





434 ZWEH AU AR A AR HEAE BT K LU AR T 2R 7 T R ) 2103

S i B A DURRIEY B B A RR B A B E R, R A R G A T 5 59 B SR AR
H 20 40 60 4EAR LI, [H A4 B A 25 B2 48 NPP BB G552 B, IR 28 MR R4 B RS T — &
1) NPP Al SRR | 2 B S e A 7 AR S RE A F SR A R LA R A B AR A PR AR AR 45 A B S 0 AR A
(1 CENTURY ,Biome-BGC .DNDC 4§ ) FHAE T 1y WA 5E A L A7 B A AL B, 3 3 A 4 A 30 i s il A 28 R 4
IR S5SMEMC R, RERS S WL IR AR (b X NPP (52, H AL 32 i T 2 Aok B BB 5T, 4 Cong
S5 I ILT CENTURY BRI T 0—20 cm A& H -84 HLARE E , Chen 451 3£T DNDC FERIRF 5T T M A8
PRI Bl 6T 8 - 55 D 2 2 9 HLER Sh A AR 7= (9 52 0 5 5 0 %51 3L F Biome-BGC BRI T 3%
T L DX A FH AR 7 7, R 2% e AR A B it A RE I, R R X — A A2, 2016 4F Hidy %' 2T Biome-BGC 14
I T Biome-BGC Muso #5775 & G A A [ 3Lah L3 T £ 2 1 3ERTH(0—1000 cm) , 51 A T Al L
A AL VE A A P R, H TSR BN TR AT S Y A T b, XA A S R G
B ELAT B G 038 M . SR, B T R L Ab s A T 51X, 2 A P AR 2 2R G ELA R 0 A< IR AL 4
FRFAF | AR BRI 1) S B0 % XSS LA TS T (s X R T A L S 8k e 36 5 — R A0k

ST AR ST AR IR AR DS RGN FERT 4, 55T Biome-BGC Muso ALK K b oK /NEZ |
FRAE = Fh £ AR W 1 5 A B A 5 S50 A B 2 5 B Ak, 48 7% 000 0 K AIE A B4 il XU 2 5% 1)
1979—2018 4FE R 1L R HAEZS RS0 NPP B 25 0 A FEAE , 43 Hr 35 XP A4 B AE R R 58 NPP B9 AHXS 51 #ik FAl &
VEF, BRIT AR AL MR it X A FH A= 25 2R B8 NPP 194 5 0 - 52 3 ‘0 )t i vt M o B L, DA T2 X
A AR S RGN R RAR AL FETHE S R G R e PSR ] 552 & R SR ARl R I S IS SR

1 BERBRSHRTE

1.1 BT XA

KL Ab e o7 T st B R H 1A X ALER (43°01'—46°13'N,79°53'—91°33'E) , Hi HvFg m LA, 0 45 /R 1%
5l AIGMN B B BIG M SRR S SRS SRt YT AT AU T AR
AT TS, AR LR 95598 km?, 29 5 B AR Y 5.7% (& 1) . R dt3 & T ilar KphbE A, B 2
RIT M, A FIEN LN, BRI R, e WIRFE e WRIED R ERAE TA R,

KAt SRk A v A AR BB 22 B ok i i A Al & R I b (] R R S & R < Rl b
el EaS HR X, 19 tHhad 80 ALK, B A ME Wy Ak A i A B o 2 SR S 1 b R ) A 120 ke/
hm* 302 300 kg/hm?® 5 B T 78 HEET 8 B R A 5 | g R FHOK i 52 B0 30 T R 35, AN 1417 mm 38070 % 803
mm, YHURVEYIFIRE SR IZ AR REER TR, ok NEE EE AR EEY), E R AR ik
YEY) TR FR 74% , R R A A B3 R 28 BTSSR, 78S A8 3 itk AE o 2 2 A0 75 5=
T, R IAEE X Bk T 5 IX AR A 25 2R 40 NPP BIFSE A SHLR A [X 3k

E1 #MREER

Fig.1 Overview of the study area

http ; //www.ecologica.cn



&t
B

2104 la SRS Bl 46 1

1.2 Biome-BGC Muso f&E 7%l

ARSI AY Biome-BGC Muso #5 %Y ( https : //nimbus. elte. hu/bbgc/theobase. html ) | i Biome-BGC 15 %1 it
HETR S22 A F A 56 T R AUL A0 A Wy M Bk AL 2= AR | 2 AT AR A 28 2R G2 AR A ) DA K Bl b A
BRGEHBER T NIK R Bk A A & R AR AE S R G A P IR S, BRI LL H O R,
HAZE S R RR R AR B R DR AR AR A S S8 S HOR B A RV 1 A= oy ek
Pl 2, FERRY GG B A IS 1 BB E T 51 (GPP) 1§ Farquhar FYEAVE IR TSR 2
XD,

NPP = GPP-GR-MR (1)

A NPP KRR R A7 ), GPP Ros WA 7 T, GR Rt A A W MR 3R 7 ) AE I IR

ABA 5 IR ) Biome-BGC BEALA LY 3N 1 2 2 IRt T R XAHY) = BB Wit ss . sk,
AT XA AR S R GER T T A7 B B, 51 ARRRE AR | EE SR S AL A B O AR T
A= S R GBI RS T

(1) FhE

BRALE A B Fe A8 7 R R IR BRI VE ) I 25 i ik B A A7 B 0T, At b b i A LAY ot 2 R
R PET  SRTTHAN IR A S R TR AR A KSR B . IE A KBS RS R T R EOR R
VOE M E TS BE AR ZAY T 25 SRS E . HAh SRR 8T 8 &k R 0k A FE , T
3 3o ] A 2RO B AR AR P OR T AR By LAl

(2) AR

BEAY I o S S PR AL B IE S A A B S A &, TERHEAS AR T 3E L&
H 1) 3R )2 13T 7%, H S PR AR SZ “ IERHR IR S8 Z S B T SE R S R, BE
A I ARG | LR R & AR O, AR, 1R AR KA SR AU 1 LR S R R LR DR ]
DRk

(3) VEBBLH

RREALNE W AR 2K LU A R K AL 3, WE /K 8 Se A et |2 R, Rl oy i A 15801 2 5 150K 43 3
Ao KArsrHe i HHEEM RS T B BRE , # K e i E R R BUR AR TEwARK, 1E
YR R SRR B R K TR KRN K e [ 2H

(4) WeFfekse e

BANSCR IR S % T KIRB i R G I B B BB IS R IS8 th 2R 4¢, T o 2505k 75 H
TEH R, Seitb A—>“ ImBGE A B S A0 A T T M0tk A R IOR B st R, 5 RAAFHANE 12,
YEIWOR E 4R vh T A K oK (B AERUY % R AE R IR I B BOW AR A B R I i ik B2, e b, AR WO AR )
Flb e R H LU K o> B S 28 KR A S 5 R 8K IR

PR AR AN P 2, 602 =N B W1 BR AL B B ( Spin-up ) J2: M 386 AR AR 46 K I 1R i2 47 31
foik B IRAS N AR S R GEIR B PAPIRZS s i B (Transient) J5 ShFESECHZHLE], #F CO, HREZ 5 A
TORE VTR (BT 1 2 I 2 S BroWl I 7K - [A] 20 5 1A 328 4 728 A 1 45 38U it DA 2 o 3R 490 8 72 5 TE xR 0L By Bt
( Normal ) 2 T TR AS A i SR HZ AR Zh A28 A0 i S8 bR B B Bl 5 56 2 045 B0 7 22 404 T H AR it S0 BE 4L, 2
BRGIRFFNEIE SR 4R
1.3 HdEikic s At i
1.3.1  BEORIBK S E

AT IR S B S AR WD RESE AL DEM (R4 B3 CO, MR | RTTRE ARNE Wyt AR A S5 4tk , 1
W1,
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VIAILH B
| R R Biome B{EC Muso
| P | aAzgmirs |
Ry HEE
N 10me uso
| TR !
| — AR AE :Z AL i | ﬁ’ﬁf‘* |
FULFEBER AL pME Biﬁ%(%%&
10me uso
H
| A T

| R g RERS ] fitiNep |

B2 ®REETRETEE
Fig.2 Schematic diagram of the model running process

NPP . 0194 7= 1

Table 1 Data sources
Bi2E7 Data type K Source 43 ¥E# Resolution
FEHEINEER! Plant functional types FHE 1 km I8N HERY I (hitps : //www.nede.ac.cn/) 1 km
DEM SRTM %54 (http ://srtm. csi. cgiar. org/srtmdata/ ) 30 m
2% Meteorology H ] DX T R R IR B e AR 10 km

(https ;//data.tpdc.ac.cn/home )
A4 Soil HWSD2.0( https://gaez.fao.org/pages/hwsd ) 1 km

1996—2015 4= i [ KA JEHL N TR I 25 4% SR Kol 52
RIS (http://www.cnern.org.cn/data/meta id =40575)

. 1k
Nitrogen deposition 2006—2015 4 [ KA TEHLE T-UURE 28 1 R Kt 4 "
(https://nesdc.org.cn/sdo/ detail id=60b768707¢281716641d3379)
CO, ¥ JE CO,concentration (https ://www.co2.earth/ ) K2
RAEY AR &5 L Proportion of crop area SPAM % 4ji 4E ( hitps ; //mapspam.info/data/) 10 km

DEM : £ = #2457 Digital elevation model

(1) MR RERY AR SR 2 A R oKk R VbRl il oo B P ) 1 km AEBCDRERY I, AT 5T
BT IR ST R FYS L, 28 2 7E H AT Y 4 Bk 1 b 0 55 B0 4 rh HAT ARG s ARG 2, 7 i i ik
PR G AH SCRF 7T b HA AR SR 38 F M

(2)DEM 2k H Shuttle Radar Topography Mission ( SRTM ) (44 , #IH ArcGIS T HIRHU S 2 S I mfE
Ry DX ISRl S AR

(3) A5 2k A B 5 i e S Rk s vt i) v [ DXl TG O 2 3R KB e 4 (CMFD) |, H iR 4 E R
JIE B 23 4 PR e i SAREAE AR . 7RG s R i 1) o 51 W S e DX T2 S 5 WL 5 40 A OC R B ey,
RS R R T 0,951 Bl NETCDF A% 2, I 185 B2 2 1979—2018 4R IRFI] 23 BE 5 H 3 /i, 25
A1 Z3 By 0.1° ARIBUIT ST XA Z H AU L B KR B, THE 12 H e il AR Al e H R K i it , 1)
MTCLIM 113 /N AR (https : //www. umt. edu/ numerical-terradynamic-simulation-group/ project/mt-clim. ph )
RRADA 2 DI H L | R AR PR 22 SRR T R B H H K MY Biome-BGC Muso FER 19T 5 i
ASCHE

(4) 130k A PR TS S8 % ( Harmonized World Soil Database v2.0) , ¥ 45 7 4>+ HEGRE 2 1
BAE, 0914 0—20 em . 20—40 ¢m 40—60 cm ,60—80 cm ,80—100 c¢m ,100—150 cm F 150—200 cm, i /& T
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Biome-BGC Muso #5712 2 IR A ZOR . ARWFFR S ORIk iy H IR & i B ab & | R+ & i LI
pH A PR +HEREE BRALL 6 A8 A R ) - e A SCIF 2S48,

(5) AU 7 1996—2015 4F Hp = RS TCHL AR TR 25 4% J5) B0di 46 . 2006—2015 47+ [E KA TEHLA
TUCREIT 2 4% R B s 5 | TH R TCHLA T TR SRR Z 0, X T 1979—1996 4FF1 2015—2018 BBz, 43531
SIE FF X 7 3 5 AR (B 1996 4FEF1 2015 4F ) OSSR

(6) CO,HRJE . RIFT co2.earth, FKHL 1979—2018 4EFRF-1 CO, M JE

(7) AN AR 5 . I T SPAM2000 ,.SPAM2005 .SPAM2010  SPAM2020, iZ %04 i [ B b £ B3
TF 5 TR FH 22 B AR KT A% BT N VR 43 AR AT BRAG T, DU G R 248 1 A5 0 KL I B e 75 31
WS BT SR B SR F R T ARNER I S ) o A i, 76 ROk FRAEAEY) /3 Bl AR R 5535 0.69—0.94 , 4 ]
P &ML | 25 AR AN [ BORLA AR 8 B3 Ao pr A5 2 i >

ARHIFFE R FH RS AL 23 [ A7 73, Z s A AR 0 52, 36T SPAM B8 $2 LA W A% BT N R ok /22 Al
FRAE = KA HAEY ORI AR, B ST 545 AR PN = VR i e v AR =22 R P T o RO — A S B 434
YRR SE R, WA (2)

Aij
C,, = x100% (2)
2 A
A, €, FRoRER j A AR BRI NS @ MPE AR I AR o5 LG A, DX AR AR AR, 1l T ECE AR 1y BR 1)
AWFFEK SPAM EdE £E 2000 4F 2005 4F 2010 4F 2020 4F A4 11 FRUECHE 43 91 % 2 1979—2004 ,2005—2009
2010—2014 ,2015—2018 4= PU-/~HFBE | SEEAE Y i 4546 i) 4 7 A8 () 2 8 407 .
1.3.2 NPP ®iF%d

B UEA Y T SE M | AHIFSE N = AN 2 RO ZE R TR E

(1) FEuh s RUBE , AHHE ST LA SE B AR R g0 uE S s, DA HH [R) SIE e s | RAEW)” S5AF y O 4 1)
AT SCRRAE R (8] 3) , 3145 ok /NAE HTE)SEIN NPP 2 26 45 AL S NPP 3£ 35 4%,

(2) FEAER = RO ARBFE 3T 1989—2018 AR Az 7™ it 1 1 M 4e THAFE B85 , AR 1L AU 3 i X 5
FIF NI AEIE IR K NEE RRAE R i 5 AR (2 360 %) #53h NPP, %05 Ik R R AR AN
R B SCERR A 1) 5 /K B PSR B (2 55 7 e S VR Ml 3850 S 1 LU AED ) K AR Ml 8 T B30I 1) 7 et 2 46
BB Y AT (3)

C
¥, x (1-MC) x 0458
g
PP = A,
N ) HI, % 0.9 /21 : (3)

KA, YOG EAEEY) @ WrE 8 HE RAVEY) @ R R B, MCoRVEY) @ B8 K A JRVEY) @ WSO T AR
H ok /NEE KRR HI 435908 0.53 .0.46 .0.40 ; MC 43510 13.0% 12.5% 8.0% .,
(3) X IR EE | AHIFST LL BE RIS P b 52 X0 S5 Ry S B ARG 2 T O RE A FH RA A A 250 i

AR A ZSOCREM I RAE SRR B P AL REA R S AR B IL 4 BRI A HT AR 25 2R 58 NPP AL
BHESATERT L

1.4 FRAAHIAL
141 REYEFHESSEH

T Biome-BGC Muso BRI R L TEM XM AAEY R A A S SE, H TR XY R A ST R EA
IR IR T AT BRI C, \C S EHE RIS b X B AE R, R, AN e S AR A fE v
SCHRRS AR SE BT AL T 52 K AR G 2503l (40 B3 2 22 SRl G S50 ) AR I JE) S 45 %
X T X AR A S ME A Be = A S8, AR 9T 2% B 8 A SE T B2 1 A B A S AR RUAIE 5 (U0 Biome-BGC
BT Agro-IBIS #57 AEM 8Y) ZME IEJ5 S EUE . 45 A [R5 () S 406 B B 22 5, WIIBCHSE- #4948 L) R AIK
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AHENE, B RSB XS Ve, BRSBORE WAL 2, Hoh ERSEORYE C S EUEIE /N AR AE )
s CHYISEUBIE , S SNRES U WIS EEE 14 83T 12 A28
F2 KRIEMEBESSH

Table 2 Physiological and ecological parameters of crops

NN & IE S5 BUA
¥ J:ikiva Default values Corrected values LAEIne S
Parameters Units (OWi:L7] Cy ) .S NG iyia Date Source
C, plant C; plant Maize Wheat Cotton
21 K-

THAEK AR d 0 0 103 95 106 [7,25—26]
Yearday to start new growth
1A H

1 4 4 2 2 272 7,2
Yearday to end litterfall € 36 36 53 03 [7,26]
FERE BE
Sl 2 C 10 5 8 2 10 [27—30]
Base temperature
MFRRA L
C.N of leaves — 25 25 65 65 45 [31—32]
7R L

_ 3
C:N of leaf litter 4 45 85 85 85 [32]
MR AL
C:N of fine roots o 0 30 120 120 75 [31—32]
5 2 K 7R
R J(?ﬁ( . .. LAL/d 0.022 0.022 0.0225 0.0225 0.0225 [32]
Canopy water interception coefficient
e 2
E};(ﬁj‘ﬁ%\ﬂ L .. — 0.48 0.48 0.66 0.58 0.65 [33]
Canopy light extinction coefficient
RRAILFE (TR ER
Maximum stomatal conductance m/s 0.006 0.006 0.006 0.006 0.006 [32]
(Projected area basis)
Uk STONEDES

1.0 1.5 3.0 0.95 1.2 34—36

Maximum height of plant m [ ]
=N YR RE
BRI m 1.0 1.7 2.9 1.3 0.65 [29,37—38]

Maximum depth of rooting zone

SALITUGER /N B AL AR 22

Vapor pressure deficit: start of Pa 930 930 930 930 930 [32]
conductance reduction

SAL5E A I IR AR R 22

Vapor pressure deficit: complete Pa 4100 4100 4000 4000 4000 [32]
conductance reduction

SR 214 LE T AR (R TR T

Canopy average specific leaf area m?/kg C 49 49 35 70 15 [32,39—42]
(‘projected area basis)

1.42 EHEHRSRE

ATIFGE BRI A 77 B IS B BT AR BT SmK GEUR A i B AH G SCHR I T BRAE  CER it AE EE TE
PUAFARRSE, F A& S B R H W R AME % | TR i i I 45 8 253k 24 NS4 R
3,456 i Ak e SR
1.5 1 E

(1) M EALSMEAE PS5 NPP BBV ASBF 98 15 i« Climate + Management” _“ Climate” 2 Fj & 5
KT % . “Climate+Management” 1# 5t /R A AEY) NPP [R5 IF52 314 gt 725 1k A K JE 45 Bk [ 0, <A 8K 3
iR 1979—2018 4535 H (1) I s 5 K sl It , A 48 BRECE AR HE 1979—2018 4F [i1] IX 3 455 1+ 4540 A1 5L
BRBERL , RIBCE ARSI FPAE R IE  SOR S5 SR AR AL IR S84 .« Climate™ 1% 5t RN AR AEY) NPP X
Z A HEBR A TR &R, SRS BRI R T 1979—2018 4 Jy s R B , A& BRI S0t i A
AP R R B AR AR AR K IR AE BT
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Table 3 Manage module parameters
iR ZH E¥/N INE Ak B AR
Module Parameters Maize Wheat Cotton Data source
FhtE H 1) 47 15H 47 4H 4712 H [7,25—26]
Planting FiviE 25 B/ (#k/m? ) 8—12 450 11—30 [7,43—45]
THRE/g 292 41 83 [43,46—48]
sk
H 1 I0AS5H 8 H30H 10HS5H [26,49—50]
Harvest
4H17TH5H29H . 5H30H.6HI10H,
- 612 H .6 2H. :Efégig;fg 6H30H7HSH.
Fertilisati H % TH2HT7H9H, 6H2H6H12H. THI12H.7TH26H, [51—53]
ertilization TA9H7H29H. 6)—123‘3\ > 8HS5SHB8HIH,
8H8HB8H2H 8HI18H 8H27TH
L N 30—300 30—370 30—300 [54—66]
(kg Nhm™a™')
4A17THS5H29H . 5H30H.6H10H,
- 612 H .62 H. :Efégig;fg 6H30H7HSH.
1A' . H 4 7TH2H.7TH9H, 6)12Eléﬁ12El\ 7HI12H.7H 2 H. [51—53]
rhganon 7H19H7A290, 6H 23 H : SHSHS8HOH,
8H8H 8H25H 8HI18H 8H 27 H
HEE K
(mm/a) 270—470 270—470 270—470 [57]

(2) AP FEIZK AL A X VEY) NPP (520 AR T LA SEBR A8 KT Sy At 9 A IS A5 18 5 15 sk
B %, 3T 15 45k, BEE EH AR /)32 AT ROK MBI FH AR T, (45 T K 2 e i 0K s
T 2930% , S NE B WAHAS T 15 ARG T 29 30% , PR AR LIPS 3E M & (1) A IE & (F1) SR,
WE T 30% BREEE IR , 28 55 T 40 SEPRAS B AR S Va8, 52 T O H R4 el v UL i 7K A 3
B RS R AR, DUY R B M IE O FL, BOE AR K FO.7 F1.F1.3 F1.4,
F1.5 F1.6, 75K 107 11 11.3 11.4 11.5 . 11.6, 73 5 F/m i A i B = 1Y) 70% .100%  130% ,140% .
150% 160% . #+ 6 MIEAK -5 6 NEEBEK M P 5, 2 36 Flok AT HUE 5t , DL A A R K BB 48 A & X%t
NPP F 52 Ml HLAEE B i AL
1.6 Mk
1.6.1 E&#SrHr

AHFFEHRET Theil-Sen Median #2353 #7 F1 Mann-Kendall ¥ 56 J5 BEAF 58 4¢ H 4 75 &2 4 NPP 19 Bt 23 284k
R T
1.6.2 X BTk

AWFFTHE Climate+Management” {5 5t T AL UEANE B ARAVED SZFRAE 7= 01 NPP, “ Climate” [f 5t I IR IUE
VE R RAEWITELEAE 7 01 NPP ,( B2 S AR50 ) |, NPP , 357 /K N AS TR it %ot 4 A= 25 22 52 NPP (5200, 38
A SZPR NPP 537 NPP IFR22K945 , A F

NPP, =NPP-NPP, (4)

AWF5EiE L NPP NPP, FINPP , (178 {b 4 5 ik — 20 A PE Al S0 AR 46 A 836 ot R b3 R 7B

NPP (AR STEREREE ™ PP ik AN 4.

2 ER55H

2.1 BAEIE
SR I ARFGEAE 1995—2007 44} T2k NPP [URIE A 1.106 kg C m™> a™', 5 F i [R] et B 5
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WE B FIXT IR 2E N 2.7% ., /INF NPP BE4{E K 0.708 kg C m™ a™', 52 IME A X iR 25K 2.6% . ABFIELE
2009—2012 4EXFHE AL NPP (IR N 0.543 kg C m™2 a™', 5 Wei 25102 SMME A RTR 250 4.9%, FHIK
FUAEAS [RIVE S 25 0 v 2404 43 s PO ASEROURE B (11 3)

*4 SETHSEEEERRETESE
Table 4 Calculation methods for the contribution of climate change and human activities

X K NEAE B TTRR A/ % B
S Al BTk R /9 1 A
S(NPP) S(NPP,) S(NPP;) }.1% italusad /6. . Water-fertilizer management i
Climate change contribution rate

o Driving force analysis
contribution rate

3 0 0 slope(NPP ) slope( NPP, ) L2 K L 3
slope (NPP) slope (NPP) F 5 NPP FHE
>0 <0 100 0 S AL S NPP TS
<0 >0 0 100 KB T F S NPP T+
<0 <0 <0 slope(NPP ) slope(NPP ;) A AR A F K AR 45 2 3L [
slope( NPP) slope( NPP) 5 NPP &A%
<0 >0 100 0 S AR L T2 T NPP FRAIK
>0 <0 0 100 JKEAE B 2 5 NPP FEAIK
SRR Slope
A K /NZE MR AERME S 55 NPP {E 14 - -
ERBFEMK(P<0.01) , =FhfEY) NPP EHIE 54 A 0 sl

._.
o
T
——
——

YAl A R4 5108 0.70.,0.75.0.76 (& 4) , & W
Biome-BGC Muso F5IXF F 1 b3 R AE Y NPP 14 45 1
ZER AT AR,

BB b A A R Itk HAE S RS
NPP 38 (0.408 kg C m™ a™') 55 CASA H BRI
AT R T AR X P LT R XA 0.007 kg C
m”a” ETRESE Y KA 0.023 kg Cm7a™, A

1.0

ol sl
04 l {

02 |

R A=)
Net primary productivity/(kg C m2a™)

0 L L
WFFT s K500 = T NPP—PEM 5181 OLECM A1) ok N ik
VEHA Crop type
FHIZER 0.033 kg Cm™ a7 ,0.079 kg € m™ a5 {KF
SEBAL AT AR 25 0.072 kg C m™ a™' (£ 5) B3 A REEMERML

Fig.3 Comparison of site-scale simulation results

T:u 1.4 - Fk ',~ 1.4 ,J\i ',~ 04 ﬁm ';
E o, y=076x+0.16 ol 1=0.92x +0.06 g y=1.12x+0.01 ‘
O . 2 . - 2 . 2
R*=0.70 . R*=0.75 . R*=0.76
iy ‘ | I 03
E E 1.0 1.0 +
&<
WE 08 0.8 + 02
=% o6} 0.6 -
E
2 0.1 |
g 04rF ,"' 04 |
~
=] e . .
Z 02 ‘ 1 1 1 1 1 I 02 ‘ 1 1 1 1 1 I 0 4 1 1 1 I
02 04 06 08 10 12 14 02 04 06 08 10 12 14 0 0.1 0.2 0.3 0.4

e FINPP NPP converted by yield/(kg C m2a™)

4 NPP=EHRHESEINERILL

Fig.4 Comparison of NPP yield conversion values with simulation results
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®5 EKEIRERIMERILE

Table 5 Comparison of regional-scale simulation results

UL

WX FEAY FREALHLIE W B Simulation/ B e I
Study area Model Model mechanism Study period P Date source
(kgCm™=a)
NIk Biome- e "
A FEELEY — . 5%
The northern slope of the Tianshan Mountains BGC MuSo RS R 1979—2018 4 0408 A
—
X
PLLTRRR CASA S RER A 2000—2014 4F 0.415 [63]
Northwest arid region
PNIIE|#)7 v g
S-[E F] FH &R 1] —
The northern slope of the Tianshan Mountains CASA FERERI B 2004—2016 - 0385 [64]
KiliHe#E .
- -1 I A AR .
The northern piedmont of the Tianshan Mountains NPP-PEM LSRR B 20024 0-375 [65]
B SR e ) =
?Jfﬁ_ OLECM Z% j:t R 1981—2000 4 0.329 [66]
Xinjiang g kil
I i R A1 -6 REF
Manas river watershed SEBAL ey Rl 2013 4 0.430 [67]

2.2 Rl HA SRS NPP 125 A ik

1979—2018 4F K b3 FAE S R 48 NPP AFFH4{H ) 0.409 kg C m™ a™' , @i {H N 0.657 kg C m™ a™'
(2011 4F) , FflR{E ] 0.274 kg C m™ a™' (1979 4F) , NPP [XIRAEIIME LA 2011 4F Jg 43 L5 et 50k, 78 1979 4F
Z 2011 4E[H] NPP ) 0.008 kg C m™ a™ &I AN, 75 2011 4F NPP ik #H AME)5 L 0.030 kg C m ™ a ' (R R
K. 40 4E[R] =FPRAEY NPP P YE N EARS/NESHIE, =FRIEY NPP ARZ G158, 1979—2011 4 &
K IINEE KRAE IR K H 3 924 :0.017 kg C m ™2 a™' ,0.010 kg C m 2 a™ ,0.005 kg C m™ a™',2011—2018 4EF
R BR324 :0.004 kg C m™> a™' 0.014 kg C m™>a™" 0013 kg Cm~a'(E5),

14
L hia
 hE
el X
— RHASRS
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Fig.5 NPP trends of farmland ecosystems on the northern slope of the Tianshan Mountains from 1979 to 2018
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X3 5 34% A 1% 9 X /> . NPP JEFEIAE 0.3—0.4 kg C m™? a ' WX £, BB ANKIES RGN
36% ., RiJHAR HAEZS RS0 40 45734 NPP S H X EA T4 6 g LA SR R 245 R I EY AL &
OKFPAE A 3 5 R X 3R 438, 76 S o5 AL VDT B 39 3y A5 348 40 A 1 XSV E Y 2 AL AR AE /N2 Fil
M F(E6), 1979 4EZ 2011 4F[], NPP % 5 0 14 [X 3 24 oy 4 B A2 A5 R G0 63% , 29 24% 1 X 3k &
HEARAY AN 19 B DX ER I A B 15 2011—2018 4R [8] 8/ ) X3 22, 29 5 60% , Hor oA 5 25 sk /0 1 1X
Wb twE 20 28% (7).

AEHINPP/(kg C m2a™h)
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Fig.6 Spatial distribution of multi-year average NPP in farmland ecosystems on the northern slope of the Tianshan Mountains
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AR5 FE T Climate+Management” | “ Climate” {85 53 15 B 1 — 5 A AL A [F] 5] 1 S A AR A0 R K BB 48 BT HH
HEA RS NPP B2 8, 1979—2011 4E[A] ,NPP /Y L FH# % 4 0.005 kg C m™> a™', & TNPP, [ F# %
0.003 kg C m™> a™", i 5ZFR NPP L4 0.008 kg C m™> a™ BRI, (EAGERAYRE 2012—2016 4E (0], Kilidbyik
F A= 25 2R 5 52 FR NPP R R %4 0.023 kg C m 2 a™', /N TNPP, FI4#%(0.040 kg C m™2a™") | IfiiNPP,, 5325
NPP FINPP AL ARTA], L 0.017 kg C m™ a” ' @R T,

1979—2018 4/ M AR AL A BRAS X R 1L Jb 3 Ak F A A5 R 58 NPP [ AHXS STk 3531 38.75% .61.25%
(E19) . RMAB RG2S 54O A BRI [A4E H] 325 NPP Th s 19 XI5 i 22 (39% ) , E2 50 T
KA AL P AT X (B 10) 5 HUOR ARV AS B 32 5 NPP TH 5 19 X 17 28% , 488 % B2 11 XS 48 vh o0 A
fEar 5 8 AL 3T NPP T 9 X0 12% , 73 A B0 43, NPP REIR Y IX B D, RS R A S &
B 21%,

2.3.2  A[EIZKARAE B it X NPP ()5

B R =R EY IR 113 (SEPRMEE R Y 1.3 %) A R R, Bt B )5 NPP 15 3 50
SCE IO, SRR N 10.7 48T 2 11 B, =FEY) NPP 35 IE 5515k 23.2% 212.6% ,80.7% ; B it
14T 1.3 BB iREE 2 7.7% 26.4% 32.4% , it 11.3 J5 4R2e8 et &, £k /NE NPP JoHH i
Al RS AETE E R /K (11.6) F ,NPP g i 60 11.3 AR B (& 11) .

FEACAT B FOK /NAE ARAE Y NPP XA (7] it JIE A7 SRS AL Fry o i 47 522 300 400 5 ) 8 ) 200 7, ot IS 7 b
F1.3(SERRMIEE Y 1.3 4%) HES , NPP Bl T30 . M IC &M FO.7 $27 2 F1 I, oKk /A2 ARAERY
NPP 3RS, 735000 17.0% 16.1% 14.9% , ML F1 32T+ % F1.3 BB, 398 2 0, £k /N2 fidk
FSF- 41388 W A3 I B 22 8.5% .8.5% F1 0.6% , #Bid F1.3 BIE ) , dkLed i it &, F1.4 F1.5 F1.6 #i£k5 F1.3
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JIES G T e T S B ) — IR A IR . X Se i /K IR A8 BR7E T 52 BhE 15 50 R AR TAEIK

A5 FRAR  BAGE T/ A R R A IE N RE T, Liu S5 BIFST A BR, AR AR AL X /N FE 7 ) TR
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MAEY 75 5 (873—1067 mm ) i = T At IXCHE 28 HAD T 52 X, FE7K o3 77 s Qe ™ s mY 258 5, Rilide s
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Table 6 Comparison of optimal water and fertilizer management thresholds and climatic factors for typical crops in different climate zones

- . s TR i

EHMOKIEE MR i Sie S
[ X Average annual ~ Crop YEY) Optimal feﬂilization EIEIp S
Nations Region precipitation/ evapotranspiration/ Crop irrigation vélume y Date source

mm mm volume/mm N

(kg/hm™)
eHE| . FK-NA- ABFT
{ 217 873—1067 " 475 236
China Rl Hie [79]
e e
. fedb i IX 582 273—395 KNG 160 240 [80]

China
Mk e .
South Aftica R 314 — EEPS 580 200 [81]
JEE 9% FF .
i BE % 190—250 350—520 KNA 572 300 [82—83]
Morocco
%ﬂ‘ . bR 101 665—755 BN 576—1051 — [84]
Americian

ATFFEGE RATAE M AR E E BRI T T = A7 1, — U5 7, Biome-BGC MuSo 1L
W 2 CHBEBEIRG ) O SA RS AN, T REARA PR NPP ol 2 VS B9 S M S 354 T T
AR WUE, 4/ MIAE I ATEERE G WUE B Kdiebe, 0B 8 B0 O i, A BFF00 B 55 X A
HRAE 10 kmx 10 km SHERAGIIH , AR IR T ok VN AL =B B AR IO R S5, 20 T
i 7 BRI A VI S0, 1L s 26 S 2Rl P 2R S 0, T R85 A 228 R PRI 53
FRPE, esb ARSI 1 A BRI KR CO, WRIE R A A TTREHL T CO, MR (1753 [ 57 SR P M %
BERAZE S AR . R SO I, R SRR B S S R N . Wang % R R WP 1A
K R L2 K A 2 MO AR A Aok R DR PRI, AS BRS04 T R 4 0
ST, AR FIHIX R [RVAE G 1 T AT T S JLR A, SEITTRE 0 NPP 555, B2, Tatarinov 45 5 it
ST T Biome BGC {78 S K0 NPP AU, J i U AR 22 T 14 LE TR B NPP (S
G331 H-0.40% Fl-0.23% . AHIFFH A O AE 2 P-4 Um TR 11 T3kt 18 ALSSINECHE 5 ARM BE 5
O, T K/ 1 2P L TR T Agro-TBIS AS0780 245, A AR X 45 B, T A8 I AL 401 25
PG EBRZ RS L, RARTFFRIAE DL TGS ST AR ey R 2 S R A i 2587 T it —
ST, LT T NPP DL M P 538 P

WFSE I, 75 KR A8 57 397 4 X 4F 349 R 7T RiE 1= Tk 0.4 C % 2,85 °C, 4F WK IR 7T 3% 6.1% &
17.5%" . 5 IR B3 A o 20 A 5 AR B K ) 1 2 AT 3 i A 4 T Rl 35 13
RBAF R i B KA S T, T T DR B o R R A BRSRE W, LR
RN AR AP 5 SR ARG T — B B TR A7 T, LI R 1 s B Hfl 50 DX o T A 25 2R e G A M
R A . 5 JREBR L S U FRAS e

4 #ip

(1)1979—2018 4ER 1L A A 2SR GE i) NPP LA 2011 4F g 453 15 S48 5 ek, 22 4F 291 4 0.409 kg C
m™a”', NPP S {EHX EZN T4 5 E g i LA SR B4, DL ROK NZERE N 32 AR X A8 Ry 43 6, 78 5 95
HrALHS VOVE B g B A DARRAERE N £

(2) K NEAE BERS 0 R L ALYk AR RS0 NPP BAH XS sk s T AR 1E 22.5% , BF 2= B /K M0 A B e
AT LA R85 S A A AR X NPP B IE TV , 2 A A=A A8 AR 1) 67 TR0

(3) Bk /NE AL NPP BEVEWE 5 AU 0 5 A3 hn o A S TN BEE & 475 mm AL & 236 kg/
hm? (GEHERLY 1.3 £5) M BUK B BRI R4 &, 8 H BL (B VE Y NPP 1 i B 20855 .

http ; //www.ecologica.cn



434

FM A USRI LA P 0 R LU AR BV 9 A= 7 3 s 2117

2% 3L Hf ( References)

(1]
(2]
[3]
[4]

(5]

(7]
[8]
(9]
[10]
[11]

[12]
[13]

[14]

[15]

[16]

[17]

[18]

[19]
[20]

[21]

[22]

[23]

[24]

[25]
[26]

[27]

[28]

VR, mOUHE, EWelE, BOkE, R, E81, AR, SR AIAZEE Fhour b [ b T B XA L A 0 e DTRR. AR AR, 2023, 43
(17) . 7274-7283.

XU A VUHRG” . BT H AR, 2025-06-05(001).

RFEZ, KT, B2, RITA, FIEE, M. 19612017 4FH5 DR RN, PEGERER, 2020, 14(4) : 27-34
Wepsm, Fh T, WSO, PRESES TR, AMEAR LT TR R R RN K B A AR AR ST, B PR A B A ( FARBERR) | 2020,
37(3) : 90-95.

Yao J Q, Chen Y N, Guan X F, Zhao Y, Chen J, Mao W Y. Recent climate and hydrological changes in a mountain-basin system in Xinjiang,
China. Earth-Science Reviews, 2022, 226 103957.

Rapfli, TR, 230K, DU AN T T PE AR H AR BT KR SR RIARAEAE KA SE . TR X IR S AR, 2021, 35(5):
151-156.

Ft. B AR A R GRS M H RS R R ATSE[ D). AT A1 TR, 2017,

Wrinsh, B, PR, EER AR AL XS T 58 X H A NPP 520, A 235%4055, 2023, 42(6) : 1474-1483.
ZRFs, MWL, KA, AT ARG S T R A ™ i, T 5 IXHEE, 2020, 43(1) : 117-125.

NS, BRBE, P, TEGEE. SRR AR A B0 B A A5 R S8 NPP S IR (Y R f A0 BT, op R B R A2 R, 2020, 37(1):
51-62.

Jiang Y L, Guo J, Peng Q, Guan Y L, Zhang Y, Zhang R P. The effects of climate factors and human activities on net primary productivity in
Xinjiang. International Journal of Biometeorology, 2020, 64(5) : 765-777.

Dy, BAEE, BN, LRSI R A I —— R T ) CASA Y. ARASAER, 2024, 44(4) : 1601-1612.

Cong R H, Wang X J, Xu M G, Ogle S M, Parton W J. Evaluation of the CENTURY model using long-term fertilization trials under corn-wheat
cropping systems in the typical croplands of China. PLoS One, 2014, 9(4) . €95142.

Chen H X, Zhao Y, Feng H, Li HJ, Sun B H. Assessment of climate change impacts on soil organic carbon and crop yield based on long-term

fertilization applications in Loess Plateau, China. Plant and Soil, 2015, 390(1) : 401-417.

BN, INVEE, BRKAR, PSEHEE, INE. SRIEREUIESS & Biome-BGC AR T AL ST WM MG M X A IS R G4 ). HARBRIRAEAR, 2011, 26(12) :
2061-2071.
Hidy D, Barcza Z, Marjanovi¢ H, Ostrogovi¢ Sever M Z, Dobor L, Gelybs G, Fodor N, Pintér K, Churkina G, Running S, Thornton P, Bellocchi

G, Haszpra L, Horvath F, Suyker A, Nagy Z. Terrestrial ecosystem process model Biome-BGCMuSo v4.0: summary of improvements and new
modeling possibilities. Geoscientific Model Development, 2016, 9(12) . 4405-4437.

Fodor N, Pasztor L, Szabo B, Laborczi A, Pokovai K, Hidy D, Hollés R, Kristof E, Kis A, Dobor L, Kern A, Griinwald T, Barcza Z. Input
database related uncertainty of Biome-BGCMuSo agro-environmental model outputs. International Journal of Digital Earth, 2021, 14 (11).
1582-1601.

Ostrogovié Sever M Z, Barcza Z, Hidy D, Kemn A, Dimoski D, Miko S, Hasan O, Grahovac B, Marjanovi¢ H. Evaluation of the terrestrial
ecosystem model biome-BGCMuSo for modelling soil organic carbon under different land uses. Land, 2021, 10(9) : 968.

HIE, g, octe, HER, skEE, JRmnn. KAt E 5o M e R I e s g ngma iz, B AR 28254, 2015, 26(7) : 2074-2082.
Farquhar G D, von Caemmerer S, Berry J A. A biochemical model of photosynthetic CO2 assimilation in leaves of C3 species. Planta, 1980, 149
(1): 78-90.

Ran Y H, Li X, Lu L. Evaluation of four remote sensing based land cover products over China. International Journal of Remote Sensing, 2010, 31
(2): 391-401.

He J, Yang K, Tang W J, Lu H, Qin J, Chen Y Y, Li X. The first high-resolution meteorological forcing dataset for land process studies over
China. Scientific Data, 2020, 7. 25.

YuQY, YouL Q, Wood-Sichra U, Ru Y T, Joglekar A, Fritz S, Xiong W, Lu M, Wu W B, Yang P. A cultivated planet in 2010 2. the global
gridded agricultural production maps. Earth System Science Data Discussions, 2020, 2020, 1-40.

XIREE, I, WIS, RAER, ERish, %, FIBEEEER R A7 J1 (NPP) I 2548 JR 28 b S LIRS R 3. AR 3254, 2020, 40
(15) : 5306-5317.

EFHL, G B FORYR S URBITL. AR, 1994, 2(2) : 20-26.

HOREE, SOKE, RO, XS, FUEHR. 1981—2009 AEHTHL/INZ A TR IS R AEAE AL TT S, TR IXCARALETSE, 2015, 33
(6): 189-194,202.

K, WLrEE, My, THFB, YT, Aquacrop BEH 1L b SEAR A6 AR 5 09 0L e 30 o B2 O Ak b 38 . A0l TR 224k, 2023, 39
(20): 111-122.

Ritchie J T, Nesmith D S. Temperature and crop development//Modeling Plant and Soil Systems. Madison, WI, USA: American Society of
Agronomy, Crop Science Society of America, Soil Science Society of America, 2015; 5-29.

http ; //www.ecologica.cn



2118 JAE = 46 1

[29]
[30]
[31]
[32]
[33]
[34]
[35]
[36]
[37]
[38]
[39]
[40]
[41]

[42]

[43]
[44]

[45]

[46]
[47]

[48]
[49]
[50]
[51]
[52]
[53]
[54]
[55]
[56]
[57]
[58]
[59]
[60]
[61]

[62]

[63]

R, A8, KBk, BT, FRRI, SRS, B, BT AquaCrop MBI ZARIL AR X/ e R AR AR IE. /K AR FFAFSE, 2013, 20
(6): 106-110.

G RIE IR AT E MBS FE [ D], Bat: BEAUE R TR, 2012.

MBS LU A5 I AR K VB RS20 SRCAFSE [ D] . JEat: WA RE, 2016,

Wang Q X, Watanabe M, Ouyang Z. Simulation of water and carbon fluxes using BIOME-BGC model over crops in China. Agricultural and Forest
Meteorology, 2005, 131(3/4) . 209-224.

Huang Y, Yu Y Q, Zhang W, Sun W J, Liu SL, JiangJ, WuJ S, Yu W T, Wang Y, Yang Z F. Agro-C: a biogeophysical model for simulating
the carbon budget of agroecosystems. Agricultural and Forest Meteorology, 2009, 149(1) . 106-129.

T\, EEE, HEBEH, WAL B 5% % BRI BURAR . b E Ol R, 2021, 54(4) : 720-732

MR, SIS0, MBI, SKPT BTHDE 20 4F5R 0 52 4R SRl EZMRRIHTAS M. VL3R RLBLEE, 2023, 51(16) : 54-61.

SR, TUHSE, TN, BTN, W, 2, AE. B N T R A A AT BT R 2020, 57(3) ; 418-426.
XA, T, B, R =2, R FRMR AR IR T A AT RSO E], 2009, 17(3) : 517-521.

W, Wse, XNE, IR, KH. PNERRKEMAME T B S S8 0T. Aol TR, 2011, 27(10) : 112-117.

Zhang C, Li CF, Luo G P, Chen X. Modeling plant structure and its impacts on carbon and water cycles of the Central Asian arid ecosystem in the
context of climate change. Ecological Modelling, 2013, 267 158-179.

PRI - BUARSE, BT BN JE T Agro-IBIS BEAL MBI H A S RETEI AL T 1 28 B3 RO S R AL i A AL, o [
2R, 2018, 34 (34) : 91-98.

Li C F, Zhang C, Luo G P, Chen X. Modeling the carbon dynamics of the dryland ecosystems in Xinjiang, China from 1981 to 2007—The
spatiotemporal patterns and climate controls. Ecological Modelling, 2013, 267, 148-157.

Yao H S, Zhang Y L, Yi X P, Zhang X J, Zhang W F. Cotton responds to different plant population densities by adjusting specific leaf area to
optimize canopy photosynthetic use efficiency of light and nitrogen. Field Crops Research, 2016, 188 10-16.

2 WRPT, A FEI SRR BT T IR A A e R B SE R. TBRAR RRBLEL, 2023, 46(6) : 5-10.

JAOREL, B, A R, SR/AME, sk, SO, SR, AR, PRk, TRLL, BRITLE. ST HERG A A R EA R R R
Kifnfh. f2z2£4R, 2016, 6(10) : 6-11.

ROUAR, B, RITH, EVA, AR, 20, WA, M A R R R S R AR S . Ol SRR AR,
2011, 30(9) . 1797-1802.

BENEAE , /NG, Bemiie, FEHUET. T BN A /N AR R A B A AR YRR T R RO B SY, 2014, 32(6) : 1-9

MR%2, E0F, RS, Radr, Bt IR ER, DEE, Tk, PR AR mae PR s gy, hERl, 2022, (9):
64-70.

AL, AR, Refl, B, FEW, WAL, MRS, EORAE. B/ N2 S A BT IR R R I Ry i 5T 23 BN, BRSOl 27,
2013, 50 (6): 1032-1039.

BT, B, ZEKAR, 208, fFaS, AR, BRE S A HLICHLRCHE X B e R A /N 7 it R IR 7 OO K S AR g (s il i
R A, 2023, 60(6) : 1335-1343.

FE 0. FSRILSRAR AERE AL T BT [ D] & RSF iRy, 2012.

A2, K R AR ISR R A K SO BRI RCR BT [ D). B& AT SBrigl K%, 2022

EAEIE. T SRCIBEAR AE 7 b FIK 3 RO X 2K g 1o R HG DX AN [ D] BB ARl R A, 2023

SR AT HE X U A RR AN A K AR KR ST [ D] S AT Bl K2, 2022

XUHE, BE, makE, YR, BRe, OO, EBILRHE BRI B SR T, Bk BEHY, 2022, 45 (5) @ 54-56.

wWISE, RE I, MG, BT - SO, B BT SEAR AR AT I AL A S 2. el TR, 2021, 11 (5) : 132-136.
T, RS, BIRGE, L, TRANE. 1956—2016 4741 I DX i T K B AR Ak B FER e DR R AR BT, KRR R, 2021, 32(5) .
659-669.

Wang H D, Wu L F, Cheng M H, Fan J L, Zhang F C, Zou Y F, Chau H W, Gao Z J, Wang X K. Coupling effects of water and fertilizer on
yield, water and fertilizer use efficiency of drip-fertigated cotton in northern Xinjiang, China. Field Crops Research, 2018, 219 169-179.
TKINEE. FET DAYCENT LR B A7 ) 5 L e A sh 280 U2 A B A B SE [ D] 3R PUALAMR BB RS, 2023.

SRAET, BRI, THIRIE, BEE K. et AR S R G RS AT, TR IXHEST, 2024, 41(6) : 998-1009.

LiZ]J, ChenJ P, ChenZ P, ShaZ Y, Yin ] H, Chen Z T. Quantifying the contributions of climate factors and human activities to variations of net
primary productivity in China from 2000 to 2020. Frontiers in Earth Science, 2023, 11, 1084399.

Min W, Guo H J, Zhou G W, Zhang W, Ma L. J, Ye J, Hou Z N. Root distribution and growth of cotton as affected by drip irrigation with saline
water. Field Crops Research, 2014, 169 1-10.

Min W, Guo HJ, Hu Z Q, Zhang H M, Ye J, Hou Z N. Cotton growth and the fate of N fertilizer as affected by saline water irrigation and N
fertigation in a drip-irrigated field. Acta Agriculturae Scandinavica, Section B — Soil & Plant Science, 2017, 67(8): 712-722.

B, BRIET, BHE. PHAb 5 KR B 2 Ak 7 g ) S T i 2 22 5 I N AR A2 2R , 2017, 36(1) « 181-189.

http ; //www.ecologica.cn



434

FM A USRI LA P 0 R LU AR BV 9 A= 7 3 s 2119

[64]
[65]
[66]
[67]
[68]
[69]
[70]
[71]
[72]
[73]

[74]

[77]

[78]
[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

45 RINACHA BRI AR 7= I 25 S AR AR AR BGE I I R AT [ D] A F . A FR%, 2019.

AR, WIS, KA Ll - SRR AL A RGN AL 7 S0 25 (B A3 A AR SR SR A 84, TR, 2010, 33(1) : 78-86.

X LR 5 i b A 25 2R SR D R A 7 T Rt 23 R AR T [ D] BB ARSY . iR, 2007.

e, 20K, XIS, Sade, Fit TR TR XA A = 5. BIRAAR, 2016, 27(6) : 1750-1758.
Song Y L, Linderholm H W, Chen D L, Walther A. Trends of the thermal growing season in China, 1951—2007. International Journal of
Climatology, 2010, 30(1) ; 33-43.

FEBES, ARAE6E, EEA, KiK. FEBESR U P — A BRI T 5L E B R AR AR, 2021, 41(13) : 5425-5434.

HER. & 6 BB T PR A, 2016, 39(10) : 59-61.

ZIE. GBI IR, M H A, 2024-05-16.

Liu Y J, Zhang J, Ge Q S. The optimization of wheat yield through adaptive crop management in a changing climate: evidence from China. Journal
of the Science of Food and Agriculture, 2021, 101(9) : 3644-3653.

Agnolucci P, Rapti C, Alexander P, De Lipsis V, Holland R A, Eigenbrod F, Ekins P. Impacts of rising temperatures and farm management
practices on global yields of 18 crops. Nature Food, 2020, 1(9): 562-571.

Li Y, Wang R, Chen Z J, Xiong Y W, Huang Q Z, Huang G H. Increasing net ecosystem carbon budget and mitigating global warming potential
with improved irrigation and nitrogen fertilization management of a spring wheat farmland system in arid Northwest China. Plant and Soil, 2023, 489
(1): 193-209.

B, A, YRR, XIFE, EAAR, BGRK, ZREURE. A Ry 2T K AR AN KRR RIS S K 2,
2024, 43(7): 11-18.

FTIN, REF, PRRYE, KNI, . MR VT R AR A AL K P RS S S A R, R S AR, 2025, (1)
73-82.

Zhang T B, Zou Y F, Kisekka I, Biswas A, Cai H J. Comparison of different irrigation methods to synergistically improve maize's yield, water
productivity and economic benefits in an arid irrigation area. Agricultural Water Management, 2021, 243. 106497.

Fak, FUE, WM, PGP, EAR. B g R AR Rl R AR S, R HLREAR, 2015, 46(2) : 70-78,136.

BN, SELEE - PEHE, EAETE, AR, BT, BT, ZEORME. 1960—2020 4k 2 SR W R K I =S AR S AT, VER AR,
2023, 49(12) ; 3352-3363.

SiZY, Zain M, Mehmood F, Wang G S, Gao Y, Duan A W. Effects of nitrogen application rate and irrigation regime on growth, yield, and water-
nitrogen use efficiency of drip-irrigated winter wheat in the North China Plain. Agricultural Water Management, 2020, 231, 106002.

Choruma D, Balkovi¢ J. Using EPIC to simulate the effects of different irrigation and fertilizer levels on maize yield in the Eastern Cape, South
Africa. Agricultural Water Management, 2021, 254 . 106974.

Ech-chatir L, Er-Raki S, Rodriguez J C, Meddich A, Chehbouni A. Optimizing sowing date, fertilization, and irrigation strategies for winter wheat
in Tensift Al Haouz ( Morocco) using the DSSAT-CERES-wheat model. Agricultural Water Management, 2025, 312 109443.

Toumi J, Er-Raki S, Ezzahar J, Khabba S, Jarlan L, Chehbouni A. Performance assessment of AquaCrop model for estimating evapotranspiration,
soil water content and grain yield of winter wheat in Tensift Al Haouz ( Morocco) : Application to irrigation management. Agricultural Water
Management, 2016, 163 219-235.

Djaman K, O'Neill M, Owen C, Smeal D, Koudahe K, West M, Allen S, Lombard K, Irmak S. Crop evapotranspiration, irrigation water
requirement and water productivity of maize from meteorological data under semiarid climate. Water, 2018, 10(4) . 405.

&R, Al Tk, Z45, T35 30 44 FR I 3 Tl BARAVEY K 0 FI TR B2 i P # b, s AR Sl 224l (F3Es0)
2025, DOI: 10.12357/cjea.20240658.

Tatarinov F A, Cienciala E. Application of BIOME-BGC model to managed forests 1. Sensitivity analysis. Forest Ecology and Management, 2006,
237(1-3) : 267-279.

Gao X H, Liu J, Lin H X, Wen Y, Chen R, Javed T, Mu X G, Wang Z H. Temperature increase may not necessarily penalize future yields of
three major crops in Xinjiang, Northwest China. Agricultural Water Management, 2024, 304 . 109085.

GuanJ Y, Yao J Q, Li M Y, Li D, Zheng J H. Historical changes and projected trends of extreme climate events in Xinjiang, China. Climate
Dynamics, 2022, 59(5) : 1753-1774.

http ; //www.ecologica.cn



