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Technical Pathways and Applications of Regional Earth
System Models for Agricultural Meteorology
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Abstract; Under global climate change, frequent agricultural droughts, heat stress, cold extremes, and
other climate-related hazards pose increasing challenges to agricultural production and food security.
Traditional agricultural meteorological models generally rely on offline simulations driven by prescribed
meteorological forcing, making it difficult to represent dynamic feedbacks between cropland surfaces and
the atmosphere. Compared with global Earth system models that focused on long-term, large-scale climate
evolution, regional Earth system models ( RESMs) with relatively high spatial resolution and improved
representation of complex terrain can provide more detailed simulations of local- to mesoscale weather
processes and the effects of cropland surface conditions on regional meteorology, thereby providing a
modeling basis for regional agrometeorological impact assessment and operational applications. Recent
applications in simulating extreme and compound agricultural meteorological events, representative
agricultural regions, and agricultural meteorological prediction and decision-support systems were further
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discussed. Existing studies indicated that dynamic crop parameterizations and their online coupling with
land — atmosphere systems can improve the representation of agricultural feedback processes, while model
applicability depended on research objectives, spatial and temporal scales, and observational constraints.
Nitrogen cycling had gradually expanded from internal land-surface productivity regulation to coupled land —
atmosphere — chemical processes, whereas regional online coupling of phosphorus cycling remained under
included
parameters, simplified representations of extreme-event impacts and recovery processes, uncertainties in
and limited This
development of RESMs for agricultural meteorological applications, focusing on the relationships among

development. Current challenges insufficient regionalization of crop and management

multi-process interactions, observational constraints. review summarized the
regional climate models, land surface models, crop models, and regional Earth system models. The major
pathways for incorporating agricultural processes into regional models were systematically reviewed,
including crop growth processes, land surface water — energy exchanges, agricultural management
practices, and biogeochemical cycles. Future developments should focus on high-resolution simulations,
multi-source state and parameter assimilation, modular coupling approaches, physics-informed artificial
intelligence, and enhanced integration of regional models with agricultural meteorological services. This
review can provide a reference for advancing regional Earth system models in agricultural meteorological
risk assessment and decision support.

Key words: regional Earth system model; agricultural meteorology; regional climate model; agricultural

process coupling; crop model
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Tab.3 Major technical pathways for coupling agricultural processes into regional atmospheric models
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Fig. 1 Evolution and coupling hierarchy of regional Earth system models for agricultural meteorology
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Tab.4 Multilevel evaluation framework for agricultural regional Earth system models
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Tab.5 Process indicators, operational forecast lead times, and model requirements for major agrometeorological hazards

KEFT PYY s TEE A B R B Bt BT R B R
o WET = Bt VR T i 8 ROk ZeCT it Sl PR S KA 10~30d %5, R 7 . 10
R S KR KA HEWE R A BTG L
- TR TRRSEME R TR FEMSH W R R TR 0~ 10 d, 36 10 ~ 30 d; TR
i FRILE BB 0 S A R R
R B R TR TR BB B SRR A 0~ 10 d; R AR ST S A Wi A
WA W P ISk
S e gk BTUE ORGSR RRBUS 010 4Bk I KB
Kl W AER TitE
AR B st IR LI B R TR 0 10 d; KU R4
x % 2R
g R PR RI RV B B BT B ARSI AL
i i R atis WA T 30645 0
I B8 S00 Sk 2k ) FME L P A G X e S e A = B

Ko BF 5% 2 B T 5 b 98 R A 9 B R B R
ISBA/SURFEX ¥4 4 ) 46k F1EE 188 e A B 284 i 181 T
£, REM02020 — iMOVE 3l 11 3¢ B =CAH 9 A1 I8 vF
£ 75 T R B — < 52 0% RegCM — ES, COSMO —
CLM Fl GCOAST T 5t & A& & ifg — fili — < S A% Ui A
A EOR ke RGO X b o R R B
TSR G EA PL 3 AR i Tl B 7 08 i 72
AT AL, ARl iy 75 7 X s Bk R 40 se etk 51
Yy G AN 22 A LA , LA Ay 3 R 22 P8 )2 Rl A i
R gl e R Y R AR R

YK R X R 7R T Al DX IS ARl ) R 58 i) F g
JTT R, FUK)Z I B A 8 A Ak JROR S
F [ i KRG AR K DA R H e AR Ak T R HE

— A AT ST ke | T B SRR T K B AR
A SRR ER A e M B AL . HOR R D7 1)
SR T DX 3 e e A A i 2R ORI B 5%
PAVED) A ) ek AL R PP A 22 F RS B T A
SR I i RE T HEAT R R Xl F

it DX ST ST 2 T, A 0 R AE, B it G 4 1
2545 XSO P B AT BE T AP E . X mT 0 9
DA AT G2 35 6 g I i R T J) b B 1 2 T
RO (AN R G 18 i W3 e 38 55 K R e 2R
& AT O BONGCE RSN AR , 1A BEUK IR
R 2 TE) 0045 P4 038 0 T S ] X AR 2
TR | EBEWEFE I B IR B Fo A pRe ]
6,

Fo BEILR RN AR
Tab.6 Model applications in representative agricultural regions
X/ # 4t RFH AL F ST A B A B i o o)
WRF — Noah — MP — Crop , X{ %% " Y SR AP EE R MR K S A A XU
EESR | SR HEBE A AR .
e (A5 = TR i st A 25k
oah — YAt ] _ 1;_7: ST g2 N |\ AT‘E’TQ —.é.—/ ,*r;i%%w x/\L).J—i
S Noah — MP 1 ¥ ## % . WRF jt)\AT”ZQFHLEEM‘E et 1@%‘3354 ﬂ%lxjkﬁiumq& m‘n\##$ O e
ELM Fhi <A i o8 AR [ S5 0 X3S B 8

ISBA/SURFEX , REM02020 —
iMOVE (RegCM — ES/GCOAST

WX/ b v o

H P B R DX R Tl T Al 2 A R O
2

FRIHERE 5 A A B A DA
FIT B S i BRI 5T
AV A BT 5 K B
ERAE2E U R VAN

TEE 5 BB KR 2R

BUK 774 KA CH,/

PEYY i il 7 e 5 R 5
ilia

DI | 3750 70 2 H
PRALASH 5 T

3.3 RUSKHNSTEM

ARG T 7 ) s 2 e T 4T s sk A e R Sk
G IR LI 5 v] B IS W0 1A A ORI X 42
0 ~10 d A REE AR DX 38 8 oy 450 =% 5 B e
T AR AR XU TR A % BT, I DA SE B 4 18 oK
R YR RIS TR LG R, AT AR 55 TREE S )
St Bkt HEDT | m AT B LA S SCER S e S H )

PEAPZ2HE 10 ~ 30 d FiE ) 32 22 M) A il e 2 A2 Ak
FWIHRAE T 8 TR Kl R p
R, Al A B Be PR A A R e A0k
7 e A AR BRI 3 A - Z= 1 ROBE M HR I Al b 8
BT R AN A, T R AEYPIRAS RS B
AL R R, AT — 20 SRR 5 A e |
7 VR TR PG 0 R AL 2 5 A B 22 A B I il 55



40 ¥

b Bl R

2026 4F

FfAE ] B2 I A% M TR, ARFE 2 UM
ZAFESHRE R 5, AR REAS BT B
S PR S3FE E BE

ol TR W H AR # % &R 48 ( Tropical
Applications of Meteorology using SATellite data-
Africa-wide Lightweight Early-warning and Reporting
Tool , TAMSAT — ALERT ) &SI B A6 Wi | [y sl A4
RS MBI A, 5 |l BEWLIN BB A Mh A A1) 44
M0 S FIRRA HE — 2D AR 1 AR A XU T9000 114
TR AT ARl K4 B X (China Agro-
Meteorological Model, CAMM ) & H. A5 1E %) Fll ¢ E 1
LR X ek R G A AT 4R e B — B
G LIEARYPIRES M 55 BRI AP 70 5 R S5 K
& B AR SS 7 s 3 AT DR R 22 1T 1
FIMEAR 5 b BRI, il 55 F A e =0 A 5 T 41
PR T W BOH G T 5 A ARIR BT L
FIE T UGS

b5 VT I X530 5 P RS i, R
OG5k A IR TR] 2 W) iy P T i 3R OMHE S R 4R
B RO ATRERE 3 HERE ) AR A HERICR s %
M 288 77 it i IO A 0 BB AE B S U L KU 25 R I
LA PR SE AL, 9 F B AR A 4 26
Rt o AR DX M A TS, AN B B R B B
T 0 B DX R A S DA DU 5 £ B 2 A
BRI AR AT E M, AR LA S 2T
¥ ( Agricultural ~ Model
Improvement Project, AgMIP) 5 4=ER 4% /E P15 7Y Lt
i A = VAR VRl ) BN W ) Y | A e
BRUT S0 KR OGHIF ST 2 W, A= 1 R TR 43 X
IR AR G (HAIUR A2 7K 43 29 SRR BT S5 it 1
B2 XITE R R F 50 B TR < AR ) KR
SR [RIVE PR A [ AR A A ] RS
ZBETE SR iR R L TS
HETESTE

4 FEMTELRFE

4.1 KFEXETEZMH

DX gl o B S R AR A A S s e N
RN S AR ENE . B 2 R INRERS 51 AGH Y
5%, (BN ZH A B RIR 22K, TELH
B W i 22 ] O S AR A R VR
s 2 3L 23 R A i 2 10 5 R B )= fi R 22 A O3 ]
TR, kD AL, 52 A8 Al fE Jd i A
R 2B 5 A AR AT ™ e ol A, I AR
I, AR PR RIT JA FFE 4 O TG /I FE 0 S Bt e it
YU, 38 G Y i M 3 i R A R RS Y

Intercomparison  and

TEFRABTH 2501 T UL F 6 U A e (A UM R
SEE AR ) AN T RE IS 2 o O B KR
SEAE — B 2k il - AR A )2 PO 5 R B L EL ST
25,

233 [ RUBE AN VG fi 2 DX S Ml A A A7 7 1Y) 285
PRI, SRR MG 8 ARG BT AR
HURA TG T30 A i AN — B, X 07 545 B S 40
WHELL RN AT R, TR REER K B AR N R A
TR AR R BB L S ) T b )RS, L v 20 5
RSEREY I GERE AT BE BN Hr 1 R BER 2275,
IV K AR i 5 (45 VR 2 AR A P T AR
H) GRS AVEI A & (TR — A4 A () 20 8L 5 1 3
(ARG ZRAE ) PR AL BE S 500k (R 10V 0k | it e
SRR ZE 120 A5 FEAE ) | 454 Hi e 32 JB RN A b
Bevtxt AR o S BT T2 R

AN R R R IR B 22 2 AR, g e i 5
SERIE | DX R A B AR |l VR D S5 LR R
B SBUE RS IS s - TR . BUA RS R HAR
B RIKS AR 2 8, ME DL A B XU 9 Bl il
ffFpokIE 5, BUCR 5 B RS BARRS , LUK
DO B i o BER Bl 1 SR A R R RN 1, L
H A RASE 22 i TV ) 25 A 5 il A L S5 A R
EME DRI SEC A SR RIR S A A
TGN EPE, AN, B LA H)2 1E
FIES L | 340 I S R A it 41473 TR 1) T S
623G i B g B s DX A T 3R A 1, 3l XU
EHELEE,

4.2 XEBEXERAME

DX oA 5 I ) A1 i o ROGE S AT 43 1) R
RegCMS5 . ICON — CLM FI#F—AX WRF e & 425 17X
50 R AR MR B TR ORD R M B R B A AT RE
FyPTEBL SRR BN T VAR 2R R B AL
ot DIy B RO S PR R RRT KRS | P R XUy s sy Uk
ER, Rl ARG 0 HORS A0 AL T JE 1 3 7 9
filt, (AR AT A2 KA R A |+ 38— 0 (R4
BRI . AR LS TE K o kR XA
T e ks B A TR ROBERSEHRL, i AN i X
R TF S AE I W

B A RE B 245 ) 2 2% B AR o m 4 1 ¢
Bt OASIS3 — MCT ESMF F1 LILAC Z5HE 28 #0145 K
BT K SCERAE Y S B S T K, IR A A v R
AR 25 F S 250 SR AR R A R F A
ANFEVEY)/ Bl TSR | 058 4 2 3R By b AS 784 7y 3 1o
[ECIUNES: IS (S EARE R AT TS L /B (B U
2L Mt | e FLBE B A A5 SO ) [)SF-2 J7 2C (B
B /IN S5 18 ) | <7 18 A2 8 17 o e 5 0 B gy i



22

SEBI A5 T A R A DX It 2R R SR AR A 5 N ] 41

RERY (A BRI, 45 WA 5 o BB _F s AT IE w1
YIEE ERE A A RIS,

AN THEREHTSHE WZEITIE Mg S
Bk TR R RS R AL EE, i SR Bl
HUER 2R ST BRI R 2 ) 5 i R R GS 51
B RUEE S e LR A TR BB Ry I kAR AL
MM ERESWEZETE™ | Al X
Fadd i 42t BEA S 4 Rk BB = IR AR,
N T g2 >0 S 7 43 ELME L S X 365 1 5k 22 0
DS o A 5 DI PE A A 200451 25 o S AR e AT 1 5 IXC
A AP PEAG A S A AN AR Y
PRERER AT fi e
4.3 BREXBEXSRLSFLEHE

FEEIE A RIEMS .CWRF 1 CAMM % BA R
A AL A AR Al RIEMS ] 5 £2 F8l 2 J2 i A A
KIGE SIS, CWRE U 5 5 57 o X3 R R A AR
L, CAMM K A Py i 1o 455 B v 1] /R | 9 3
(EEE L) A NE i R A (TR 7§
Sy RIEMS HF K BIE SRUR &K - 55
[FARFFE , CWRE 3 HAth X8 A X 4 4t o 43 R
KGR, CAMM B AE PR HO R 40 5 F P | 0 &

LK SLy S SV

DMFIRIE & 15 e 7 L ST IS e 2 bR A
Fe 0, FERNEHE B RS TR E Y 2T R R 3
WO | A R T RS KR AT B AN g
JEYE, I XA AR Gl G v | eI | R
Gy i B G — WA | 255 ) RO FIAS At
XK ABEA I VEY RS AL RE R 4 b AR 8
JE R B AR A B BT R A A 5 1 i T &R
8 1) KR [l RR ef J2 e B B R R MRS B R
g Ko R HE T ) A FREE RN 1Y R A
o e T A% R AR A RO A AR R 2
X RUTE VL AL i F % 372 43, Noah — MP —
CN 5 WRF/WRF — Chem 7E£EHHA R Rt 3 1 42
#7524 45" ORCHIDEE — CNP JULES — CNP #
ELM — FUN WA B 2 A ) 1t 3 BEURN 57 53 40 BRI o
AREE TR T 20 AR B AR
Bl BB R, OB H S — A E L
RNER S Sy W L il e ot

T[] b A3 PR R], XA A T 248 3 A
H B EERLGE ) . QU BN K B A S
K55, Noah — MP 7E%5 P4 P4 BL in] it 3k 19 7K SCPEAT R
TR ZEBUR R b K it 22 ) — St 2 BRI TR R
PEFEBS S QW 5 A5 2 0 A% 2 1] A RO s e,
SMAPVEXI15 #5373 F 30 m 43 ¥R (] 3k H e )L
J&) 1) HydroBlocks ## 5 7 #¥ 8B ALRE i R 4%

Bk R A TR L S0 R, 3 I v 43 9 R i v A
PURT 1 oA 32 J2% 56 I A R [ Ak B R B R R
@ T2 AE b FR 3k . E3SM i 1 A5 XX 6%
MG T AR AR R AR U AR O N Y e 2 B A
WL MBI 3R 3 2o 7K BRI A B 5o AR A R A 3 -
A ke 1 [ R T B R A
JE A FRAR AL IX S Ak 33k, O MEY R SRR
RS AL

i AR S A SR FH o W B B 2+ LA 4 I 1)
B B XIS B R 55 A6 56 | P I 1
A HE 55 ) = 2 5 0 1) DX 3l O g A 7 1
TFREAE LA A i S KR - BRI 0% R Ak
HEHHIRIRAS U BES B AFAT BT
R ACE IR T I SR AR AR
WAESR , BHIF-5M0 55 22 10] 10 e 37 4 BE AL LR ¢
EATFEMLE ARG B0 45 40 0 B 5t = S X Sk Ak | [
flsgms AaCab A AL A v, X SO R S-S
O TR AT RS2 W B SR 5l 55
o 56 2 1] 1) AL B O R A&l 2 i

5 #ig

(1) T [ Al S5 0 X Bk 2R e 3y X s
KA SEAEY) b F2 0 Bifi 1] 0 2 7 2 K<l
THAEY) FR G0 S Fe B} 2 ) AT I B 9 7K SC T AR
HBR AL RN Bl o3 it L R4 i 2 Ak &
AR — Rz R, Aol Rk B s
PR 2R R A SR RN B AW AR AWK P AIZE
H AW, I35 AR5 BRI % SRR B U5
AR, TEAE Y M ER AL 7 1), A A E H Noah —
MP — CN 45 bfi 1 N # B 2R, 7 e 21 v RS ST 1
TG S A S HE T ik — TR B FE 2B 5
HEFR I 3 B A/E ORCHIDEE — CNP . JULES — CNP #
ELM — FUN &t 1 ss = v & i | (H ) IX 3l el <5
RSB TRLME,

(2)TELME S AR A E Y5, 5L
3 FH T T I A ek L 0 )23 T A8 R g b R AR 5k
A R , B Z R R A it A D) R ) A B
e A AT T B8R AT R DL 25 T 1) AR
Uiy S T 5 5% e PEAN BT E B R
e g AR BRI E So™ 1 5 IR A0, I
B RA BT 2375 RN S A RUBE SR I AS [ 114 49
ik EE W EFITM Ik, AT 2y X sk
IR s sl DR i, MR EY 58
SRR IIACA R W i B 45 5 K 52 4o A T Ak
TGN WL R T3 DL SR A 152 22 FIE R
i P DA BRI



40

P A1 R = 4 2026 4F

I/_'x AL l*ﬁn
B 5 R ATV T
gy ) KEMTT &
PG s ) Wb 2
B REE S UKy S5 R
e G R
- I = Taams
RE-SEBARE | 23y K SRR S L
AR SR | REEE B 5 P 1
HERL Ui TR [ &akR ] shmkan fof siten | | s gmmy | T2 10
N N B | i K
- REMNL S | Q5 : vy AP S
L lmn || [ e | sl |
= ! '
AT A p B %
P A | EERA GG | Y\\)\};@%
e W ~r M5k
A 55 Fea 5 BT - F R R S iR < e
YR RO T S Y ?ﬁr»ﬂlﬁunﬁj@bﬁ
BT S R T
%@ﬁﬁ@f SRS T
ZHY X8 N “_,_\./ ;; e
K2 N 5 B T 7*&@ K ﬂ.i}"\tz El'fl*x"ﬁ'f
AR R ILE 5
<> LR B
> VR pS gtk KR A R | RATH | WRELE | DO | BUREORES iR

—> [ ST

B2 X Bk R G SO TG0l 55 B PR E SR

Fig.2  Closed-loop framework linking regional Earth system models with agrometeorological services

(3) RN VIR BB MR- AW K% RS E] al B i A K A8t Rl 55 A e 4 1, X

JEUOI P S Zeilh SEBEXT AT 0 By 2 S An OBk R e L G ph AL S 5 2 HER SR
WAL S0 Z RS- SRR BEE R AT BRI DR ANEYRE fll K F FFIHFEA

BhE

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

PRSI RR AW OKSCHEY B ER LY PRESON AR BN S 2 H AR SR S EE

2 % x #t

IPCC. Climate change 2022 impacts, adaptation and vulnerability: contribution of working group ii to the sixth assessment
report of the intergovernmental panel on climate change[ R]. Cambridge: Cambridge University Press, 2022.
Ray D K, Gerber J S, MacDonald G K, et al. Climate variation explains a third of global crop yield variability[ J]. Nature
Communications, 2015, 6(1) : 5989.
Lesk C, Rowhani P, Ramankutty N. Influence of extreme weather disasters on global crop production[J]. Nature, 2016,
529(7584) . 84 -87.
Zhao C, Liu B, Piao S, et al. Temperature increase reduces global yields of major crops in four independent estimates| J].
Proceedings of the National Academy of Sciences, 2017, 114(35) : 9326 - 9331.
Vogel E, Donat M G, Alexander L V, et al. The effects of climate extremes on global agricultural yields[ J]. Environmental
Research Letters, 2019, 14(5) . 054010.
Lesk C, Anderson W, Rigden A, et al. Compound heat and moisture extreme impacts on global crop yields under climate
change[ J]. Nature Reviews Earth & Environment, 2022, 3(12); 872 - 889.
Seneviratne S I, Corti T, Davin E L, et al. Investigating soil moisture-climate interactions in a changing climate: a review[ J].
Earth-Science Reviews, 2010, 99(3 -4) . 125 - 161.
Koster R D, Dirmeyer P A, Guo Z, et al. Regions of strong coupling between soil moisture and precipitation[ J]. Science,
2004, 305(5687) ; 1138 —1140.
Zscheischler J, Martius O, Westra S, et al. A typology of compound weather and climate events[ J]. Nature Reviews Earth &
Environment, 2020, 1(7) : 333 —347.
McDermid S S, Mearns L O, Ruane A C. Representing agriculture in earth system models: approaches and priorities for
development[ J]. Journal of Advances in Modeling Earth Systems, 2017, 9(5) ; 2230 —2265.
XISCH, FOEER, AR, A5 BRI AR K R A BRI TR SR [ ] R I RR S M Bk 27, 2025, 55(3)
669 - 685.
Liu Wenfeng, Bai Yawei, Du Taisheng, et al. Advances in regional-scale crop growth and associated process modeling[ J].
Scientia Sinica Terrae, 2025, 55(3) : 669 —685. (in Chinese)
PRGBSt o R XS IR R DTSR (0], PR i BsRRL:, 2018, 49(3) : 487 —498.
Xu Zhongfeng, Han Ying, Yang Zongliang. Review of dynamical downscaling methods for regional climate[ J]. Scientia Sinica
Terrae, 2018, 49(3) ; 487 —498. (in Chinese)

Giorgi F. Thirty years of regional climate modeling: where are we and where are we going next? [J]. Journal of Geophysical



5522 1] SEBI A5 T A R A DX It 2R R SR AR A 5 N ] 43

[14]

[15]

[16]

[17]

(18]

[19]

(20]

(21]

[22]

(23]

[24]

(25]

[26]

[27]

[28]
[29]
[30]
[31]

(32]

[33]
[34]

[35]

[36]

Research; Atmospheres, 2019, 124(11) ; 5696 —5723.

Giorgi F, Gao X J. Regional earth system modeling; review and future directions[ J]. Atmospheric and Oceanic Science
Letters, 2018, 11(2): 189 - 197.

SRKE, WUKA, SRR, XEOBIR RGBT T]. KRR, 2024, 47(2) « 216 -223.

Zhang Han, Dai Yongjiu, Zhang Shulei. Advances in regional Earth system models [ J]. Transactions of Atmospheric
Sciences, 2024, 47(2) . 216 —223. (in Chinese)

HRHE, FEH, ARk, . DOk 22 G0 U (RIEMS) A0 R ik e SRR B[ 1], Bhoil 4, 2026, 71(13) .
2896 -2903.

Zheng Hui, Dan Li, Fu Congbin, et al. Development and future prospects of the regional integrated Earth system model
(RIEMS) [ J]. Chinese Science Bulletin, 2026, 71(13) : 2896 —2903. (in Chinese)

Warrach-Sagi K, Ingwersen J, Schwitalla T, et al. Noah-MP with the generic crop growth model gecros in the WRF model ;
effects of dynamic crop growth on land-atmosphere interaction[ J]. Journal of Geophysical Research; Atmospheres, 2022,
127(14) ; €2022]JD036518.

Lu Y, Jin J, Kueppers L M. Crop growth and irrigation interact to influence surface fluxes in a regional climate-cropland model
(WRF3.3 - CLM4Crop) [J]. Climate Dynamics, 2015, 45(11 - 12) . 3347 —3363.

Asmus C, Hoffmann P, Pietikdinen J P, et al. Modeling and evaluating the effects of irrigation on land-atmosphere interaction
in southwestern Europe with the regional climate model REM02020 — iMOVE using a newly developed parameterization[ J].
Geoscientific Model Development, 2023, 16(24) . 7311 —7337.

Fan Y, Yang Z, Lo M H, et al. Applying double cropping and interactive irrigation in the North China Plain using WRF4. 5
[J]. Geoscientific Model Development, 2024, 17(18) ; 6929 —6947.

Kang S, Eltahir E A B. North China Plain threatened by deadly heatwaves due to climate change and irrigation[ J]. Nature
Commumcatlons , 2018, 9(1) . 289%4.

Liu G, Wang W, Xu H. Spring irrigation reduces the frequency and intensity of summer extreme heat events in the North
China Plain[ J]. Geophysical Research Letters, 2024, 51(5) ; ¢2023G1.107094.

Fan Y, Im E S. The role of vegetation dynamics in assessing irrigation impacts[ J]. Geophysical Research Letters, 2025,
52(12) . €2024GL114566.

Jeong S J, Ho C H, Piao S, et al. Effects of double cropping on summer climate of the North China Plain and neighbouring
regions[ J]. Nature Climate Change, 2014, 4(7) : 615 —619.

Liang X Z, Xu M, Yuan X, et al. Regional climate-weather research and forecasting model[ J ]. Bulletin of the American
Meteorological Society, 2012, 93(9) . 1363 —1387.

XU, RAF . BT — AU IR (CWRE) EI R[] FkR 2t 2017, 32(7) : 781 -787.

Liu Guanzhou, Liang Xinzhong. Progress of the climate extension of weather research and forecast (CWRF) model application
in China[ J]. Advances in Earth Science, 2017, 32(7): 781 —=787. (in Chinese)

Giorgi ', Coppola E, Giuliani G, et al. The fifth generation regional climate modeling system, RegCMS5: description and
illustrative examples at parameterized convection and convection-permitting resolutions[ J]. Journal of Geophysical Research :
Atmospheres, 2023, 128(6) ; €2022JD038199.

Pietikidinen ] P, Sieck K, Buntemeyer L, et al. Rem02020; a modernised modular regional climate model[ J]. Geoscientific
Model Development, 2025, 18(20) ;: 7907 —7949.

Drobinski P, Anav A, Lebeaupin B C, et al. Model of the regional coupled Earth system (MORCE) : application to process
and climate studies in vulnerable regions[ J]. Environmental Modelling & Software, 2012, 35; 1 - 18.

Sitz L E, Di SF, Farneti R, et al. Description and evaluation of the Earth system regional climate model (RegCM —ES) [ J].
Journal of Advances in Modeling Earth Systems, 2017, 9(4) : 1863 - 1886.

Reale M, Giorgi F, Solidoro C, et al. The regional Earth system model RegCM — ES. evaluation of the mediterranean climate
and marine biogeochemistry[ J]. Journal of Advances in Modeling Earth Systems, 2020, 12(9) : e2019MS001812.

Will A, Akhtar N, Brauch J, et al. The COSMO — CLM 4. 8 regional climate model coupled to regional ocean, land surface
and global earth system models using OASIS3 — MCT:; description and performance[ J]. Geoscientific Model Development,
2017, 10(4) : 1549 - 1586.

Ho-Hagemann H T M, Maurer V, Poll S, et al. Coupling the regional climate model ICON —CLM v2. 6.6 to the Earth system
model GCOAST — AHOI v2.0 using OASIS3 — MCTt v4.0[J]. Geoscientific Model Development, 2024, 17(21) . 7815 —7834.
Adam J C, Stephens J C, Chung S H, et al. BioEarth: envisioning and developing a new regional Earth system model to inform
natural and agricultural resource management[ J]. Climatic Change, 2014, 129(3 -4); 555 -571.

BT, AR, MEmEAC. XA BT 4 AU R 48 RIEMS2. 0 X Hh (B 24T B K R AR A ILRE S 4 [ ], BR2Ead iR,
2009, 54(16) : 2379 -2387.

Zhao Deming, Fu Congbin, Yan Xiaodong. Evaluation of RIEMS2. 0 in simulating multi-year precipitation and temperature
over China[ J]. Chinese Science Bulletin, 2009, 54(16) : 2379 —2387. (in Chinese)

HRus, R, MUK, 2. RRHEE R ColM 5 X UM 30 RegCM3 HUREG LA AL [T]. KRR, 2009,
33(4): 737 -750.



44 YA A VIR = ¢ 2026 4
Zheng Jing, Xie Zhenghui, Dai Yongjiu, et al. Coupling of CoLM with RegCM3 and preliminary evaluation[ J]. Chinese
Journal of Atmospheric Sciences, 2009, 33(4) . 737 =750. (in Chinese)

[37] TLevis S, Bonan G B, Kluzek E, et al. Interactive crop management in the community Earth system model (CESMI ) ; seasonal
influences on land-atmosphere fluxes[ J]. Journal of Climate, 2012, 25(14) ; 4839 —4859.

[38] Drewniak B, Song J, Prell J, et al. Modeling agriculture in the community land model[ J]. Geoscientific Model Development,
2013, 6(2): 495 -515.

[39] Osborne T, Gornall J, Hooker J, et al. JULES — Crop: a parametrisation of crops in the joint UK land environment simulator
[J]. Geoscientific Model Development, 2015, 8(4): 1139 - 1155.

[40] Lombardozzi D L, Lu Y, Lawrence P J, et al. Simulating agriculture in the community land model version 5[ J]. Journal of
Geophysical Research; Biogeosciences, 2020, 125(8) : €2019JG005529.

[41] NiuGY, Yang Z L, Mitchell K E, et al. The community Noah land surface model with multiparameterization options ( Noah — MP) .
1. model description and evaluation with local-scale measurements[ J]. Journal of Geophysical Research, 2011, 116(D12) .
D12109.

[42] Liu X, Chen F, Barlage M, et al. Noah — MP — Crop: introducing dynamic crop growth in the Noah-MP land surface model
[J]. Journal of Geophysical Research; Atmospheres, 2016, 121(23): 13953 - 13972.

[43] Partridge T F, Winter ] M, Kendall A D, et al. Cross-scale evaluation of dynamic crop growth in WRF and Noah — MP — Crop
[J]. Agricultural and Forest Meteorology, 2021, 296 108217.

[44] Yul, LiuY, Liu T, et al. Coupling localized Noah — MP — Crop model with the WRF model improved dynamic crop growth
simulation across Northeast China[ J]. Computers and Electronics in Agriculture, 2022, 201 107323.

[45] Cai X, Yang Z L, Fisher J B, et al. Integration of nitrogen dynamics into the Noah — MP land surface model v1. 1 for climate
and environmental predictions[ J]. Geoscientific Model Development, 2016, 9(1): 1 —15.

[46] Liang J, Yang Z L, Cai X, et al. Modeling the impacts of nitrogen dynamics on regional terrestrial carbon and water cycles
over China with Noah — MP — CN[J]. Advances in Atmospheric Sciences, 2020, 37(7) : 679 —695.

[47] Cai X, Cao Y, Zhang G, et al. Influence of terrestrial nitrogen dynamics on mesoscale near-surface meteorological fields[ J].
Journal of Geophysical Research: Atmospheres, 2024, 129(14) ; ¢2023JD040168.

[48] Cao Y, Ren C, Zhang H, et al. Dynamic modeling of ammonia emissions and nitrogen deposition via online coupling of WRF —
Chem and Noah — MP — CN[J]. Journal of Geophysical Research; Atmospheres, 2026, 131(2) ; €2025JD044260.

[49] Druel A, Munier S, Mucia A, et al. Implementation of a new crop phenology and irrigation scheme in the ISBA land surface
model using SURFEX_v8. 1[ J]. Geoscientific Model Development, 2022, 15(22) ; 8453 —8471.

[50] Huang H, Qian Y, Bisht G, et al. WRF — ELM v1.0; a regional climate model to study land-atmosphere interactions over
heterogeneous land use regions[ J]. Geoscientific Model Development, 2025, 18(5) ; 1427 - 1443.

[51] Zhang Z, Li Y, Chen F, et al. Developing spring wheat in the Noah — MP land surface model (v4.4) for growing season
dynamics and responses to temperature stress[ J]. Geoscientific Model Development, 2023, 16(13) . 3809 —3825.

[52] Wang F, Li Y, Li Z, et al. Enhancing winter wheat representation in Noah — MP — Crop for improved dynamic crop growth
simulation in the North China Plain[ J]. Journal of Geophysical Research: Biogeosciences, 2024, 129(8) : €2024JG008150.

[53] Liu X, Chen F, Barlage M, et al. Implementing dynamic rooting depth for improved simulation of soil moisture and land
surface feedbacks in Noah —MP — Crop[ J]. Journal of Advances in Modeling Earth Systems, 2020, 12(2) : €2019MS001786.

[54] Sacks W J, Cook B I, Buenning N, et al. Effects of global irrigation on the near-surface climate[ J]. Climate Dynamics,
2008, 33(2-3). 159 -175.

[55] Thiery W, Davin E L, Lawrence D M, et al. Present — day irrigation mitigates heat extremes[J]. Journal of Geophysical
Research; Atmospheres, 2017, 122(3) . 1403 - 1422.

[56] Valmassoi A, Keller ] D. A review on irrigation parameterizations in Earth system models[ J]. Frontiers in Water, 2022, 4.
906664 .

[57] McDermid S, Nocco M, Lawston-Parker P, et al. Irrigation in the Earth system[J]. Nature Reviews Earth & Environment,
2023, 4(7): 435 —453.

[58] Xu X, Maruyama A, Kusaka H. Improvements in the land and crop modeling over flooded rice fields by incorporating the
shallow paddy water[ J]. Journal of Advances in Modeling Earth Systems, 2023, 15(8) ; ¢2022MS003248.

[59] Xing L, Dan L, Li K, et al. Development of a paddy rice module coupled with the Noah — MP — Crop model[ J]. Atmospheric
and Oceanic Science Letters, 2026 ; 100857.

[60] BoY, Liang H, Li T, et al. Process-based modeling framework for sustainable irrigation management at the regional scale;
integrating rice production, water use, and greenhouse gas emissions[ J]. Geoscientific Model Development, 2025, 18(12) :
3799 - 3817.

[61] Goll DS, Vuichard N, Maignan F, et al. A representation of the phosphorus cycle for ORCHIDEE ( revision 4520) [ J].
Geoscientific Model Development, 2017, 10(10) ; 3745 —3770.

[62] Nakhavali M A, Mercado L. M, Hartley I P, et al. Representation of the phosphorus cycle in the joint UK land environment
simulator (vn5.5_JULES — CNP)[]J]. Geoscientific Model Development, 2022, 15(13) : 5241 —5269.

[63] Braghiere R K, Fisher J B, Allen K, et al. Modeling global carbon costs of plant nitrogen and phosphorus acquisition[ J].



5522 1] SEBI A5 T A R A DX It 2R R SR AR A 5 N ] 45

[64]

[65]

[66]

[67]

[68]

[69]
[70]
[71]
[72]
[73]
[74]
[75]
[76]
[77]
[78]
[79]
[80]
[81]
[82]
[83]
[84]
[85]
[86]

[87]

Journal of Advances in Modeling Earth Systems, 2022, 14(8) . ¢2022MS003204.

Manivasagam V S, Rozenstein O. Practices for upscaling crop simulation models from field scale to large regions[]].
Computers and Electronics in Agriculture, 2020, 175, 105554.

PN, SO AR A KBRS IS eI (1] PO T5E, 2019, 40(7) : 444 -459.

Sun Yangyue, Shen Shuanghe. Research progress in application of crop growth models [ J ]. Chinese Journal of
Agrometeorology, 2019, 40(7) ; 444 —459. (in Chinese)

Fang J, Wang F, Cai X, et al. ldentifying sensitive parameters of global major staple crops in the Noah — MP crop model:
similarities and differences[ J]. European Journal of Agronomy, 2026, 181 128289.

RO, BETT, W K, A5 MR ] SR RS BRI RE )] PTG, 2022, 43(8) : 644 —656.
Peng Huiwen, Zhao Junfang, Xie Hongfei, et al. Advances in integration of crop models and remote sensing information[ J ].
Chinese Journal of Agrometeorology, 2022, 43(8) . 644 —656. (in Chinese)

LEF, AaE, FHE, A PRV IEREEN(CAMML 0) A SR T ]. BIHIGEAR, 2019, 30(5) : 528 -542.

Ma Yuping, Huo Zhiguo, Wang Peijuan, et al. Development and application of the Chinese agricultural meteorological model
(CAMM1.0)[J]. Journal of Applied Meteorological Science, 2019, 30(5) : 528 —542. (in Chinese)

Jin X, Kumar L, Li Z, et al. A review of data assimilation of remote sensing and crop models[ J]. European Journal of
Agronomy, 2018, 92. 141 - 152.

Xu T, Chen F, He X, et al. Improve the performance of the Noah — MP — Crop model by jointly assimilating soil moisture and
vegetation phenology data[ J]. Journal of Advances in Modeling Earth Systems, 2021, 13(7) : e2020MS002394.

Nie W, Kumar S V, Peters-Lidard C D, et al. Assimilation of remotely sensed leaf area index enhances the estimation of
anthropogenic irrigation water use[ J]. Journal of Advances in Modeling Earth Systems, 2022, 14(11) ; e2022MS003040.
Zhuang H, Zhang Z, Cheng F, et al. Integrating data assimilation, crop model, and machine learning for winter wheat yield
forecasting in the North China Plain[ J]. Agricultural and Forest Meteorology, 2024, 347 . 109909.

De Lannoy G J M, Busschaert L., Bechtold M, et al. Advancing crop modeling and data assimilation using AquaCrop v7.2 in
NASA’s land information system framework v7.5[J]. Geoscientific Model Development, 2026, 19(6) ; 2551 —2575.

Cai X, Wu X, Huang H, et al. Disentangling the influence of precipitation on nitrogen loss in the Pearl River Basin[J].
Journal of Hydrology, 2026, 677 135809.

Lucas-Picher P, Argiieso D, Brisson E, et al. Convection-permitting modeling with regional climate models: latest
developments and next steps[ J]. WIREs Climate Change, 2021, 12(6) ; e731.

Asfaw D, Black E, Brown M, et al. Tamsat-alert vl; a new framework for agricultural decision support[J]. Geoscientific
Model Development, 2018, 11(6) ; 2353 —2371.

Black E, Ellis J, Maidment R I. A computationally lightweight model for ensemble forecasting of environmental hazards:
general Tamsat-alert v1.2.1[J]. Geoscientific Model Development, 2024, 17(22) . 8353 - 8372.

Rosenzweig C, Jones ] W, Hatfield J L, et al. The agricultural model intercomparison and improvement project ( AgMIP) .
protocols and pilot studies[ J]. Agricultural and Forest Meteorology, 2013, 170 166 —182.

Elliott J, Miiller C, Deryng D, et al. The global gridded crop model intercomparison: data and modeling protocols for phase 1
(v1.0)[J]. Geoscientific Model Development, 2015, 8(2) : 261 —277.

Miiller C, Elliott J, Chryssanthacopoulos J, et al. Global gridded crop model evaluation: benchmarking, skills, deficiencies
and implications[ J]. Geoscientific Model Development, 2017, 10(4) ; 1403 - 1422.

Jiagermeyr J, Miiller C, Ruane A C, et al. Climate impacts on global agriculture emerge earlier in new generation of climate
and crop models[ J]. Nature Food, 2021, 2(11); 873 —885.

Minoli S, Jdgermeyr J, Asseng S, et al. Global crop yields can be lifted by timely adaptation of growing periods to climate
change[ J]. Nature Communications, 2022, 13(1); 7079.

Reichstein M, Camps-Valls G, Stevens B, et al. Deep learning and process understanding for data-driven Earth system science
[J]. Nature, 2019, 566(7743) . 195 - 204.

Eyring V, Gentine P, Camps-Valls G, et al. Al-empowered next-generation multiscale climate modelling for mitigation and
adaptation[ J ]. Nature Geoscience, 2024, 17(10) : 963 —971.

Cai X, Yang Z L, David C H, et al. Hydrological evaluation of the Noah — MP land surface model for the Mississippi River
Basin[ J]. Journal of Geophysical Research: Atmospheres, 2014, 119(1) . 23 -38.

Cai X, Pan M, Chaney N W, et al. Validation of smap soil moisture for the SMAPVEX1S5 field campaign using a hyper-
resolution model[ J]. Water Resources Research, 2017, 53(4) : 3013 —3028.

Cai X, Riley W J, Zhu Q, et al. Improving representation of deforestation effects on evapotranspiration in the E3SM land
model[ J]. Journal of Advances in Modeling Earth Systems, 2019, 11(8) ; 2412 - 2427.



