TR S SHE ERP R ER S TR ARLENEW
FERE 2, B
1 W B RHR =T BN e, Kvb, 410073
2 E P RHE R RIFEERE, KD, 410073

WE: TSR REGIG-S A S AEAEE I B ER Yy —, MARTHAS—
SEICIZRAE, T RIS 2 Bl 2 RO R A A 7 A R . AE B AR U,
IKIIBHIAE M7 3 3 IR FE R A E M EE R R 2 — o AR TR 4
BRAKA1EME 3 YHGSM (Yin He Global Spectral Model) FJFETHIEEER, 5| N T VG (van
Genuchten) 3K IMRHIE HIZARTY,  FFERDT T ERK J1 S0 P FRAS [B] HUE J7 Z0t 145608
£ B 2R AU DA S A Bk BB R Sk )5z . Horp, - R 88K 1280 7 ) ISR L
PERYE T BRI H R 42 GSDE (Global Soil Dataset for Earth System Models). 25 £k i46 45
LW, B 7R BAE LI RRR Z 54, YHGSM [ Fifi [ ARG 42 BROCHS 73 Hiu X
TR B RE T, AR S ERAS IR A S RS B R Ky
ZHAS R UE 7 20 LR FERE — g 5o, H 2 AefE 5 T a3 SR R &) b = 2%
FEUIRHDC, R AN o 8 5T b b 3 AR S R ) BB M B 5 . AR BR PP OB Tk 45 ok
F, LHIKIZEOEE SO R, AT Z IR R A TR A R A
B, 1 B AT RE e SETR KRG 6 KGR RIER R KA R LN Fik, xT
EIRPHRETER RGNS, R EHOK S8 fdm LR EEEE )2 JEH HE
AL, X THE TR RAEM F, A 5800 FE B I ] (1) A8 A A ] B 2 L 4 e P A%
PO R/ B 5 15 B N B

Kegw: K IZ%, GSDE ¥k T dnde, LIERE, AP HEE RSk

Influence of soil hydraulic parameters on global medium-range numerical
weather forecast system
Suxia Wang'?, Wenjing Zhao**
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Changsha 410073
2 College of Meteorology and Oceanography, National University of Defense Technology,
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Abstract Soil moisture is one of the key factors to control the distribution of latent and sensible
heat flux at the interface of land surface and atmosphere, which can have impacts both on weather
and climate processes on various temporal and spatial scales, because of its certain memory

properties. In the numerical model, the uncertainty of soil hydraulic parameters is one of the main
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reasons for the uncertainty of soil moisture simulations. Based on the land surface modules coupled
in the Yin He Global Spectral Model (YHGSM), this paper introduces the VG (van Genuchten)
soil water retention curve model, and discusses the influence of two different sets of soil hydraulic
parameters on the offline simulation of soil moisture and the global medium-range numerical
weather forecast. The soil type information needed for soil hydraulic parameters comes from the
Global Soil Dataset for Earth System Models (GSDE). The offline results show that, except for the
large simulation deviation of permafrost and organic soil, the land surface module of YHGSM has
a good ability to simulate soil moisture in most parts of the world, and the simulation accuracy is
similar to that of ERAS soil moisture reanalysis products. Soil hydraulic parameters have a certain
influence on soil moisture, and that the influence strength is closely related to soil types and local
climatic conditions, and coarse and medium texture soil is more sensitive to model parameters. The
results of the global medium-range numerical forecast experiments indicate that, by changing soil
moisture simulations, soil hydraulic parameters not only have impacts on the short-term forecasting
of near surface temperature and humidity, but may also lead to significant changes in the large-
scale circulation after 6-days forecast. Therefore, for the global medium-range numerical
forecasting system, it is very important to optimize soil hydraulic parameters and improve the ability
of soil moisture simulation. In addition, the ability to simulate time variations of soil moisture may
be more important to a numerical prediction system than simulations of soil moisture absolute
magnitudes.

Key words: Soil hydraulic parameters, Global Soil Dataset for ESMs (GSDE), Soil moisture,

Global medium-range numerical weather forecast
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S R R e - TR BE BN K > S e B R B, T HL el T R — E SRR
(Seneviratne et al., 2010; &XKEESE, 2021), AJLAXFASIEINS 25 RUEZ AR S Ar=E &
. flin, SF KEVTTR, LIERES b R R S8 (8475 3 E 1) S L
(Tayloretal., 2010; Weietal., 2015; Koukoulaetal., 2019), 3R & 5K
AR HAHYIRAR (Kosteretal., 2004; Ardilouzeetal., 2017; Zhuetal., 2021; Fifg
I ATRE &, 2013), 330 EHTAR A U 325 -2 75 RURE R /AOR Uil T vl 32 B 35 RS i
(Koster et al., 2010; Prodhomme et al., 2016). [Kltk, WERRBIIL L8N FEXT T2 M R
A 2 TR T K1 B A A

FEHUE A, 38 R LK 7 RRAE il 2 Bt id L5 5K & 5 B HOK B AR 1%
FRBCNARFR . B AT E R _F e H R w3 KCRE th 258 43 53] /& CH AL (Campbell,
1974; Clapp and Hornberger, 1978) H1 VG %Y (Mualem, 1976; van Genuchten, 1980).
Hrp CH B0 AR T 5, SIS 50D, E) 2 BT T % 3 R TR,



51 3 B T2 5 CoLM. (Common Land Model; Dai et al., 2003) 1R H HAEUE K S
#erhty ECMWEF (European Centre for Medium Range Weather Forecasting) -3 (1 iti [ 452 =X
TESSEL (Tiled ECMWF Scheme for Surface Exchange over Land; Van den Hurk etal., 2000).
VG RS R UM R 2%, Bl TR S AR B s SCE B . G IR, o HAL
(1) IR IKARFAE fth 2% 5 SE BRI i 28 A7 35 (1) — 351 (Shao and Irannejad, 1999), H AT & HT
W Bl AR TR, 41 ECMWE ) H-TESSEL (the Hydrology TESSEL; Balsamo et al., 2009)
CZ5INT VG A, Daietal. (2019b) KA &R EHUKASHEEBOE 7B,

SR, BT EHOK S EARE BRI E, W B AR 2K R (RS
BRED, FHI SN SR (Blin 3R FLRR RS . LaRpbRi S 845 MEGHESE, N
M- EFAR NS HAFIRROAFENE. HAT, EASh2E T CH A VG ff 4
Oy R T 2R IR B (Cosby etal., 1984; Waostenetal., 1999, 2001; Schaap etal.,
2001; Tothetal., 2015) DLRARYE HIRRAG KK SR (Wostenetal., 1999; Dai et
al., 2013, 2019b). ZRT, AN[EEEH ek B2 A7 e R Z 7+ (Daietal., 2019b; Zhangand
Schaap, 2019). [, EHUEFHR ARG, SHEEFLIOKISH. WA E T £
EAE T2 AR L

BEA, 3T AL R S B AR I A U E KIS R B B, BETRS g K
SRR A R GRS A, 2001 BRBERIEUKA, 20085 Z=15E)5E, 20155 MEk<F,
2017). Daietal. (2019a) Xtk R Geae 20 rh B A 10 H SR B SR AT 1 RGetE g, Hop,
W Th A 2 i P () A R IR VR 2 ok H A AR 42 FAO (Food and Agriculture
Organization of the United Nations) & MAFIRRA M LM (FAO, 1981, 1995,
2003), AEZ1Z RN EAEE R RIER R, DFRER, BaEfEMAREA L, 1IEEE
ST A B 1 B R BT EUAR .t S B P2 HWSD  (Harmonized World Soil Database ;
FAO/ITASA/ISRIC/ISS-CAS/IRC, 2012) A EL T FAO Ho¥fi 5 i 5 1) 1338 181 73 Hf e 4 b
R R, OO B A B Hh PR BB AU 4S JULES (The Joint UK Land Environment Simulator;
Best et al., 2011) Z5fhmBiAFT R . 4K LIEHIELE GSDE (Global Soil Dataset for Earth
System Models; Shangguan et al., 2014) 7E HWSD il B A5 7 #osodt, e & i) 38R
L HHE T 2. EE R ONUCECE RS R e, SN T aE A B i A 2 CoLM2014

(http://globalchange.bnu.edu.cn/colm2014/colm2014_src.tar.gz [2022-04-08]) LA % 7K SC 455 7Y

VIC (Variable Infiltration Capacity; Liangetal., 1994; Miao and Wang, 2020). {H A i3
GSDE $4fE S AE B P R gt P IR IV 05 AR . A TeR ], Bla s 3Bl 1 ik
PEAR AT R S IR A AN 52 7 (Livnehetal., 2015), % TR & BB TR R4 =
RAAHE AR ATREBIBOR . K, 72 R BREUE R AR R G 5| B L sn 4,
82 FH R AEAT 2R G P PP A R 100 4 BT 2 2R

A SCAEARI 4 B AE R, YHGSM (Yin-He Global Spectral Model) (2% F2%, 2011;
Yangetal., 2015; Pengetal., 2019, 2020; Yinetal., 2018, 2021) MR F 5| NT VG
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BiAYF GSDE A3k - AR AR, HXF L i 1A A 2 300 AN [R) U 7 S0 U R STl
WIPFEI . XN EZHM T 56 2 504 7 YHGSM [FG e b pirk H 1) 38K 12 5)
RERUFIA SO AE ) 2R A, AR 2a 7 iREe Bert A i 77k 38 3 150 AN [ )
B B ARG AT T G A I AU LT 56 4 9 RL 2014 4E 7 A4 801, St a
T SR A U 7 S0 4 R SO R ST B RE R s B 5 T R AU A AT R
2 ik

2.1 BHOKIEZIER
£ YHGSM FFE TR, AR+ 35K ) 36 ELIZ 3) th— 4k Richards 75 FE4HA -
0 0 oh(6)
E_ﬁﬂmm<az+4ﬂ+ﬂm (D

Kooy HEAEREKE (0’ m?), 2 REASR (Al EoNIE), hoytsgloheisit (R
EKMRERIR), KAKIMERRE (m s, SRR H TR AN S8V 5] L) 5 K
o (m’mPsDe A TETEEOREE, SIANHKRY #EE L0 (Klute, 1952)

D@):—Kwﬁ%gg (2)

Hr, DOALIOKYHE (mPsh. K (2) X5 (1) KRg5a, LR 2P B 138K
BT TTRE
00 5]

29
=5 | @35 - k©®)|+50) (3)

AR B A R K BB B v E RSB =R K+ S -2 A - R
AR-HERARR), JTRRMIRIA AR B &R, IR EIRE R 3K, EES A4
JZ, AN R A R B ) AR Sk
B (1)~ (3) AT, SRR 3/KIZ B 53 75 R 10— OB il RAE T W el 1 52 h(0)
MK(O) MIRERFR . YHGSM G4 AR )2 CH ALY,  HAR &4 BR 158 it
FAIR], BDZEE T 3K SR AR A 0 A RFAE « AR SCEE YHGSM R AR R 5N T
VG ROk LIS KE (0) 5107 () Z KR MZ:
06, 1
0, — 6,  (1+ (ah)m)1-1/n
R0, B HES/KEZEEM (h =1500 kPa), O &M t1E5/KE (h =0kPa). HHE VG
B, LK IS REON:

€y

1/m12
K(0) = K;0" [1 _ (1 _ @1/(1_1/n))1 1/n] -
9-0,
® =
GS - 97' (6)

AhONARIEME; KRN EBKIET R (ms); aof GRAKAE R R KB4
EHUREREE () nEM&RIEESE, 050 3 A n (G4 UM BT 3 B
LESTBABEA RMIERSE. # (4~6) XA (2) XA (3) X, BIAJHFHIK T
s 7 TR o



E0E VG BRI 5 A LK I S HUNBUE R B, AR5 38 45 I AU 45 A BOR 2 5
ARILIEFET Waosten et al. (1999) R T LM WHE VG SHIETR GR 1M1
Topsoil 7722 H1 Subsoil 7758), 73N THAAEMEL, FEREILEE RdkAT T Xt tr. 774
e H 42, Wosten etal. (1999) FIXPREIUE TT 242 70 5 TR 2 (0~30 cm) AR JE (30~100
em) HEWNE BRI, AT, RZEMIRE LRI KR EAAER R ZE R . B, i
T YHGSM (1 Ji b RIS H v 1 A 25 B8 4 e 3 7 1) (1 S e, LA, L
i i) Y 34 5 G A B 10 b 9 B8 0 e kT e TR S X T L 2 R B LA g R L AR URR (KR S
%, 20090, ik, AT BN A EREUE TR RGARE VR, AT AR R i H e
e E 7 M50 A0, B RK I S HIEA %ISR B Z AR, 21 PP ERUE T E5r
ST R T B ARG o A BR LR A R 7K P40 A 5 U5 i GSDE 438 7 s B A 1 43t

K By AL 2.2 745

R 1 EFTHEUEK VG BEISH (Waosten et al., 1999)
Table 1 The VG model parameters based on the soil texture class (Wosten et al., 1999)

Textural 6, 0, a n L K,
class m3m=3)  m3m™3) m™ ) ) (emday™)
Topsoil
Coarse 0.025 0.403 3.83 1.38 1.250 60.000
Medium 0.010 0.439 3.14 1.18 -2.342 12.061
MedFine 0.010 0.430 0.83 1.25 -0.588 2.272
Fine 0.010 0.520 3.67 1.10 -1.977 24.800
VeryFine 0.010 0.614 2.65 1.10 2.500 15.000
Organic 0.010 0.766 1.30 1.20 0.400 8.000
Subsoil
Coarse 0.025 0.366 4.30 1.52 1.250 70.000
Medium 0.010 0.392 2.49 1.17 -0.744 10.755
MedFine 0.010 0.412 0.82 1.22 0.500 4.000
Fine 0.010 0.481 1.98 1.09 -3.712 8.500
VeryFine 0.010 0.538 1.68 1.07 0.0001 8.235
Organic 0.010 0.766 1.30 1.20 0.400 8.000
2.2 BRI

AR L3Sk B GSDE %44 (http:/globalchange.bnu.edu.cn/research/data
[2022-04-08]); 25 £k i T A5 #DLA 6% 1) DX/ 3 37 SR 45 T 16 1 K U SR 4k 7 8 R E
ERAS FE 0 #77= i (Hersbachetal., 2020; https:/cds.climate.copernicus.eu [2022-04-08]);
B FE B AU 5 B B 1) 2 25 A Ok B [ PR 38 EE I ISMN (International Soil
Moisture Network; Dorigo et al., 2011, 2013; https:/ismn.geo.tuwien.ac.at/en [2022-04-08])
) B0, 37 O 0 25 i A0 RGO A R R A% A2 4K Ik % ESA CCI (European Space Agency Climate
Change Initiative) HJ--3E0 @A 7= 5 (Dorigo etal., 2017; https://cds.climate.copernicus.eu
[2022-04-081) 5 F T~ Fifi - SRR & Pl 1056 35 SR AL 36 1 #5059 ERAS-Land(Mufioz-Sabater et al. ,
2021; https://cds.climate.copernicus.eu [2022-04-08]) 4=EK 2 K. MEH =5 (HER
N 0.1°X0.1°, TR BB R R 0.25°X0.259), LLRIK PR N 1.5°X 1.5/ 4
BRIZ H A GRE SRR MBS 2 1q) XATZE AR ; Jung and Leutbecher, 2008) .
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2.2.1 HHERRVEE

ARSCFIF GSDE $24Eab kL (SAND). ikl (CLAY) Ff-HEG ML (SOC) & &R
IEEE, ARYE Wosten et al. (1999) FTRFIf FAO 135 2b5iE (Coarse. Medium. Med-
Fine. Fine. Very Fine. Organic), VI Fili MBI H P 75 (1 A2k L4528 . 2B Hda A PiFK-F
IrPRER (30" X30°H1 57X 57), EIPN 8, ASCRHMESHIFRN 5 X5 L. 1T
YHGSM I i IR AN F8 3 R P A 2 L7 1) B 5 B, TR, 15 5 7 2844 GSDE JR46%
I AE 3 B 7 17 R F 38R AT 21K 7 A E 2 30~100 cm, 1934 Bk 82 L8 . i
£ 30~100 cm E AT Z B dh 1) 3 2R R P A — 2 F ] GSDE #fs 75 4 3% 2 (0~2.296
m) [IIACE A 21 L3R AL AR RS 30~100 cm JR 1) BB AR —3%, K
TEIH 2R 0 1) Sy F X -5 b AL, R 2R B Ry e ik . CRImgD: — H AT E bR
R T AR R I P IR 4R (FAO 1 HWSD) A 5 R4 E (0~30 cm). T
(30~100 cm) #)Z, HIT R 3K ARG IR AR R LB AE R =, BT DARE A =00
R R T 2 AR, A e % GSDE $dli thik % 7 30~100 cm fH3EE, DAY
588 oy TR RS HR T A [7] - 3 504 I 1) v a1k

DARL 2 IR A, AR kP2 HE 2R 9 0.083°X0.083° (B 57X 57) HyABkA- 1828
RUMHE . BRI hrMEIN R : Coarse (CLAY < 18%H. SAND > 65%). Medium (18% < CLAY
<35%H. SAND > 15%, B CLAY <18%H. 15% < SAND < 65%). Med-Fine (CLAY <35%H.
SAND < 15%). Fine (35% <CLAY <60%). Very Fine (CLAY > 60%). fEUtIERE L, HRHE
TIE WS BERSH R hrrE (FAO, 2012), # SOC > 2% 135 5 3 & XN “Organic”
¥ HHAHBEKIPVETERMNE OKPF0H%R 0.25°X0.25°) WMEFRA, LULEN
R RS ) 2R . &) 1 452 1 GSDE JEIAHE B3 E1H) 30~100 cm IR HI 45k
TR A, Hdr, B la REEAHLLERA, B 1b a5 AH LR,
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Kl 1 T GSDE iR AI 43K 30~100 e IR Z LIR30 () AEAENLIER, FHE “A7 FoR
TR AL E . (b)) B AN R
Fig. 1 Global map of soil texture classes based on GSDE soil information for the depth of 30~100 cm: (a) not
including and (b) including the Organic class

222 IR

ARSCFIH 2010~2014 41K ISMN - k35863 52 30 7 WU 50408 o 18 ARSI 285 BBk AT T it A
5. ISMN HoHf (1) B AR AL B BRANTR = 1) $EHCITA 3 10 22 3R FE I B (T A
R AR B FC s E 77 SNEE AN G —, W 2% 2 L3R FE A AN R], A SO T A 0~15em
PO N R E 330 2) BBk flag A% T G (good) Mids; 3) THRLIEIRE H ¥
fH: 4 R EFH HBMEIC AT 180 RAUN: A, Fe A3 B SOk, pi 4 3457 /> (f
FEAR R 2 A () Ak 2500 2010 4 540 4~ 2011 4 626 1~ 2012 4F 871 /> 2013 4E 955
AN\ 2014 4F 465 Ao R EBRA R EA 2 B EE R, WSLFRAR 1130 MW, EEE
HEALSE X, 433 x50 A FE BRRINRI PRI, A E o A 75 AR (B 1)

ESA CCI 38 @l &7 i & UL GLDAS-Noah K2 T 3R EE NFAE, X2 ME. s
TR R L I P P R AT R AL BEAS B, R E] Z FE RN 0.25°X0.25°, IS TA]FF A1 A 1978 4F:
FRE: 4, A0 HFE 10 H P29 35 = st ) RUBE « A SCR T2 ESA CC12010~2014
SRR H R RS, I BON B R G B G ASCAT-A. SMOS 1 AMSR2. i+
BORE RO T flag AT E (F % B FARZR R T 3800 52 54D d S,
ARICAMIF E AL
2.2.3 RAHHT b

ERAS5 J& ECMWF #0258 TR 7= it o AHSRBIEFER T, ERAS P20 #r7= fiks
FEFALE T3 _E—4X ERA-Interim /= fh A 5 K$HE S+ (Becketal., 2019; Nogueira, 2020). A3
KH ERAS K70 HE304 0.25°X0.25° (R13Z /NN 404777 i B 2k B 3)) YHGSM 1 i T Ak o
ARSI ERORE: 2 KR, 2 KRR (R 2 KEGIE). 10 SKJR#E
B2 R RIS A F KBRS A ) ATk m s . [RIRE, FIH ERAS 2014 42 7
153 #25 T639/L137 RS i N Bl SR A IR 3R R ST 46 9
2.3 I BT 5%k



H— A AR E ARG TGS, KT 0.25°X0.25° RAHRIEYR HK
I HEER DY 0.25°X0.25°89 ERAS BN 087 i, Fride I 1R BON 2010 52 1 H 1 H A2 2014
12 A 31 He BB 30 min, Hth Ry 3 /NS, LA 45 4 (2010-2014 #
SIBAT 9 ¥, T 40 EAEN spin-up, FeE S MRS R T AR, FRARE TR
IR HEAR NI B BRI 46 . FR AR 2, 2 AR ERAS 0d &1 ) 7 1K B2 FR
i, AR SO A BRI 18] P 310 (0 /038 37 418 A 906 20 i TR A PR 7 v A Ak B AL P IR S
BRI spin-up J7EAS B IR S BLHECK A ESE I 17 K3 I3 2 1) U AS FLd
A —Ffis FH Bk TS spin-up 7792, (R BT L3O SR AN 2 MRS T e S
R IIENZ, FTRE 2 S BB IS AT B bR R AR TE — B R 2 o I A2 2
BRI T B SR O 22 1 2 LR R,  RIA SCE AR AN 18

0 R B - A S TGRS . AT, RSB B RN
TL639/L137, Tk BOkBERI2& 2014 97 1 HZE 31 H, &H 00 Bk, MAHEHik
10 R, 3L 31 M. REEE 10 R SWIAA 261 H1 7 B304 TL639/L137 1) ERAS FiJp /™
et B HIA6 5% 18 B 58— 41 NEG (1 B Al 5 AR, S5 /K RS T 2N 0.25°X
0.25° A5 2025 13 I M J 1 1) TIL639 Wof 7 PRI 57 s 207 PR AR

AR - R A B IO LA R A LK IS5z, KT 3 At
R (& 2): “GSDE.SUBP”. “GSDE.TOPP” #1“GSDE.OC.TOPP” i{ % . H:H1, 548 “TOPP”
F“SUBP” 73 HilX M3 1 H1 ) | (Topsoil)« T (Subsoil) #%# 117K /124 . “GSDE.SUBP”
1 “GSDE.TOPP” K+ I#38M AR405 “Organic”, ENFETH S 13RI AV 5 je b b A1 B kL )
e, AEEAEIRERE (E la). “GSDE.OC.TOPP” ff] 13284 & “Organic” (K 1b).

% 2. Rt
Table 2 Configurations of experiments
GSDE.TOPP GSDE.SUBP GSDE.OC.TOPP
VG Parameters Tablel. “Topsoil” Tablel. “Subsoil” Tablel. “Topsoil”
Including “Organic” No No Yes

ARSLE 0of 3 FE RS 2R AU 45 L TR I Ge TR IR 4R A 32 B RR M A DG R (R P
BifmZ (Bias) MMM HRIRZ (ubRMSE). i, R RARE T & MK AR 95%LL -
MITHER A R . T SR 56 (0 BB 3B AR AR S K B P38, P ADUAT ity s
I HFEME B H 004 03, 062 09, 12, 15, 18, 21UTC 4358 EE (BT 2458, ESA
CCI 38R FE H-PYE A & 7= 5 B BT ISMIN 3l sl SO it (B 5 n 2 4k, BRL itk
AIE SR B AU R (20102014 45D HEAT TIEERGIHR, &5 S FRGHER
YA HE . Bt -SRR A R0 R 1 2 SR R i AR IR SR I e A B4R b v H P2 i
%, F ERAS-Land F i i N ESE . 5T RN ERRZ TR R, HEitie s
B9 7 AA3AbEER 500hPa (235w iREE. S M. 2 XD KT RIRZE (RMSE) M
FEFAHOR REL (ACC), FTA SRFICLSFI R S T A AL EE
3. 1IRIE B B AR &5 SR AL T AR L 234
3.1 ZF ISMN BB KRR



ASCE A ISMN Htf o) 26 — 20 1) 4 BR 9000 B B B3t 45 R AEAT 1 et e e,
AR AUMELIE % F) 2 55 LN s o B Q08I PO S RS Bt o 9 17 BB 4 o T RO AN [ - 3858 7
MIBANRE ST, 75 ZEARYEAR SRS - ISR R Ity AT 70 2R 48 0. 3R 3 4 7 =ik
Rrrp % BRI R GRS R, A “Num” AR A S0 A Rk s B A (B
BARFED R EE N ). ATLUE H, EFTA 3457 ML s, “Medium” 3838
R K, A4 80%; e BEERAMIN D, o “Very Fine” AUl i dliide /b, A
74

3. HT 2010~2014 ££ ISMN RSN MBEE N B L& R B RIS THRK, Bias 1 ubRMSE
HIBA N m® m™ HF GSDE.OC.TOPP X% 5 GSDE.TOPP RH: RFE “Organic” REFEHIZ R A .
Table 3. Statistical scores for the comparison between offline simulated soil moisture and ISMN’s in situ
observations for 2010~2014. Bias and ubRMSE are in m® m=. The difference of simulation results between
GSDE.OC.TOPP and GSDE.TOPP is only shown in the “Organic” soil texture class.

Texturs GSDE.TOPP GSDE.SUBP GSDE.OC.TOPP
class R Bias  ubRMSE R Bias  ubRMSE R Bias  ubRMSE
Coarse 216 0.669 0.034 0.041 0.657 -0.012 0.040
Medium 2842 0.651 0.085 0.059 0.645 0.069 0.058
MedFine 51 0.733  0.029 0.057 0.731 0.024 0.056
Fine 268  0.695 0.146 0.056 0.686 0.143 0.056
VeryFine 7 0.628  0.125 0.063 0.599 0.119 0.059
Organic 73 0.500 0.082 0.062 0.526 0.250 0.075 0.539 0.322 0.079

MEARGEHERR R, YHGSM [ A H - 39600 15 (¥ 25 2R UL A 0ty . &R0 45
H ) 9 P AU S WL R A SR, BR324, e RIS R (EHASA
BT 0.6 LLE, TEMmHITHRIEEL 0.05 m® m>Lti. Hah, SRS R T R,
HEZE R AT g 5 K aRia 47 k. ARTFLRY], ERAS /K™ MAAE I BINIERZ (Xu
etal., 2019; Amjadetal., 20200, 498, FARNKMERRREZ, B T2 Wz, &
BEH R B RGN 2, LA R 55 000 sl B 2 () RUBE AN DL G S5 ) L, 5 B
AT ARG R TR T . AR SOR AR R Ge vk D7 i AU A % 2014 4 ERAS f) L3544
R KB H 7= i AT 7 ek o, ISR SR AR 0y, MG R BN 0.659
(Coarse)- 0.678 (Medium)+ 0.619 (Med-Fine). 0.682 (Fine) 1 0.499 (Ogranic); GSDE.TOPP
WRIGHI R I GE R FR A: 0.655 (Coarse)~ 0.649 (Medium). 0.611 (MedFine). 0.656 (Fine)
F10.407 (Ogranic). A ML, IR A K Bili 1 R4 B AR 40l 25 AT AT IE, (H L 138%
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Fig. 2 The multi-year (2010~2014) average of (a) correlation coefficients and (b) unbiased RMSE between offline
simulated soil volumetric water content of GSDE.TOPP and ESA CCI daily soil moisture product

1T ISMN Wt i E B AR SE (W 12), AT VRGNS B 18I0 B 78 A BRI 45
PUEGL, ASCHE— B BLLE 5 2010~2014 4E ESA CCI 4Bk HIRIR R Ml A 7= i it A7 T
XFECA T, B 2 45 )2 GSDE.TOPP 46 (1) LB &7k &5 ESA CCL & H 88 =
IR R AR % RBOR TSI 7 MR ZE (2010~2014 4E-FHME) H4Ek0 A, Hohkx &0
S50 T At B E RIS TRAE H, BT KR LA S s n A ek e 2
HBIX DAAR, B R0 1 X PR A 6 R ECHAE 0.6 UL L, AR ARIEZEAE 0.05 m® m™ AR,
B b vUIEH, BT AN Blindbse. e LR FRETEALED AR 4 p
REIMAR, 2 AR AR5 5L T ISMN sl UL 55k G845 R A —F . GSDE.SUBP %
FARLEE VHFbs 1 4Bk o A 1 L 5 ] 2 3l (IS D
3.3 BN KIS BURTE

XfEb# 3 o GSDE.TOPP 5 GSDE.SUBP %6 () 4t v 4845 1] UG t, B HL 355 AL 4,
PS¢ ubRMSE HEAAH, GSDE.TOPP %) R ki =T GSDE.SUBP 4, {HI[F]N



Bias WAHXSBE K. pb4h, @r LA H, XHFHFHL (“Coarse™ FIH &5 (“Medium™) (1]
THERAL, LHEK SO R R A S N 2 R

K3 3t—P4AH T 2014 45 7 4 GSDE.TOPP 5 GSDE.SUBP {46 (1) HIE RIS K &2
ZEMAERD A o G AR BB A RE (B 1a) FTRURIL, PHRIGM g 2= R 5+
BRI BN A C, AE IR BRI — 5 1 Jo M PR ARRAE o X T A Bk O30 0 KEL it R o 45 i 1 -
HEHhIX, GSDE.TOPP [f)-LIEMAFS/KEWHEE M (A, WX H PR K EMIET
0.04~0.08 m* m™, BLALIEILH . FESEFNIEPIES RPN PG SRR i b 56 A o [ v
AR AR TE SR SRt et X, g anJEdNALES, I T GSDE.TOPP 1) LIRS /K &
IR R (BB . ST Er 4+ (“Fine”. “VeryFine”) H#i[X, GSDE.TOPP X%
) H BRI REAL (PR, T2 0.02 m® m? DA, Bl KR4, JE b 488
FE SR TR AR AR s EAA 2 i X (Y - 3838 5 T GSDE.SUBP 36 (A ), Bl R gk
FEP P EBAL SR R EE . AR 53K 3 M-I IRZ R Gt a5 RIEA — . BRI
(%f L85 SRR I, 38K ) S 06 L 80E BB A BB, R fE g S L
FYIIE, ALBT AN b &8 5 i 30 K I SR BURNME S 0. AN, KIS BRI R R %2
AR FAF SRR R RHIL), BRI — 8 1Rz Rk

Volumetric Soil Moisture units: m® m®

BON —| - Sipgiein

30N —

308 —

60S —

908
I I I I I I I T I T I
180 150W 120W 90W 60W  30W 0 30E 60E 90E 120E 150E 180

E [ [ [ .

-0.06 -0.04 -0.02 0.01 0.03 0.05

¥l 32014 4% 7 /1 GSDE.TOPP %5 GSDE.SUBP 5 £ Sl ff) 13 (AR Sk it 2 72
Fig. 3 The difference of offline simulated soil volumetric water content moisture between GSDE.TOPP and
GSDE.SUBP in July 2014
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Fig. 4 The difference of 2 m temperature between GSDE.SUBP and GSDE.TOPP: (a) the daily maximum and (b)
the daily minimum

K 4 45102 2014 4 7 H GSDE.TOPP 5 GSDE.SUBP Fiifi ff 2 KA Hi K E 2
7 (E 42 FMIHBMEZZ (K 4b) MAaEkafifiil, 6%~ GSDE.TOPP Ttk i<k
fi&T GSDE.SUBP. H1EI™] W, 2 Kl 022 7 A W12 1) H A2 R IE, GSDE.TOPP X5
Hf sl (T2.max) B BRI (B 4a 46, Mk, HERMESE (T2.min) B 2MHe (E
4b BEfE). 2 KAIRAXFHEE 2 R 5 R SKENAEL (B 3) FUIME. ERESKE
i RSB A X, H e SR B PR, I andbRR . P A, 638 v A% R i X
T2.max H PR EMIEE] 0.6 BEA AT AN, 2 KU/ ME BT, Bl andEsAbEsA
B KPEM . LM PR R 3 X ) T2.min A Pk ZE TR T4 1 L b X2
N, LR R, MR AGEE RN, RO, S EOZH X 0 ORI (R
KA BEAC. BIENREE Gl MED ThaEr, ATTFEAR IR LR H AR EE . Bu4b, v UG




IR N R I TN IR 5 A B B KR 2 D DL R AR AR S AN R KA 5%, I8
TTFREMETREARK, FoKkERD . SRR SKERMR, R 38 R 1 U
PESER, AR SO TR 2 X, 3R FEX R WIS B, PSR EZRm a8 AR vy
AR A X

T2.Max units: °C

T I I I I I I I I I
180 150W 120W 90W 60W  30W 0 30E 60E 90E 120E 150E 180

4 -2 -1 -05-02-01 01 02 05 1 2 4
units: °C
90N
.
60N —| =, O o gt , SR
30N
0 .
22N,
s,
B !\1 ~
308 — “/ "
9 o
§0S — -
= T T ST
e - S g (b)ﬁii
90S T T T | T T | T T | T

180 150W 120W 90W 60W  30W 0 30E 60E 90E 120E 150E 180

4 -2 -1 -05-02 -01 01 02 05 1 2 4

Kl 5 GSDE.SUBP 5 GSDE.TOPP (1) 2 K £ (a) HEKMEM (b) Him/AMA M im 2 122 H: 1EE
(ZLf%) 37 GSDE.SUBP {1 i fii % X T GSDE.TOPP
Fig. 5 The difference of forecast bias of (a) the daily maximum and (b) the daily minimum 2 m temperature
between GSDE.SUBP and GSDE.TOPP: the positive value (red) means the bias of GSDE.SUBP is larger than that
of GSDE.TOPP
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Table 4 Comparison of root-mean-square-error (RMSE) and anomaly correlation coefficient (ACC) for 500
hPa geopotential height (G500), Temperature (T500) and wind (U500, V500) fields for 10-day forecast for
the North-Hemisphere between two experiments: “1” means that the results of GSDE.TOPP is obviously
better than that of GSDE.SUBP (with 75% confidence interval), and “0” means there’s no significant
difference between the two experiments.
024H 048H 072H 096H 120H 144H 168H 192H 216H 240H

RMSE
G500 0 0 0 0 0 0 1 1 1 1
T500 0 0 0 0 0 1 0 1 1 1
us00 0 0 0 0 0 1 1 1 1 1
V500 0 0 0 0 0 0 0 1 0 1
ACC
G500 0 0 0 0 0 0 1 1 0 1
T500 0 0 0 0 0 1 0 1 1 1
U500 0 0 0 0 0 0 1 1 1 1
V500 0 0 0 0 0 0 0 1 0 1

R 52014457 A 1 B 00 BHFRAIEAER 500nPa A EES (G500) FHFBIREE (RMSE) FfEEFH

REH (ACO
Table 5 The root-mean-square-error (RMSE) and anomaly correlation coefficient (ACC) for 500 hPa

geopotential height field for 10-day forecast (start from 2014-07-01 00UTC) for the North-Hemisphere
024H 048H 072H 096H 120H 144H 168H 192H 216H 240H
RMSE
GSDE.TOPP  4.79 8.23 13.41 18.57 2494  38.67 47.13 51.85 56.10  59.33
GSDE.SUBP  4.78 8.23 13.36 18.4 24.87 38.52  47.81 54.58 58.98  62.36
ACC
GSDE.TOPP  0.997  0.991 0.973 0.944 0900  0.777 0.711 0.653 0.595  0.557
GSDE.SUBP 0997 0991 0973 0946 0900 0.777 0.697 0612 0541 0.470
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