN AR (52 . 3 GeoHIS 47
(1) SWIPE A5 AL Tl 280 R (1) 250dE 5 NWP KU 53 7E SWIPE 44 r (KA DTk
FHECEL, REWS S0 E AR GeoHIS MWLM ) IR B2 A5 SR AE XA R IR J I 731
i ERIAEXS oIk . R 5.9 BBl S AR R E S, e “2C” M “3C”
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AR T R = R, A AERZIRI I Bk KA HAUA ABIL
“AN” RRFEZRIE TR A TR RN ABHNWP, “ANS” R ZR50 TR K T4
%9 ABI+NWP+GeoHIS. FT A 4 B NZMSEARM I IR 54 5.4 FHd sy
AR 20 H TR ZRA I ZRpeE AR BL A FH TR 2 8 P A P A Sz A A
18 AU T AH S [ B4 4

5.9 EIHSFEIER G TEMNEXRIE R WE AR R E

Table 5.9 Experiments settings to evaluate the satellite measurements on storm warning via

a ML framework

R4 HRFR XFEEHFA  GEO-Imager NWP GEO-sounder

(ABI) (GFS) (ERAS as
proxy)

3CA Triple Balanced N x x
3CAN Triple Balanced v V x
3CANS Triple Balanced N V V
2CA Double Balanced ~ x x
2CAN Double Balanced N \ x
2CANS Double Balanced v ol ol

5.9 GeoHIS MM 7E SWIPE X3 & ch g8 £ STk

R 510 PRI &R0 BB ALLE R R 10 2 AR O 5 ST A6
S5, WTEG T S R BLE SRR AS T ) b 26 (POD) B3 (FARD Al
REERR IR EL (CSD . RS E 2, T 7ER Al ABL LI R G A2 i N GFS
HUATHR R AT RE R, R0 TAN A 7 AR AL SR FEAR Y] POD 7 K i
FARE, AHEM 3CA 1 0.56 $25EE] 3CAN 19 0.63, LALLM 2CA 1) 0.84 #2i=%
2CAN 5 0.90, #t—SERAI AN GeoHIS MMIE S, WAHE/E X HIAE 3] —
JE I POD #&7F, 4% M 3CAN [ 0.63 #2=%] 3CANS 11 0.67, LA 2CAN 1)
0.90 $2 =% 2CANS 1] 0.91. H1T- GFS HIEUE Tk C A4 160 K8 S Ak
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T AR B AR TG S, T GeoHIS Fr s ok 1) iUk e S 45 AN G iy o AR S
o TEUCH ABI WLINEE AR p DN BME TURE S, AL KA R B
FEMTEIE A, TAEH GeoHIS AU BERHK ERAS Hd i) esudt BOR WIAE —
SERRFE FARIIL T SERR ARG B Tk S PR R A B I St 5 & AR - X
SEREL AR I 45 SR SR TIIEN] T GeoHIS WLMI7EHE R SWIPE 7 [ 58 7 14
AE ST IT TRV AE N . ERFIEEENM T, AR =20 HESE Y 3CANS 7Y
H1, ABL. GFS #ll GeoHIS A2 % H If) H VP40 &M 40708 0.406. 0.213
0.381, TM7E 4095/ 2CANS B, = [P{E 5 72 0.583. 0.183 1 0.234.
GeoHIS MAPFArEIE GFS #E7r 1ok B 1k P2 1@ b il KRG B reisi
HERH LE 23 HE AR BOHL1 GFS TR A B RS EE B, B o T30
RGE R I TR e

510 ANFARRARAERSFRAAR PRI SERU LS BRAFRE ABL. GFS
GeoHIS ZZ & f B Z M PP B
Table 5.10 Validation metrics of different experiments on severe classes and the

accumulated importance scores from ABI, GFS and GeoHIS variables of the respective

models.
R4 POD FAR CSI HEML M
(ABI/ GFS/ GeoHIS)
3CA 0.56 0.65 0.27 1/0/0
3CAN 0.63 0.66 0.28 0.610/0.390/0
3CANS 0.67 0.66 0.29 0.406 / 0.213/0.381
2CA 0.86 0.85 0.14 1/0/0
2CAN 0.90 0.84 0.15 0.721/0.279/0
2CANS 0.91 0.84 0.16 0.583/0.183/0.234

N T30 GeoHIS MMM s At TR AL o S ROR - X T AN
B AE AN R AR /N B s X I 5 H AR S0 A A HERf L BEAT T EE . & 5.7 Foss,
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BREG H  FTE AS R X THIARE 5000 km? Kz DA_E 158 X6 3k 25 HL A5 e g P T4 4
JE, TS T A A RN R 2= E RS AR 2R I K s, X 5.5 5 AT 2
IS5 VA — 2. J8Id L 3CANS A1 3CAN 7EA [R5 (45 AT LLE 3, 7k
RN GeoHIS MU IAE BEBE XS A [\ K /NI AL 2= H AR B TG A R A 42 T
ER . BInESTF R E Rz POD M 0.85 #&F-E] T 0.87, T A4fi4E FAR, T
X & HbR A/ BAr = i) POD $ig s i A It FEAI% 1 FAR, A3 T GeoHIS
$tF SWIPE TES#XH L H A iRk e 77 B AT i M. AH b T 7E =20 FEAL b (15
i, GeoHIS 7 — 73 R vh i ik RUR AR IS4 22, A0 1000 km?® BATR /)y
HAr 2z 1) POD Tt . X AT B2 T 2 8080 24 of ABT ) 35 B2 1 o i K
SY M EEERIC, 13 GeoHIS K M SO EHSZ R . ANRIZEA K
eS8 HH ILAE T = 43 AR 25K/ HAR = Tl |, POD A 3CAN 1)
0.57 B4 F| 3CANS 1] 0.64, 5 I [F]I FAR 1\ 3CAN 7 0.70 Jik/N & 3CANS 1)
0.68. ZILG T LUEREA, “EBAIH A GeoHIS {EE, JHAH NWP fifiA
TARUE MR E BAE BREA R T 5@, AR T THARLE 5000 km? f LA B K
H¥rz, HARLE 1000 2 5000 km? F) 45 H iR T RN, 0 RS
A R TR 5% 22 Rk B R, 1T GeoHIS Ao K38 LA B HAR BEWL /N NWP
i 5 HSERAURS Z iR 22, IR 2] 7 L et OR . a8 —R_12, X
F 1000 km? LA R HI/NHAr s, EAUA ABI IR 5] N GFS B R i Bedh A xet
HEEEPR AR B AR, M EZ E5IN GeoHIS Frs K M AH X tdeist i
FEM/NT GFS Jirs K i ek o ;X AP R AT g 514 GeoHIS AR 44 1) ERAS %
Yoo HERA %, T ERAS B0 i (W R 467K P43 B8 232 0 31km, )R8 = T GFS
BUETHRIA 50 km 3 FE5, B %5 HER AU S /N H AR = 200 ok B ARFEA
R (£133km) M4, 75518 ERAS i85 GFS # kR i £H/NREZH
PR AR . SRR, WA Bk, ERAS 5 GFS #A%E TR, A
MIEZ MAEER EWES, S84 GFS Bk L& ERAS ikita . 48
TERE— AR R TN RUBE BRI 2R 8 1) R I TR B 0 R [ B R 4% e T L)
PR 7K P23 FR R 0 RN 7= iy, DASRAE BT K30 S 2 AN R i T
NHERA AL AT R AE o LARKIH MTG (Meteosat Third Generation) T2 45 B4 4 1)
IRS (InfraRed Sounder) AR MIHT— AU 1k T2 SoG IR 7K P23 s
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BT 4 km, XL SN 2 J5H 23— 254 i v /N RORE a8 X 0 A I
TR KT o

(a)

1.0/ ™= POD

0.99 0.99 0.99

0.8

o
o

Metric Score

o
'S

0.2

0.0

(b)

1.0

0.8

0.70
0.68

0.64]

0.57.

o
o

0.51.

Metric Score

o
IS

0.2
0.14 0.14

(c)
1.0
0.94
0.90 092 0.92
0.87 0.86
0.8
0.70 071
Los6 057
i
%
g
0.4 0.37
0.32
0.2 0.16
010 011
0.07 0.06 0.07 0.07
0.0 3CA 3CAN 3CANS 2CA 2CAN 2CANS

B 5.7 FRKA D AN TR RIRE S F AR KNSR R B ir AR P 4
H483) POD. FAR R CSI. (a) EHRA/NT 5000 km? KJ K BFrz; (b) HEHARZE 1000
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% 5000 km2 Z AP HIRD; (¢) TERTE 1000 km? LN KI/DERE . SRR D
52 WK 5.9.

Figure 5.7 POD, FAR, and CSI scores for the severe cases with (a) large samples with area
no less than 5000 km?, (b) medium samples with area between 1000 and 5000 km?, and (c)
small samples with area less than 1000 km?, calculated from results on validation dataset

from trained RF models for each experiment. Refer to Table 5.9 for the details of each

experiment.

510 AE/NEE
AHF LR FH ABLTESE [E| CONUS [X 38 (1 i S JOW I 5 & GFS HUE Tl ™ i,

£ LiuZ % (2019)H & 1) SWIPE V1 fRA R ZE Al 2 b, @i ot B bRl B2 A0 VLR
B4 4 CMORPH B/ o S dfs, F R BELAR MRS i 3 1 etk pi i 56 T~ T2
R0 TR s (D0 A A A I T AR B SWIPE V2. ASHF 78 %) SWIPE A5
T 40 2 AR B AE LR AN T I (1) 383 51 OGRS 2 B AR = A Sh B AR 1
A, PR Ak ) B bR A B EURJE E AR = AL, 5 SERR AL A6 2= R 4T IT
MC, AERLRUNT T H b 2 I8 R AU R B 7K UG BE N A5 B SR 0, AT/ 2
GERIRZE: (2) FEFA H AR = BRI E 7 0, 8 )5 18 5 — Bk o Hir it
URIIUCED, etk Ay DTG J5 251 7 8 = A B K 43 AT I K 4 7K B P ) e R A, {8

B (R AL 58 P A 25 B R AR 1% R G AE AR oy S 1 S B K
FIF et i (3B B S VGRS, X 2018 4E 3 3] 10 H CONUS [X I (1 %]
AREARTEAT T ARBIRITRIN, FEAEAR R I ZRE 5 o8 17 HSERFZE R R = B
PRIGTIARACR , FEHIFH ERAS P20 ST 850408 IR IR BR 26 7 i, Wi 1E TR ol 1 AR
IS FE XA ] A 0 TR R B B2 (R S e AT T REAOLIE 7, i T HAEARS [F I
ZRHEZE, o T AN TR /NI B s R TR 52 R s ) o BFF 7243 2101 3= B 5 1R i
(1) SWIPE #8455 B ZI HARLE 5000 km? K PA b6 A ARR LG /)y
[ITRA0 S i & N SR B O o S [ TR 2 U N o B I By R
(2CBAXS T HLZEFEA ) POD 4y &5 8 i f vy, 111 =70 AR AP A (3CBAD
WIFE BAT G 8 POD [R] N RAEA X BAR A FAR o % - HIARLE 5000 km?® PA P FX
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TUREA, 3 BRL ) HEff P AR LU R TARRE AR #0035 T, o 3 R P A 2R AR X
BOASEH, REH FAR 805, (HERWS (REFHE S 1) POD, T HA AR AL 1) POD #5H
T REF MBS, HAEINGT REREAR P FEA (2CUB A 3CUB) X
TTARTE 1000 km? 4 H AR (1) POD BRAK, AR & TGRS BRI 7E S B
Hr, FREH 2CBA M1 3CBA [RINIEAT, A F 2 R g0 it i) 70 45 SR AT 45 & Tl
e, 45 AN RS R R TUE S 5 .

(2) Hudk 5 SWIPE BEBUER X 2019 4 8 F PN SEBRAT AT T BR
THER BRI IG T . xF T 8 A 1 HAI 8 F 7 HEIRANXHRAM, KA BE s 7 %
TR AE BTSN HAR = MR, IF20 AE Bk B B IRIA 3 7.6 mmvh (19BN
IR AT — AN /N DA_E S E S 7 T, b S Bt KB /K 58 B R AR B 23R T T R
FA/INET

(3) JE ISR % TR R 7 (0 B M VR (IS) AT /0T KB, SR ABI
R (¥4 58 1 IS AT T GFS BB A & . Hh E s 7 iR s i — A &
N ABI MINA 6.2 pm SEIEFEIRAT 10.3 pum BB RIR 2 ZE7E H bRz 0 W Bk
B FERUE IR, 5 RS Ra e FERUKIR & B SR TR R 1 HE 48 A6 52 R -
S EEAS FRE R R I, 6 B R A B POD ) 2CBA HEAUAH EL 3CBA £ (1)
ABI A5 5t FEE T Ry, T A T AR B E A B S 1 3CBA REALY) FAR RN 4
K.

(4 FIH ERAS B KAFEAT EXTT GeoHIS MLIMAEFL I Tk b ()78 78 25 H
BEATVEAL, RO O ILE POD 42T 1 % FAR MIBEAK, JFHAE%K
(B TR D5 - B A B8 ey 5 B 1) = 43 R o ) F R 45 SR A o B S P 5« TR A
TEIEMEVE I EER I, GeoHIS RN HE £ A I A5 28 v 1) 3 B4 V7 /)
T IAE A TR R, ERE AR IR AL AT R GFS TR A X
TRHT R TIAEAE S, FF CSOEE R 0 A

(5) JEITRBUBRERIE R I, ELCRA ABT LA A T K7 (AR AL A i N
GFS HE ik, LARAEMIEA FAINFH ERAS 1E AR HEHE T GeoHIS {5 &,
HRBE U R AL (R HE R PR A RS TE, PIE I ek R BEAE T AR KT 5000 km? FY R
TAEAAIIAALE 1000 2= 5000 km? 1) &5 0 AR AR AR BUASILAA] 24 o % 1000
km? DL XS AE A, 7E SWIPE BB I GeoHIS {5 B A X B U A
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GFS HUE MR AF B K B SO BRI RE B2 . SXARKARE F 2 i AR R s
(K] ERAS BRER 17K 73 HER SRR A I REEAR 24, DR 3 /s ROBER 3 85
AR AT IR o AKRRPRF NS A, H 2 B s T 20 4 1 i LR BUE e Ul
DBLE KA B 20T b/ RUBES IiE 8 G R AL I TRty R BE R 5Tt
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EeE REERE

6.1 EXELH

BT IR R PR ERA Eaig RN 5B #8TH ES R E B
(R 70 HE BRSO AR T I RO F 7 P B S B FL b i 3 B g it
e LT AR N ORI R AR, SRR BLAS M 5 A€ FEIRES , (E Ak
K, ToVENT [ — DX ) R A S AT RS 5 T 5 e v P ] 73 2 1
EELUI, BERSAHAE R O CIRS PR AGE B, H2 BT e R
B2 0 R B . PRI, R RN T B AR F o LA G R,
BTSN = 4E RSB AR 1E B I, 1T B R A TR AN
M R PR LI T S I B R R R . 8T R U5 A 21 GIRS 2 FHbx
EEAMERTEIEPIE R R TR LINECHE RN A mGE RS
I R R AR 3, ReE AR A m I 2 A FR AR M = 4R OIS B AR %
I AL G AR TR i i R i, S b TR USRS, R T RERS
RLE T A BRGSO EE TR A bR B AN L TR e 2D MR
GIIRS FSEBRMLINEAR N 7RSI R5) 1) 5 PR 2 i & S 5k, B Ja )
I ERAS [ KASERAE AR B e 7 # - 30 s il KSR IE xR ) AR
S I AR A VB LE RSO - TR A AN SRR A T R

(—) R T E BN S 8 1E TR s Wl B A RIE R A .

A FE K3 E CONUS XIRTE 2018 4F 4~6 H BIMH S 61 i ™ i
NUCAPS, 5 i#iE sifg 4 ABI DL R SERT 20418 RTMA, iiid —
ML RGBSR AT R RS, L ERAS IR ERZRAE N BT 2, 153
T /MRS TE NG S FIFE 3 2 B S AT T B0 NUCAPS G2 KA 1 150 2R HE A 5
R RSB A AR AR, R A S A B0 M 4 5 o 4 FLR A L DI A R g R gk AT
TR VRS, 45 R EIR:

(1) FEF40 28 0 255 (10 B3 b A A R A I S R 0 S A 6 1F R REE &2
# F#K 700 hPa S LA T 2 OGRS BEAR X TR N BB ) ERAS Z [A] i) Bias #1 STDE,
B TAR)E R R IR B A SR FE . R ERS 2 2645, 700 hPa BLRIKJE K
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SURIEIP IR E T Z WM T 68.1 %, MXHRE T ZW/NT 65.9 %o MIEH
AWM, BT ERBNT 581 %, MHXHREFT7 2/ T
65.5 %o

(20 B AN A B Y A U R0 R B, ABT AT RTMA 25306 I s A 2 1)
IR A TR, ER AT, ABLISI RN T 700 hPa J DL FIRJE KR
S8 ZE I 7.2 Yo FIAH GR35 7 22100 10.2 %, TTEH = &4 T =& ME )
N 7.1 %A 8.6 %. RTMA 7 4% X 4880 I J2 M L AR B )P 2 7 Z2 08/ 1 5.5 %
M 3.9 %, MAEEDA =T 2 BHMET 08 10.9 %M 8.4 %o AHEL TG IX
i, ML L, ABI 65O BN HRUZ XS, M RTMA (U -5t 2%
AR o RN E ABL IS SO SR T U IR, R ITE A FLE
B 7 A ABL JEIEH, COo i o X 3 5Tk TR B A2 KIS B
S, T KPR U S BRI 800 hPa LA B RV S i3

(3) 1#id 2017 12018 A 4~6 H 5 NUCAPS RN 2% VT T )48 2 Wi
HOHE TR TEAR 2 KA B0 28 S I8 SGE BB D HEAT T PPN o 1IESE T DL ERAS 1E A K
(B I 0 03t R S 2R AL DRI 50t 8 0 A R S T T S 1 o LA F PPA 25 2R
523 NUCAPS 5487 WLk ik 8] 5] B (152w, ARG 2 RS s ) 30t e
FE S/ (Y B 18] (8] B e R4S B A W 2

(5) 18 I W Hm mb & SR N FH 21 S bR PR S R T b, R IR i
BRI 25 AR L T J5UA ) NUCAPS RAUBRE ™ i, BENS I I B 4 L R AEAIR =R
SRR, 4530 9 HERAY SBCAPE Al LI S5 4640(5 B, AT 58 47 b S IR
JERAMATRE A, KA B T 1T s i R SRS T e e a4

(2 ETHLEPERGEFRNK KRR RERIE.

K= A BN GIRS 1A EPR & —ANEE EHU0E s e il S,
WA e G T R DUASCAE RS B8 i L 4% i v e B0 1, R 1k LR X [
— XIEL I I, HAHAT 689 MK LLAMEIE M 961 AR LLAMEIE, fE
g Fl T SOEOR R AR E EEH L . AR HMA GIRS £ 2018 F 7 H &R,
“HLRNE” B FESAE ) 15 2B o H A SO X IO B, I8 I A B e A {E
G A SO RS BREAE, B T T RSN R E VR B R B A AR
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(I IAN P ipl 2T AN, I 43 e FH e R o el 3 (e S iR, DA 23T Bk
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AGRI
AHI
AIRS
AMS
AMSU
AMV
ANN
ARM
ASPEN
ATMS
ATOVS
BCCSO
BP

BT
CAPE
Cl
CIMSS
CIN
CMORPH

CNN

B =

AER% 1A

LA

Advanced Baseline Imager

Advanced Geostationary Radiation Imager
Advanced Himawari Imager

Atmospheric Infrared Sounder

American Meteorological Society

Advanced Microwave Sounding Units

Atmospheric Motion Vector

Artificial Neural Network

Atmospheric Radiation Measurement

Atmospheric Sounding Processing Environment
Advanced Technology Microwave Sounder
Advanced TIROS Operational Vertical Sounder
The Beltsville Center for Climate System Observation
Back Propagation

Brightness Temperature

Convective Available Potential Energy

Convective Initiation

Cooperative Institute for Meteorological Satellite Studies
Convective Inhibition

The Climate Prediction Center morphing technique

Convolutional Neural Network
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CONUS

CrIS

CRL

CSI

DNN

EBS

ECMWF

ELU

EOS

ERAS

EUMETSAT

FAR

FOV

FOR

GDAS

GeoHIS

GeoXO

GFDL

GFS

GHIS

GIFTS

GIIRS

GOES

GRAPES

GRUAN

GSI

HIRAS
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Continental United States

Cross-track Infrared Sounder

Clear sky and very light cloud coverage

Critical Success Index

Deep Neural Network

Effective Bulk Shear

European Centre for Medium-Range Weather Forecasts
Exponential Linear Unit

Earth Observing System

ECMWF Reanalysis version 5

European Organisation for the Exploitation of Meteorological
Satellites
False Alarm Rate

Field-of-View

Field-of-Regard

Global Data Assimilation System

Geostationary Hyperspectral Infrared Sounder
Geostationary and Extended Observations
Geophysical Fluid Dynamics Laboratory

Global Forecast System

GOES High Resolution Interferometer Sounder
Geostationary Imaging Fourier Transform Spectrometer
Geostationary Interferometric Infrared Sounder
Geostationary Operational Environmental Satellite
Global/Regional Assimilation and Prediction System
Global Reference Upper Air Network

Gridpoint Statistical Interpolation

Hyperspectral Infrared Atmospheric Sounder
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HIRS High Resolution Infrared Radiation Sounder

HTK High and Thick cloud coverage

HWRF Hurricane Weather Research and Forecast

TIASI Infrared Atmospheric Sounder Interferometer
IRAS Infrared Atmospheric Sounder

JPSS Joint Polar Satellite System

LI Lifted Index

LNT Low and Non-Thick cloud coverage

LSS Local Severe Storm

LW Long-wave

MERSI Medium Resolution Spectral Imager

ML Machine Learning

MODIS Moderate Resolution Imaging Spectroradiometer
MTG Meteosat Third Generation

Mw Mid-wave

MWHS Microwave Humidity Sounder

MWRI Microwave Radiation Imager

MWTS Microwave Temperature Sounder

NASA National Aeronautics and Space Administration
NESDIS National Environmental Satellite Data and Information Service
NN Neural Network

NOAA National Oceanic and Atmospheric Administration
NPP National Polar-orbiting Partnership

NPROVS NOAA Products Validation System

NSMC National Satellite Meteorological Center

NUCAPS NOAA Unique Combined Atmospheric Processing System
NwP Numerical Weather Prediction
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OSSE Observing System Simulation Experiment

POD Probability of Detection

PV Potential Vorticity

RAOB Radiosonde Observation

ReLU Rectified Linear Units

RMSE Root Mean Squared Error

RTMA Real-Time Mesoscale Analysis

SATCAST Satellite Convection Analysis and Tracking

SGP Southern Great Plains

SIPS Atmosphere Science Investigator-led Processing System

SIRS Satellite Infrared Spectrophotometer

SPC Storm Prediction Center

SSEC Space Science and Engineering Center

STAR NOAA Center for Satellite Application and Research

STDE Standard Deviation of Error

SWIPE Storm Warning in Pre-convection Environment

TPW Total Precipitable Water

UWCI University of Wisconsin Convective Initiation

VAS Visible and Infrared Spin Scan Radiometer Atmospheric
Sounder

WMO World Meteorological Organization
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