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Abstract Based on the second-generation Chinese Academy of Sciences Earth System Model (CAS-ESM2.0),
this study firstly introduced a Plant Hydraulics Scheme (PHS) into the land surface component model, CoLM
(Common Land Model), to replace the original empirical scheme. Two sets of 34-year (1981~2014) AMIP
(Atmospheric Model Intercomparison Project) numerical simulation experiments were then conducted to
investigate the impacts of the improved PHS on the simulation of summer precipitation over China. The results
demonstrate that the improvement of the plant hydraulics processes significantly reduces the climatological biases
of summer precipitation in China by CAS-ESM2.0 model. Notably, it improves the underestimation of precipitation
in eastern China and Tibetan Plateau, as well as the overestimation of precipitation in the western Sichuan region.
Additionally, it enhances the simulation performance for interannual variability of summer precipitation and the
frequency of extreme heavy rainfall days. Further analysis reveals that the improved PHS substantially reduce the
model biases in soil moisture, specifically the overly dry bias over the Yangtze River Basin and the wet bias over
the Tibetan Plateau. The modifications also reduce biases in simulating surface sensible flux and surface latent heat
flux over the Yangtze River Basin, North China, and Tibetan Plateau, thereby improving the model’s representation
of land-atmosphere interactions. The improved land-atmosphere coupling significantly enhances the model's ability
to simulate the East Asian monsoon circulation. Specifically, the improved model reduces the negative bias in
simulated sea-level pressure over the northwestern Pacific, which favors the intensification of the southwest
monsoon and moisture transport from the northwestern Pacific to eastern China. Concurrently, an anticyclonic
circulation anomaly can be found in the lower troposphere, which effectively reduces the model biases in the
underestimation of weak southerly winds and insufficient moisture convergence over eastern China, leading to a
remarkable reduction in precipitation underestimation in eastern China. These findings underscore that an
appropriate representation of land-atmosphere interactions, particularly incorporating plant hydraulic processes, is
critical for improving simulations of East Asian summer precipitation.

Keywords Plant Hydraulic Parameterization, Land surface model, Summer precipitation simulation, Earth
System Model
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HhER S A5 R G A A T SR S LR LA R T T4 (1 B T, LR B N — R A AR
BEERE T IRV AR CF PRAFFAREAIE, 2010; JE R 445, 2020; Panetal., 2025) . H[E R} =B IR R G015
3 (CAS-ESM) &t H BB K BRRE o Ak, BA N 2 5K B B i i sk <k R
HEAMRA CAS-ESM1.0 T 2015 4E KA, 45 ik CAS-ESM2.0 T 2020 4E5E M3+ N 1 5575 Uk [H bl &
A LRI (Coupled Model Intercomparison Project Phase 6, CMIP6), &7~ HiX 4 ERIGLEE . Bk 25 7 s /< q%
BAFHIER R IR ) (Zhang et al., 2020). [E 41535 R CAS-ESM2.0 5% 5 CMIP6 1% AR AL



GERL, MR TR BR K IORE R BE, 45 SRR W] CAS-ESM2.0 K 4 ER K BN BE 1172 5 CMIPG L
BRI 2 A7 JE BT (Li et al., 2022, Evans and Imran, 2024). Evans and Imran  (2024) 3T W55
[l % (Observation range adjusted, ORA) Ztit7r M 7% 5T 45 3K B, CAS-ESM2.0 X 43KV 15 i 1 [
IK RSO 25 7E 59 Ml B /h. Lietal. (2022) FIFHZEA AL 8% (Composite Rating Index, CRI)
P T 44 A~ CMIPE BN Ax Bk 29 AN Mg X IR /K AR RE, CAS-ESM2.0 HEA A Fi, (HAEN AR
P H X P4 7K AU BEARGT AR . FR T 52 B A DA K 2 REZR IR R GE 52, - 8 0 2 Z= R4 /K AT fff A
TS B B A5 s, M R S e i W I XE RS2 —  (Chen et al., 2023; Xin et al., 2020; Yang et al., 2021;
Zhang and Chen, 2016).

CL A I T4 SR 3R B, i i a7 DA% it SO ELAE R SR 2R NI IX 48 7K 1 G B F2 PR R S5, 2008; Chen,
2022) , AUHELIEMRRE . ZRHEORAE N IR TR A AR AL A 0% ik B2 R PR DA R i i 44 ) 22 S R AR I 2R
%7K (Gao et al., 2019; Zhan and Lin, 2011). K AE £ E AR, Ffi T FE e A S b R d 2
SO 5 0 5 2 K R UL I R P B DR R (AR A IE#E, 2013; Geen et al., 2023; Shi et al., 2021) .
CAS-ESM2.0 )i il 70 S A X0y B Bs b )32 2 H i) FH BT A8 CoLM (Common Land Model). ColLM )
RIESS & 7 BATS. IAP94 FI LSM 45 [H N AhFi il Fe AU s (Dai et al., 2003), fE CAS-ESM2.0 HEZE R 5]
AN TR EXCRM . K. AT S 2 T RS R Qietal, 2014; Zhang et al., 2020).
BV EE RK B, CoLM X fifi 7K &R . BB WCSC & T TH ) SRR S AR R I (B2EHE4F, 2020; HR
=%, 2021; Lietal., 2017; Zhang et al., 2017) . [ifi %5 ifi it FE A A AR IR N, B08T I CoLM B 6 il A
CoLM2024 75 Bk b x 2 Ty B FE 7 AT T ot (UK AEE, 2024) o o rp i THI K A6 A P2 1) 2 22 04
Wz —fE MK 118 (Plant Hydraulics Schemes, PHS) 151N, Beitk 1 18 20t iiE ik 2% 3t 38 28 Bk
R (Li et al.,, 2021). fEBE A& MEAE VLR 28 R B 32 B BG4, MY EEAIEE R 2 2 ERRE R
SN FZEE (Bonan etal., 2014), i@ AR R K - 387K P23 e (6] 42 52 AR A2 7 0. B A e 1t 2 T
SRHMERLE (Koster et al., 2004) .

A 23 Vi ot T 3ok AR Qo ok 2256 2 - 338 /K 4> 8 R %0 (Soil Moisture Stress, SMS) fiid T2 &4 FS5L S
FER)RFE (Lawrence et al., 2019). X Ff 5 5 BAR T DA AL T SIAAR , (HHBS IERIAEAERRANER G . Bk,
SMS AN EE TR X135 L 358K o0 Z& M ik R b AT PR, 22000 17 R 3R A 8 51 10 ) 7K 06 B2 LA S K 3 B 43 e x)
TR 520 (Kennedy et al., 2019). i, T2 R a2 LKAk Zd1T “KII3EH7,
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R TR G451 2E 218 A /K 775 B (W AR LRV 3200 D KA i O, A Bt T FR Bt Ao X — i 72
PSS NHLE] (Choatetal., 2012). Ak, ANFEHEHETHRERESFLETT SemE . AR RS L Mags 2k -
(1) 22 BEME A% g i T A RO FEE 3 N 48— 280 (Anderegg et al., 2018), X Bl i T A o 78 (X ek 31 4
BRORUBE o0 RE A A B FE A BB w2 . A 51 ON A S A T A B LA AR K IR B R B AR
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No ZHARHESLR AR A 7K F T 2%, T30 70 g A ST AR 28 381 it () 7K 3406 B2 X ) ) 7K i 3 7 o
Kennedy et al. (2019) 73 [E KA 5T HCofi [N FEAL T CLMS g RSB SPAC B4 &, i il m) 548
BRI 7 BIR R K ARk, FEEIE AR M 5 ORBR RS R IR KA 2 . MR K I B B 1A B
FE: (1) BT 55 1 il 2 A A 5T 8- B 1) 1 5 7, A AL OGP S ke 28 XU TR PRI 30 s (2) %11 2 )2
RAZKE A W T 2 ER R K Hs R e, VKRS FRUaIER (BIInmWZER “KITB” A
B “OKIHRTE), AL LKA R (Lietal, 2021). Lietal. (2021) #F5EH I CoLM B £kiR 5%
SEOL, BRUE T RE K J AR K A B TR P 2 S AR FO R 22 AR T 92.5%, J RITE T AR A /K B8 e 3ok 2 i R 2
R AN H K RTHE A SGE T R E KA. SER, ea-BBHREa X AMESHL sl
M K A IRBN I SAL S EE T AR AU & SR BT AR 28 10 5 S R 35 T AR ZEPRAIC T 174.5%. iX2esh
SRR T R A K I AR EE T DA SE v A 10 220 A X AN TR K S SR IE L T A B S B T A X
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MR E ColM w, FHIFJR T WA YK J1 7 el ai /5 1) AMIP - ( Atmospheric Model
Intercomparison Project) HUEAARLG . ik i 2H 006 45 SR X e b, IRFCHE A /K 07 SR sl ) op [ B 2
e A ASLALL PRy 52 e B AL o
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2.1 CAS-ESM2.0 R i/

R B IR R CAS-ESM S H A [ B2 e XA B 58 i 2 Sk, BRA IRl N 22 SR B fr B e
(R ER % R g, HE A CAS-ESM1.0 T 2015 £ KA, % it CAS-ESM2.0 T 2020 4=5E A,
CAS-ESM2.0 B&F 41N 8 Mr&Efist: KAMWE IAP AGCMS.0. HEFEIR N LICOM2. [ [ i A A
3 CoLM. #guk#5al CICEA. SR RS A45 0 JAP-AACM. HE 430 112445 IAP DGVM. IEVEAED
HER{E 2245 AP OBGCM LK Fifi o A= Pyt BR A4 2445 5K, COLM-BGCM

CAS-ESM2.0 [ KSR B (JIAP AGCMS5.0) 2 b Rl e KA 7T 1 BT RIS 5
KRG (Zhang etal., 2020) . ZARE g5 T BRZE 7 (ks S at, SR Bl Hh T2 A8 40 (1 T B AR bR &R o
A TE B )ZCN 35 2, BRI T 2.2 hPa. A2 (14 B R AL 45 56 T SUR R R (i S 50 7 R i)
mEMIESHANTT % (Xie and Zhang, 2015), &= & EUZ N = M S 477 % (Morrison and
Gettelman, 2008; Xie et al., 2018), KSIALFES4 k)7 % (Bretherton and Park, 2009), RRTMG #&5f /7%
(lacono et al., 2008), =AM 7% (Liu et al., 2012), LA K% i & T 5 1 ) b T 52 110 S 800k 7 & (Xie
etal., 2021).

CAS-ESM2.0 Ffi iz 7r EAE Ll CoLM JyrilioRay . Ab iy K 2 A v [ 2 fe KA BRI 70 3 [
WF & ) CoLM2014 fiiA (Dai et al., 2003; Ji et al., 2014; Zhang et al., 2020). %A 3R EZCN 15 )2,
BORAIE 42.1m Hio K3t 5 )25 )2 . CoLM2014 KA XK T+ il FE . CO, LLRKIRIE =, H
e AE R -SAL T B RS R  F BH T AN B TR T T 3 31 2%5 5E (Dai et al., 2004). 75525 1E 477, KA
T —IE LT & (Dai etal., 2003). TR 75 9, SRAVK s f] 7 #2285 ¥ 137K (Niu and Yang,
2006), M1 K R /KIS 73T TOPMODEL &) SIMTOP F=ii ¥tk /7% (Niu et al., 2007).
CoLM2014 H [FIAE A K 7775 S8R F 56 14 338K 3 ol A bR B, oK 28 FEAEL AR AR /K T80 B S /K 0 2 43 i) -+
IR RE AU B2 (L etal., 2021),

2.2 HE#KISIH RS6E

ST R K i R B SO TR B B B, A SCE IS e T 7 A CoLM2014 15 A M #E 7K 77
R (Plant Hydraulics Schemes, PHS), it 7 CAS-ESM2.0 SHE M /K Sl FE A . A% T EA4H CoLM
I T o 2 R B 7K T 7 R B st

CoLM HE#7K AR R AR 4 - 33 - R4 - KB SR AR R 3 v SR B UK 70 S R 28 1 03 B o R /K A 2 v
REDI K S ai T 3. MR 2RI Z (R R K AR T o R 353507 1R /K 350 235 D) R i o5 5 A A0 7K
R B, R ZEL MEK SR R SRR R K AR s R, YIRS 2R IR
(7K 86 PR M AR IR AR AR . em, W RK A PR s it LS B2, RN S i A 7K 4y
A ETER . L YK H3h SRR T T B K 077 R o AN I R . 1
M2 AT R LR IE T 2 WA A CoLM2024 1) -0 Ui B C3ok A 55, 2024 ;
https://github.com/CoLM-SY SU/CoLM-doc [2025-03-07]).

TV KB B BAUE CoLM R K IR 5G4 . CoLM A # /Ky A8 Fr /K ARl A0 8 1 1 A
TR SRR PSSy o B AR AE P B ZERIH AR DU S KK AL, 3R B 3 3
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IR IR
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2.3 AB R ABIER R

N1 SR K 5 RO A [ R KA S, AR SCHEE T CAS-ESM2.0 Fili SR & 7 A X
(IAP AGCM5.0+CoLM2014) it T4 AMIP EEAALEE (R 1. PA R IIK T3 H RN
1.09<1.0S K 1981~2014 4 {35 H WL w2 5 5 Aok 8 4 B IR Sl b SRR A A UL AR 2, IR AR S
T IHFTBURIRE R AN 255 . AR IR A K 077 RAEAEZE R - Hil5e (CtrD AdEmlils, oK
F177 FABE B T B2 00 7 %=, 8 4R ChydroPHS) TR A Bt J5 R K S B &, 1
CoLM2014 13| N T #HHIRBK /AR (PHS). i3t hydroPHS X465 Ctrl {36 Rl 2 5, afLlit—
BRFAEME /K S 77 22250 CAS-ESM2.0 #54DL Hh [ B 2= [ /K 1 R

£ 1 AXHHE AMIP R E
Table 1 Configuration of the two AMIP experiments in this study

W6 4 PR RAM Bl PAE e TG B RGN PHS

Ctrl IAP AGCM5 ColLM2014 1.0<1.0° 1981~2014 &
hydroPHS IAP AGCM5 ColLM2014 1.0<1.0° 1981~2014 &

AR, ARSCAERLANN S SR LU AN DAl o FH 3 70 B T A pr s, o B dE e (L XA s A u il
¥ CN05.1 CRAERE A, 2013; Wu et al., 2017) AP U OR H K ETE R, 2#% N 0.2530.25%
(2) T3 DL Rt AR B 06 5K ) ERAS-Land B T F 20 T 4l (Mufoz-Sabater et al., 2021) [ H T3
Z (0~7Tecm) FIREZE (7~28cm) TR, HIFREHAGEEAEHGEELHIR, 2% N 0130.1% (3) K
SIRTEFAE S B 46 ] ERAS KA /%8 (Hersbach et al., 2020), 43335 0.2590.25< A 8k
EREUIE] (1981-2014 4F) Z4EFHEZE (6-8 A) MIBMIEN, Z4- PR h Ay L H
PERHTEAH, 15T BB FE A R FH UL 1 48 R 7 2K W) K B0 A P R 2] 1.0 L0 FIAE =R A% L.

3 TEEFREKED IS

Bl 1454 7 1981~2014 4F i [E B 2=~ 35 B K WA S A A0 45 S LU RS0 . W Zeet (& 1a) &
s H R R K SRS T S ER AR R () P A G ek A () A AR REAE s KA AR O BRI R A
RV KU | 7t PR [ K S8 ATk 7 mm dte Ctrl AL 0645 B G 730 o [ g 22 b /D () e K 24 1) 4y
RFAE, (HRTEFR EZRES . VU1 B e o DX 3 22 50K, Ferh Crl 8 A 7 v Ji DA ZR (1) 18 X3
MBI AR ORAB H Gy, RS 7mm d-ts A5 AR BRI ARADL HAS T A R I DA A AR AL B IX B AR KB 23 AT
{E SRR SR RAK, 76 3~5 mm dt 208 (& 1b). Forb, R DA 091 76 DX R K A A5 A b U 2 3 i
w3 mm dt, TR R DX P AR AL AR X R 2D 0.5~2.0 mm d Ly T e 4R B A KR LI B 2 R D, AR
TRZE AT B X DA R B, FfmZIEEE 1~3 mmd? (& 1c).

Kl 1d 45t 1 hydroPHS & AH LL T Ctrl 50 B 22 5. 45 R, MEHK 7 ol e, BEES
JECLARBIPU)I H R A i X s K g2 0.5~1.5 mm dt, & oK IX K %2 1.5 mm dt, BERLT
o R DR X S B KA L R A 225 R [ AR P KA 22 0.2~1.5 mm dt, H AR KITPARSHIX Bk £ 0.5



mm dt, VLiEE S R E N E 1 mmd?, ZRACH X R A 2 BB R NS S, Bl 1 Ctrl 356
T FE AR R PR ASEADL 0 s 22 1 WAL 48 7K 707 G ) e RE % i 25 o oot vl [ 5 2= P /R AU 2 R A1
2= o

Bl 11981~2014 EpEEFPFHIEK (BA: mm d) FESM: () WP; (b) Ctrl RH:; (¢) Ctrl iR
I 5 BB ZE (Ctrl J& CNO05.1); (d) hydroPHS 45 Ctrl REAIERIZER: (hydroPHS & CtrD).
B AT B X R il 95%0 B i .
Fig. 1 Spatial distributions of summer mean precipitation (units: mm d) over China during 1981-2014: (a)
Observations; (b) Ctrl; (c) Ctrl simulation biases compared to observations (Ctrl minus CNO05.1); (d)
differences between hydroPHS and Ctrl (hydroPHS minus Ctrl). Dotted areas denote the values significant
at a confidence level of 95%.

K 2 Dy E B =R K BRAR O S AU S5 R AR EE T B B 2a UL FE K BRAR 2 0] o3 A, 5
B AR SUEZS A A AW &, A R 2R F K A A 28 5 TR 2R 7 ) 7P AL IS R A AR AR, VTP U R VL X
DA K A 1 DX R B A 0, IR A AT IA 2.0mm dt DL b, PE SR IX B /K AR BR AR RIS, TREZE 0.2~0.6mm
dte Ctrl 56 B K A BrAe A AR S DUR = PUAR A 20 AR, VL7 HE R DAL s JRU AR () LB BAR X AR DX 2k,
TR LE 1.0~1.5mm dt (& 2b). Ctrl iERAH EEU IR 37K A B A A Z 18] 2¢ PR &R DA AT 3
DXAH LA AE 235 TR 22, B /K R bR AR 2 540 =y 0.2~1.0 mm d?; A8 Rg B KVTH Rl Hb X A7 7 2.3 1 i
%, WREALE 0.5~1.0mm dt 2 i), FE/KAERFRAR AR 55 o

B 2 A 1, EARZEREKEREE (B mmdD
Fig. 2 Same as Fig. 1, but for summer precipitation interannual variability (units: mm d™).

Kl 2d Z5H 1 hydroPHS B3 AH EL T Crl 356 B B /R AEFR AR AU ZE 57 o G RBoR: HEROK ) 7 S ot
J&i» hydroPHS 138 AEATT A il LR DA K e b [X [k 4 B A8 22 T 0.3~0.5mm d2, i) 1 Crl 5 72T
g LA A bl X AR PR AR R G 22 T B DY 1P AR DA K ] 4 [X 7K 4 o A8 20 2 2% IR 0.3mm 2,
N T Crl AREGAE 5 5 SO B X R PR KRB R R 22 . DA ESSRRM, WEH K 12804 7 R e se
fif 52 [ fIk CAS-ESM2.0 Xif A [ 5 Z [ 7K AR A DAL 47 B AR 38 A UL 0 22 -

BeAh, ASCE T E R H 2 CH FKE=20mm (6 H 50D BHS oLty 7k — 51 h, DL siE
WK 7377 Ze et it B 2 P K ARADLIK smi o 1 3a Sk, o L i R RS H HOWI B X 32 25 M fE 3R
FE 73850 40N DA, MR{E 32 24E 5~10 R[], KAEH A TRILH R LR HIX, ~Fm]iE 10 H A
Eo Ctrl ik, SRR FEAH R XA R B i e, IREAE 10 RAE, #UEA
BEMS AL VLA Nl AL 2w Fg s T PG SE AR KAB 70 A, (Ho2 105° E LAZRYEH P9 ) 3 2l X A T4
JEERACIX, IE{EAE 3~5 K, AREEEIH gL A b RSB At (& 3b).

& 3 FE 1, EAEFFHRmAN A (HEKE=20mm KEE, B R
Fig. 3 Same as Fig. 1, but for summer mean heavy rain days (daily precipitation >20 mm, units: d).

M Ctrl X5 BB 22 70 A v DL e RO s R BAZR B . iS5 X R RS H B0 B 2 W %
P ZE MR AR ATk 10 R LA b s 3R M pg 28 TR DX M o e /K IH Ot 26 R B 25 2> 2~7 R, KL TRl AL EA
R Xl /D AT 7 R BA B, ARAEHBIX (/> 1~2 K (Bl 3c). XfEE Ctrl i3, hydroPHS 58 78 e R LA AR ) 1]
7. FE X K H R b 2 RULE, HERESHMXANHEINZ 1K, Kk fdih X 8%
W2k 1.5 R, ARACHIXIEL 0.5 K, AR08/ 7 i R H BB m 2 (B 3d). XU
7K 175 5 CHEAM BE 06 250 v [ B R K U S S A PR AR ZR A, RE S $i w5 3O 3/ 2= KR ) i)
BAUMEBE -

g LATR, MWK 177 R RSO BENS 25 HE T CAS-ESM2.0 X HH B B R FFK MBI ERE . 45 & 1d.
Bl 2d. B 3d FTRURIR, BEKAEALA B 7E 30 =-35N Ya [ PARX B 9 B35, FEAFEKILH T F 2 sy



358 DA K 75 e S ML X

BARIRRBNG IR — B4 1 T hydroPHS 56 LA & 30 235N i [l P L e 2 T3 P F) i 97 475 490
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Figure 4 Summer mean differences between hydroPHS and Ctrl simulation (hydroPHS minus Ctrl) of (a)

total cloud cover (units: %) and (b) longitude—vertical sections of specific humidity (shading, units: g kg™)

and vertical circulation (arrows, combined vector of vertical velocity and zonal wind, where the unit of

vertical velocity is 10 Pa s and the unit of zonal wind is m s') averaged at the 30 35N latitudes.
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Fig. 4 Spatial distributions of summer mean soil moisture (units: m® m=3) differences over China during
1981~2014 : (a) Ctrl simulation biases compared to observations (Ctrl minus ERA5-Land) for 0~7 cm topsoil;
(b) differences between hydroPHS and Ctrl for 0~7 ¢cm topsoil (hydroPHS minus Ctrl); (c) Ctrl simulation
bias compared to observations for 7~28 c¢cm subsoil (Ctrl minus ERA5-Land); (d) differences between
hydroPHS and Ctrl for 7~28 cm subsoil (hydroPHS minus Ctrl). Dotted areas denote the values significant at
a confidence level of 95%.
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Fig. 5 Spatial distributions of summer mean surface sensible heat flux (Units: W m72) differences over China
during 1981~2014: (a) Ctrl simulation biases compared to observations (Ctrl minus ERA5-Land); (b)
differences between hydroPHS and Ctrl (hydroPHS minus Ctrl). Dotted areas denote the values significant
at a confidence level of 95%.

FRURIRBIGI AT, a gath 7 Ctrl 350 08 POl SR m 22 70 A0, AH LIS A4 52 0 6l 25 A7 i 22
KAE X 3= B+ R A PR LA S R E AR X, ik 16~32 W m2. #5RIRIRBIFI IR, b >4 hydroPHS i
IeAHEE Crl 58 (178 Hul B2 . SRR, hydroPHS 58 H-KVT A T i 28 Al X DL & 3 ] v v 5
M X FAGE R E N 5~15 W m2, e SR PR A N B Dy B2, IE{EIAF) 20 W m™2.

6 FE 5 {EAMEBHHRER (B Wm?),
Fig. 6 Same as Fig. 5, but for surface latent heat flux (units: W m-).
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Fig. 8 Spatial distributions of summer mean plant canopy evapotranspiration (units: mm d*) differences
over China during 1981~2014: (a) Ctrl simulation biases compared to observations (Ctrl minus ERA5-Land);
(b) differences between hydroPHS and Ctrl (hydroPHS minus Ctrl). Dotted areas denote the values
significant at a confidence level of 95%.
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Fig. 7 Spatial distributions of summer mean sea level pressure (units: Pa) differences during 1981~2014: (a)
Ctrl simulation biases compared to observations (Ctrl minus ERA5); (b) differences between hydroPHS and
Ctrl (hydroPHS minus Ctrl). Dotted areas denote the values significant at a confidence level of 95%.
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Fig. 8 Spatial distributions of summer mean 850hPa wind vectors (units: m s™) during 1981~2014: (a) ERAS5;
(b) Ctrl; (c) Ctrl simulation biases compared to observations (Ctrl minus ERA5); (d) differences between
hydroPHS and Ctrl (hydroPHS minus Ctrl).
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Fig. 9 Spatial distributions of summer mean vertically integrated water vapor flux (arrows, units: kg m? st)

and the divergence of the water vapor flux (shading, units: 10 kg m s%) during 1981~2014: (a) ERA5; (b)

Ctrl; (c) Ctrl simulation biases compared to observations (Ctrl minus ERAS); (d) differences between

hydroPHS and Ctrl (hydroPHS minus Ctrl).
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Fig. 10 Spatial distributions of summer mean precipitation (units: mm d') over China during 1981-2014: (a)
Observations; (b) Ctrl; (c) Ctrl simulation biases compared to observations (Ctrl minus CN05.1); (d) differences
between hydroPHS and Ctrl (hydroPHS minus Ctrl). Dotted areas denote the values significant at a confidence
level of 95%.
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Fig. 11 Same as Fig. 1, but for summer precipitation interannual variability (units: mm d).
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Fig. 12 Same as Fig. 1, but for summer mean heavy rain days (daily precipitation >20 mm, units: d).
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Figure 4 Summer mean differences between hydroPHS and Ctrl simulation (hydroPHS minus Ctrl) of (a) total
cloud cover (units: %) and (b) longitude—vertical sections of specific humidity (shading, units: g kg™) and vertical
circulation (arrows, combined vector of vertical velocity and zonal wind, where the unit of vertical velocity is 1072
Pa s7! and the unit of zonal wind is m s!) averaged at the 30=-35<N latitudes.
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Fig. 13 Spatial distributions of summer mean soil moisture (units: m3 m=) differences over China during
1981~2014 : (a) Ctrl simulation biases compared to observations (Ctrl minus ERA5-Land) for 0~7 cm topsoil; (b)
differences between hydroPHS and Ctrl for 0~7 cm topsoil (hydroPHS minus Ctrl); (c) Ctrl simulation bias
compared to observations for 7~28 cm subsoil (Ctrl minus ERA5-Land); (d) differences between hydroPHS and
Ctrl for 7~28 cm subsoil (hydroPHS minus Ctrl). Dotted areas denote the values significant at a confidence level of
95%.



SH.Clim Bais(Wim?)

- Ctrl

550N L 559N 1 1 1
(@)
45°N — r 45°N — "
35°N L +
’

25°N | T 25°N

, o |

\ -
3 o ol W Feo - v/ - . a | \ o
15°N T T T T 4 T 15°N T T T T T — T
70°€ 80°E 90°E 100°E 110°€ 120 130°€ 140°E 70 80°E 90°E 100°E 110°E 120°E 130°E 140°E
30 24 18 12 -6 0 6 12 18 24 30 s 10 5 ] 1 0 1 2 5 10 15

Kl 14 1981~2014 fFrh [EE F PRGN GERE (A W m2) ZREZFE G (2 Crl iK% 50
MM 2 (Ctrl 8 ERA5-Land); (b) hydroPHS {48 5 Ctrl {58 A 2% 55 (hydroPHS 78 CtrD . B H14T
X I 95% 5 E PRI .

Fig. 14 Spatial distributions of summer mean surface sensible heat flux (Units: W m) differences over China
during 1981~2014: (a) Ctrl simulation biases compared to observations (Ctrl minus ERA5-Land); (b) differences
between hydroPHS and Ctrl (hydroPHS minus Ctrl). Dotted areas denote the values significant at a confidence
level of 95%.
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Fig. 8 Spatial distributions of summer mean plant canopy evapotranspiration (units: mm d-) differences over
China during 1981~2014: (a) Ctrl simulation biases compared to observations (Ctrl minus ERA5-Land); (b)
differences between hydroPHS and Ctrl (hydroPHS minus Ctrl). Dotted areas denote the values significant at a
confidence level of 95%.
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Fig. 16 Spatial distributions of summer mean sea level pressure (units: Pa) differences during 1981~2014: (a)
Ctrl simulation biases compared to observations (Ctrl minus ERA5); (b) differences between hydroPHS and Ctrl
(hydroPHS minus Ctrl). Dotted areas denote the values significant at a confidence level of 95%.
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