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Overview of Hydrometeorological Information:Obeservation,

Data Fusion and Reanalysis

ZHOU Zijiang CAO Lijuan LIAO Jie GU Junxia ZHANG Tao PAN Yang

National Meteorological Information Centre, Beijing 100081

Abstract: High-quality hydrometeorological observation data are the base for the monitoring, forecasting,
prediction of hydrometeorological hazards, and also the basic support for long-term climate trend analysis.
Focusing on the fundamental elements such as precipitation of water cycle, this paper summarizes the great
progress in developing hydrometeorological observation datasets, two and three dimensional fusion analysis
products, and multi-dimensional reanalysis products as well as their application in hydrological and climate
monitoring and forecasting. The analysis shows that meteorological and hydrological data are two most im-
portant embodiments of water cycle in the earth system. Their effective integration and collaborative quality
control can effectively promote their application in various components of the earth system model. Pro-
duced through intensive data processing such as data fusion analysis and assimilation analysis of multi-
source earth observation data, the gridded analysis products with multi spatiotemporal scale, high preci-
sion, high timeliness and continuous space-time are used to be the initial points of intelligent grid forecas-
ting and climate prediction, having become an integral part of seamless fine gridded forecasting operation.
The global long-series atmospheric and land surface reanalysis products produced by assimilation of historical
observational data play important roles in the assessment and monitoring of long-term evolution of climate

change, and their application values are far beyond the observation data itself.
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DU Tk 3 2 T 0 O 0 v o 2 98 3 ol 3t R R AR LA
FH b — Tl i 15 BRHL e B B A AL (2B 55 2020)
WX G [ O 8] A5 22 4k % 1] %% 52 25 (Intergovern-
mental Panel on Climate Change, IPCC) 5§ 75 IR #F
il CARG) 4 0 A2 A 1 72 fin il K 3 17 2R
(IPCC, 2021) + 4 o BT 5 119 i /K At oK, sl DX
B ) 5 A S A TR B MR R K S A Y TR
245 B2 31X 3 K AT BB IGO0 o 1 E S BT 1 R S b X
DT BB D 5 21 & W T b DX R0 T - TR R 2R b
Th 25 T SR b X AR B Ry A0 0 ™ B 9 T
K I T B RS2 B AR s E— 0 AR B N R 2
VR T R L DA S R MR 14 2k k)T Aok
1) Ak 2 2 AR VK 8 K .

M T AR A AR R AR R AU R T
HAE % mifs b Bk R 8 4% Pl U2 A0 RH B AR D o L R
AMWFFE R R K E I 2284 R A LA B
JSC s AL 0 B3 R 7 8 i o 7 IR R R T RS
JERIBE I K- T A TR AL (World Me-
teorological Organization, WMO) 1F 7 #i 3 #s Bk £
GEHEZR T KA U KRR 5 R 7 ) T4 B <
2l %% ¥ B (Brunet et al, 2015; Rauser et al,
2017), HORp 2022 4R R H A 38 O L
WORAT S AR K SCRRAE B B Ty B KR
(Early Warning and Early Action. Hydrometeoro-
logical and Climate Information for Disaster Risk
Reduction) , % F M4 T K SCRLAE BXR
A 78 A I X6 B 835 U R 1% i R A M R A

IK SR GAE B2 R AR 8 KB 11 2 2
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8 2 1 R FOK SCRUE AR B - sl i il & 0 i TR £k
3BT N BE 23 B A5 i CE AL FAS B Y, Ok B R R
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TR TR RGORES A5 BRI DL E A AL
R BUE 45 PR AR 15 B R0 N 23 s P 1 B0dke 7 i 4R
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MHLER 2 G2 POUK SCARAE BB i B T Bl
JEML . S = A ARk B B R YR 22 TR
05308 B R 23 B T A 20 B B R B PR L 3t
HE R RE R LN A FEWL I A K SCR R B 1S B FE 4
TSR AR B A HERN 255 W 1T A RO T8 RE Pl
B S R 55 0 2 Al M A A Ol g5 FTRRIT AR
AR SCUA B AR S5 K 3 406 P e A B K O o R LR KR
% {= B, > (National Meteorological Information
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il 45 7 T A A [ WL R A /K SO B A 4
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U PN S YN A = O 5 v B S i I 9
WMO £ERZE 4 W & 58 (WMO Integrated Global
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FRAMM R T A 2RI R 5%, s T RA
JS 53 WL 7K ST K 5 B s I 45 ELAE AR fUR
J A28 R GE VKON VR A B E5 F0IE STUOUL I G 2
A5 7 R KB KR B 1 22 5 K SC U3
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B R SO T A O A A B AR L R ) ) B
7 RE R IE WL I R B SR BT R . SE R AR AR R
A0 (National Centers for Environmental Informa-
tion, NCED L AE 20 20 R C L T & H 3R
TR I 4 AR R, S T O e T 19 S B A
o BRSEIE IR TE R POk i ik 55 1A & b
B T R R S B VAL SR, O 2k T 0
it 22 3 B F ) A 15 R J80 T L 650 s st v) i 4 BB 4% B
FIUM A ARG 3 PRAIE T 4 28 BEORHE B L4 P iy
) A AR o FR R SR AR 1A W I ek ik 47
JrEAS T KRR L T B AR E R =
Jo g A M 55 1A AR 3 DA KOWLI s A5 3t R P i A
PR A R R Dl S AR . T AR Ok NMIC i i
A BROR A B A0 52 B0l 55 i 8 i — 2P 51 3R TH AL
2 [\ [ Rohn = R A5 I Bm BOHE ML AL S ik i) B as Ak
FRAA A 7 A ) R i SRR B BT 4 A
R E D A& 1% ge 0T BT & L 25 G i 4
) ECHRE Ml 22 3T TR R Y — AR A, 20 0 i A L o
PEAG A 22 3 A 5 AT BN & (R A5 DR BRI 3
A | ) A 20 i e S a7 S R I BT . AT
R K ST I 55 5 5K 22 55 58 % ML) (Ao 21
ZEAF S 2021) , JFHR P4 A 0 G TE A 1) B R UL | S
DX L 5 B 3R SR A T T A ) PR (B A 1) S %
Pl JZ P IR] L A R Gt 8 55 N 8 BB R i 20 &
KR .

1.2 AKXEEMMEEE

B 280 25 TR S o R Al 22 1T X A UL 00 8 4k
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GEORRL A A RO 2. K SO G B B A A AR
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FREL Sk = AT At I
ok | R | iTE L5 FRIE
e 45y et
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Ttk 76 L FU7

BT 3 A R A SR 1 B Rk B 4 1l A 3R
Fig. 1 Quality control frame for different

operational application
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(The Integrated Surface Database, ISD) ( Smith
et al,2011) i i 5 45 Ml 1A R ol K S0 RO
E I SRR AVLE A S URI B €/ L8 TP N
I SR A Ay B S At T B AR RO YR L R O
DUESCHE NP4 B 7 A B ) S S IR o R
K 53418 F0 A0HA BIF 5T f E B 0 Sk it B as (TPCC,
2021) . [a] it 2 M T 7K 57 3 50 P 51 s e K S A
PRI 5 A5 B (Ascott et al,2020) ,

Ebr B C kA T 25 4 8k FEoKEE 4% (.
Schamm et al,2014; NCEI, 2017 ; Blenkinsop et al,
2018), Hirpr, £ ERFE K S 5 H 0> (Global Precipita-
tion Climatology Centre, GPCO) B & )4k H &K
77 0 (Schamm et al,2014) fl NCEI 2017 4 % 4 i
4Bk B B K 77 5 (global surface summary of the
day . GSOD) J& 92 fif FiI ) 4 BR i S IF F R 7K 7™ i o
BT sl UL B T 2 U TR SV A A K
PG I B ) & 1T 45 (Tropical Rainfall Measuring
Mission, TRMM) T! & 7 it (Huffman et al,2007) .
CMORPH (CPC morphing technique) T /& 5 i f&
K 7= (Joyce et al,2000) 55, H FE S WHE) (A58
HELEVELE & N KRR 91 I K A B a5 Y AR
Fo ARk NMIC i 5 5 42 3R f5 R 48 (Global
Telesystems,GTS) ,GSOD,ISD %% £ 4~ 3 & i1 F 7K
Bedli I IR FE R PTG S T —
£ SEAE ) Bk H BEK P (Yang et al,2020)
(I 2) 5 3t 5 il ) A b 22 T R TR e 22 0L 00 8 90
R A 7 A K B A R T R UL DN s P 8090 4R N 42 BR
HAE R #& 7= 5 (Chen et al, 2021) ;% FRLAE B H £
K E M, 52 Bl FY-3B/3C/3D. NOAA-18/19/20.,
METOP-A/B/C.S-NPP,GPM % + 4% i # B T 2 1
e R R K 55 XUz Lk TR 2T A ESOHE 1 4 A O B
AR IR I8/ 5 ke 43 9 44 14 TLR AR LR K
i (East Asian multi-satellite integrated precipitation,
EMSIP) , ;= iR 2Z /N T 1.5 mm « h ' (I 8%
S5, 2015), XUEHEEHEWN R4 /DT HEBER
T K /K B B W 7 T ) 22 B, Bl 0 R SRl 55 B F
S B 7O B Y 2 A

BR T B3 K Z A1 o AH X I JBE A o S e 4 35Kk T 3 A8
iR RERZ — KRR B — &
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(8] [ Yang et al,2020;1SD: NCEI % 7ii it 4 £k Hii I
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R 7K B 4 45 s Merged : 1SD il NMIC [ 45 4)
Fig. 2 Data volumes of global daily precipitation totals
in 2016 from different data sources
(from Yang et al, 2020; ISD: integrated surface database
released by NCEI; NMIC: integration of GTS and

CMA data; Merged: integration of ISD and NMIC data)
KA TR AR R E S AR Z —
CB R 55, 2018 s AR TN A8 45, 2021) , 02 A Bk A X 35
KA T4 A B o< 8 32 L 2% & (Jiang et al,
2021) o HE Tl fOUL IR B R L E A E KA TR
J7 51) 34— Al K030 2 0 1m0 2 230 1) R NS 20 2 o A% R 4
AR T [ I 3R v R A ) 4 BR M 3R 0 B s A
HadCRUH (Willett et al,2008) #1 HadISDH (Wil-
lett et al,2014) , [{ Z¢ A4 A5 B 0 & A 5 b = AH
X B 1) — A A AR ORI B8 55, 2015) 2 M 4% 1k %%
P GBI 0. 2017) 45, 26 [ & A iy b 32
Hi DX B PE R R A% B P 42 Daymet (Thornton et al,
2020 WAL E T 1 km PO 97K IR E H A£G . XF
Tt 2 A BE LI 3= ok |3 R A W L TRATLUE I |
FABRE A A & 4 (Global Navigation Satellite
System, GNSS) 7K J3 W0 & T2 Wi, NCEI k& fi
M 25 4 42 BR 0 £ L 4R 25 Bl 4E (integrated global
radiosonde archive, IGRA) (Durre et al,2018) #2{it
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K. Liao et al(2021) %& 7 [ 42 BR CATLULIN 56 it 2504
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AR N SR AR BB e, VR s B T i
A AE B R R ZE R AKIR SR P 1 . 3 e 0
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RAAT R 7K 2 B AR 7R R K S b A5 20 T
(Seco et al,2012; Yao et al,2017) ., =4&/KIELER
SRR L A A T E PR A B AR
) ISCCP 7= i M BR WL R 48 EOS R4 LA ="
iz I8 A CloudSat 7 7= i 55 i RE A R AE J
ARz B LA F A ROEE E 284, 2 h R sk o
KGR o0 A S B BCHE IR . LAk S B A T DL 4R
PERARNE BE K VR B B R 2 VA 7K R 2 CHIS IR
2019 fL AL AE . 2021) , S R ST H IR B = i 3 UL U
A DA e A N 0 R B 4 S U RS R T 2 4R
2018),

B A 7K 43 A6 B By L S vy H SR &
WMO 4Bk #2 7 5038 7 .0 (Global Runoff Data Cen-
tre, GRDC) #2 4t 7 4> BRYE Hl R b 1 7 /4> WL ol A5
I A . AR 2020 AF K SCGE AR R Chtep: //
cn/sj/tjgb/swxytjinb/202109/
t20210915_1544005. htmD) o F [ 7K 37K 9% P W ) 4t
A E ZEEAIK S 3000 A, L K SCEE 4000 £
A 5 LA . MR ZE R AU sk R
IKSCAE PR E A R A7 R R MR B S
FRARZ—. B 20 22 50 QTR E LEH G0
FE 72 W LAk I B T K P 91 28 & HAE F1 A
BAEAE . H kA [ i S0 A DX T PR AN TR Y
ZRRANAF CRIUZE R /NI 2R R o 3 BOHE ¥ — 1k
WONEME, Xiong et al(2012) F i B /> — 7 12wt
ITER RN F A T i E H R 25 R FE 4 s Xue et
al(2016) F| i 1) Delta Geit i RBE Jr ik dE g T
B H BB LI LLIT R T 42 A B4 5 0F
5 .

i LR BT 2 B R K SCEE  —
AT+ 380 38 22 Y5 RCH B 8] 7 3 19 25 T) A OG 1 4 A 55 58
25 R A A5 ) % 2R O K e s A e ) R S AN
M, R B HE £ i & (Bliefernich et al,
2021) . J3—J7 0.8 K AR L K A I
HEZK &5 Z U505 B 25 45 N AT A8 23040 B A i o o4
IK AT VAR BE 87 K F 1Y KA SR T AR SR AT
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il 557K Jk il 35 e 5 B ) 48 (Smith et al, 2002;
Chang et al,2010),
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LAFAEA L XE UM B SE I 25 BT ot o [ R R AR
B 1R AR I 25 B 2 B 0 R W RN ST B R Y Y
W] 7 ok BE A2 B — e I 2. PR R A R OR U5
LK 4 1 0 3 s i e 22 TR Rl 0 AT 7 ot K R
VK SCRR B A T B

ATS AR 7K B35 S 491 A [vi) A 05 i K B30 1 £ 34
ARAEFHEGE D, IER . 2 a4 FE KN 2
A . EBR R 2R K SR (Global Pre-
cipitation Climatology Project Combined Precipita-
tion, GPCP) (Huffman et al,1997) ,CPC gt & [ /K
538 72 i (CPC merged analysis of precipitation,
CMAP) (Xie and Arkin, 1997) Z[E K 7 i 4545 1
1E TR ZT MR I 25 32 25 73 P 38 s AR B T 9 5
T I K ORS 32 A5 vy 18 D16 34 I ) T 3 T 08 00 %o T2 B
EINFEK HEATITIE Bl G2 A 7 91 2. 5° 0 BE 31
A [ K B T8 7K OGRS A 28 AR B 5 TR
TN . 20 thad 90 4R L Bl A TR BRI
JTZ W R T A 58 % FE DT IE (probability density

function, PDF) 45 & & 0E B IE S 2217 IE AR - e
.48 fH Coptimum interpolation, OI) | F /R & J& )
(Kalman filter, KF) &5 filt 5 £ A 76 [ 7K @il 4 0 38
AT AR R TR AR Rl R K ) A
rHER D ERE . WWEER TMPA(TRMM multi-
satellite precipitation analysis) ( Huffman et al,
2007), CMORPH., H & GSMaP (global satellite
mapping of precipitation) (Ushio et al, 2009 ) & y=
AT HERGR B T /N 0. 1743 HE R, R e R K
15 03 PR AR R K I S TR R AR IR ERIAE
BB #E— 242 Th T IR K kS 40 2] i 58 T
ES StagelV % 4t (Kitzmiller et al, 2013) Fl
MRMS(Multi-Radar Multi-Sensor) £& 4t ( Zhang et
al 2016 B X 7 3K Al 0 I8 7K 19 A 22 DA TR 2 3 o 2
HER T 3T KF.OIL, 2 lFE B AL HE (inverse distance
weighted, IDW) 8§ J7 2 1 F- 14 37 R 58 1% 25 1T 15 A1)
B 2% 17 1F 4% AR (Seo and Breidenbach, 2002), H
H, MRMS 2487 i (19 25 6] 43 BE ARG 1 km, BEH AR
UGE 2 min, 7 58 R 7K 93 I AW I A I 0T B4 5
R T HEEM.

® 1 BHEREMEKEFENLGRS

Table 1 Advantages and disadvantages of precipitation data from various sources

B ok I R s
b 1 UL M ek 7K R R ) A WL A b R K R TE DX T R 2% DX 3l Ak 0 00 25 Bl
TR I K i A RREL G B S ML K 25 (8] 4544 R AIE JFURT BEASJE o %o 3] 285 e 7K e AR A SR RE
I R K I 25 73 JER 5 By 32 W R L B S LA R
B T K™ 23 [ 42 3 i X R G a8 B KA — e B AE X JRy L X O A K AR L RE T AR X B 2

I [ 2 95 80 S r B 5T R AP R X i — 2t
2007 4 NMIC JFJg 1 2 IR K Rl& R &
ZH 25 km FLRFEAK 5. Z . 7E I Ak ki E Ak
& F2 AR [ PDF, OI. D1 i 87 £ % S 34 (Bayesian
model averaging, BMA) & [JLili I, Bl 22 0F 1 ) &
/NEF 10 km 43 FE 8 M T+ TR R Al R OK T
i /N5 km A1 1 km S ERCHb I+ TR+
K7 =R RS K e G I 45, 2018) , IR A AR
AR S Bl WL B AT 7 ST R AR S . e
Z AN 55 BRI T R 5t 5 Ak, 2021 48 9 s X
BOZ /N T km g3 B AR FEOK i S B 55 a8 4T .
SHR 3 7 M D 0 R A IR A TR 55 B B T R B
W27 53 81 5. 2020 4F 2 400 A 590 H 5l b ok S7
0 Ak 25 A s (% 2) T b if L 7R A A TR =R
Tl 1 B3 7 i 1 1 7 AR R 25 T 38 0 22 4 il
0.526 mm « h™' Ff1—0. 007 mm « h™", . T B 5 b T
e 0.576 mm e h ' Fl—0.015 mm « h™ ', LA

AT Y 0,815 mm « h ' f1—0.016 mm « h™',
H Al NMIC (19 2 W fh & 3 87 i 2l K= R 40
JR BN A SRR ARG ER
o 5 KGR B D) AH G A =4 = CREAE,2021)
R KA ZE R £ EIR ¥ (Han et al,2019) (f1
TR, Pl RSO HE R B AN R
B AR AT 1 Z R AN R B A T IEROR il
IR e A € e AR ES I 7 W N e
At 2377 i s L T R 0 9 8 e o i T K 2l 540 R AR
E AR A& op B X% /N 7 .
ShIBHER T A BR 25 km & H K 4R P (5K
WAEL,2021) B4 T i 5 96 B OSTIA, 36 [F OISST
PR BT . RIS A L BB TR X
- JRy L — AR AR AR T VR 2 TR L 43 B S T
PR R B 3D LI 7 Gk 140 R 2 ER A
HEARIRH] 10 ke [F X A 1 km 5y AT 3R A
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Table 2 Independent verification results of different precipitation products
B B2/ (mm « b= BI7RER%E/(mm « h™1) LIBT3
17 73 AT —0.015 0.576 0.857
T E Al I R K —0.016 0.815 0.720
CMORPH —0.034 1.102 0. 366
Tl G W 7K™ i —0.007 0.526 0. 850

B3 A BRI R — R Ak AR Bl T TV 22 R A A B S
Fig. 3 Multi-source merging analysis products of “global-regional-local”

integrated atmospheric, land and ocean multi-source data
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HAT G 0 SIS A R K S 7 i PR R Bl
BT A% G B AR SR T IE GRE2E45,2021) , DAOR
P R AT NRER ARG K BREET .
W,2021 4 7 H 17—23 H {0 #4578 38 b 28 DA%
KEEFW .5 min B EL & 10 min R FEH A 1 km 43
PR 2 U5 R K SE 00 43 A 7 il LWL S B T K
2o A P R i 1 G A A B I O K AR A B K
Oy B — KRR R T E R (E 5,

22 RUBE R AU 28 8 W R0 B4 (/4. ol

e | [ewx| [wwx] [wwx] [Rwx] [REE
‘mﬂa‘@‘ '—mm‘ﬁ‘ SR ‘ﬁ‘ = ﬁ‘ iR ﬁ‘ mm‘

LRIV
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THRIE. AR, RS, ANk, G, SRS, bR
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Sl R, S AL BOOR, Bk, 7 RAR, SHEK JLEILTx
TR, IR, B, ARCR. i R, e
SRS UL
Sifh, R Bk, REHE. LR
53 NGy BS JE H A 4R [EE:=
it 1) R

4RGSR BT S JC AR BRI 55 Y X 56 R
Fig. 4

fusion analysis products and seamless forecast operation
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Corresponding relationship between multi-source data
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5 1 km 2 B3R 2 IR A BE K 9250 i
2021 4 7 A 17 H 00—15 [ y) jg 2 T 40 72 B3 =
Fig.5 Observed accumulated rainfall during
the extreme rainstorm in Henan Province by the
1 km resolution multi-source data merging

precipitation product in 00— 15 BT 17 July 2021
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Fig. 6 Relationship of observation data with numerical prediction and reanalysis data
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Table 3 Major global atmospheric reanalysis products
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