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Abstract: Evaluating the spatiotemporal evolution of grain supply-demand balance and its influencing factors on the
Qinghai-Tibet Plateau is crucial for ensuring food security and sustainable agricultural development. It plays a strategic role
in strengthening border areas, promoting economic growth in ethnic minority regions, and ensuring social stability. This
study utilizes a comprehensive approach, combining consumption statistics, production-sales balance index, spatial trend
surface analysis, and the OPGD model, to investigate the spatiotemporal changes in the grain supply-demand balance on the
Qinghai-Tibet Plateau from 1990 to 2020, as well as the underlying factors driving these changes. Additionally, the study

aims to provide policy recommendations for enhancing food security and facilitating sustainable agricultural development in
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the Qinghai-Tibet Plateau. The research results reveal that the self-sufficiency rate of grain on the Qinghai-Tibet Plateau
increased from 106.53% to 120.21% between 1990 and 2020. The regional grain supply-demand relationship shifted from a
state of tight balance to balanced supply and demand overall. However, notable regional disparities exist in the grain supply-
demand pattern. The intersection of grain shortages and severe shortages occurs in regions such as the northern Tibetan
Plateau, Qinghai Plateau, Gannan Plateau, western part of the Qaidam Basin, and the Sichuan-Tibet alpine valley areas.
Areas with grain surplus and abundance are concentrated in the Yarlung Zangbo River and its two tributaries in southern
Tibet, the Hehuang Valle, the river valleys in the high mountain canyons of the Sichuan-Tibet region, and the oasis
agricultural areas in the Pamir-Kunlun Mountains region. These areas are predominantly agricultural counties. The critical
equilibrium zone is distributed in a belt-like pattern along the northern and southern border areas of the Qinghai-Tibet
Plateau. The spatial variation in grain production on the Qinghai-Tibet Plateau is mainly influenced by regional disparities in
natural conditions, differences in input factors, and economic development gaps. Furthermore, there is a synergistic
strengthening effect between economic factors and input factors. Labor and capital have consistently been the two most
critical production factors influencing grain production on the Qinghai-Tibet Plateau. The impact of fertilizer input intensity
has decreased, while the influence of agricultural technology investment has significantly risen. The explanatory power of
income level, food accessibility, food consumption structure, and population structure on the spatial differentiation of grain
consumption on the Qinghai-Tibet Plateau weakened in sequence. Recommendations include improving the food security
level of the Qinghai-Tibet Plateau through grain production and sales cooperation, agriculture and animal husbandry
cooperation , adjustment of planting structures, enhancement of internal and external transportation infrastructure, and local

grain reserves.

Key Words: grain supply and demand balance; food security; geographical detector; the Qinghai-Tibet Plateau;
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Fig.1 Location and scope of study area
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Table 1 Grain supply and demand balance classification type
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Table 2 Conversion coefficient of feed grain
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FEHL FREL Coefficient of grain consumption 2.8 1.5 2.2 1.8 0.3 1.0
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Table 3 Changes of total grain consumption and consumption structure on the Qinghai-Tibet Plateau from 1990 to 2020

WETH R SEAY Years

Types of grain consumption 1990 2000 2010 2020
JAE 2% Total consumption/10%t 646.77 666.95 712.96 726.06
FEHME 2% Grain ration/10%t 455.36 448.35 429.81 384.18
T Hl AR Feed grain/10%t 111.80 131.89 184.49 245.99
Tl FHAR Industrial grain/10%t 7.26 9.22 13.00 17.35
FfiF FAHR Seed grain/10%t 34.45 38.74 45.08 43.64
BB AARAE Loss of grain/10*t 37.90 38.74 40.57 34.91

3.3 o R PR T A RS R
3.3.1 R HLEE T M X 2 5

1990—2020 4F-35 5 i JF MR H 255 11 106.53% 4215 2 120.21% , X s AR £ R 56 2 il SO 4 1) Bt 75
S P HAR B LTS R X s e W o R IR A 4R N T 118.66%—145.25% , iR B LT 4544
IR - AR B R AN S RS R B A A AR, AR IR 80.78—207.90 1 t, Bk IX.
MR LG S5 RN “ IR -5, BUR ™ 5 AN S8 i N R B H 458 A 44.18%—58.98% ; A i IX.
A H A% 96.91%38 % 121.28% , B AR B HER DR B B LT A LMK (R 4), A KA,
2020 FA5 B I RESC B B 4, FLroBrgs B A R H AR R AR B A R, T PG 25 A A 1 4y
MR LS O R AAL T —Fh B PR (B 3)

R4 19902020 FERFBRRRAXMEUEFITR
Table 4 Statistical table of grain supply and demand in the Qinghai-Tibet Plateau from 1990 to 2020

X3k AR 7/ 10% H /104 BA/100 HEH/ %
Area Year Production Consumption Surplus Self-sufficiency rate
£IX 1990 689.02 646.77 42.25 106.53
Qinghai-Tibet Plateau 2000 774.80 666.95 107.85 116.17
2010 901.63 712.96 188.67 126.46
2020 872.77 726.06 146.71 120.21
Lk X 1990 513.78 433.00 80.78 118.66
Agricultural area 2000 568.32 436.92 131.40 130.08
2010 667.38 459.48 207.90 145.25
2020 606.89 460.92 145.97 131.67
ok X 1990 36.35 70.45 -34.10 51.60
Animal husbandry area 2000 34.21 77.44 -43.23 44.18
2010 43.20 88.46 -45.26 48.84
2020 52.71 89.37 -36.66 58.98
PARAIX 1990 138.89 143.32 -4.43 96.91
Semi-agricultural and 2000 172.26 152.59 19.67 112.89
semi-pastoral area 2010 191.06 165.03 26.03 115.77
2020 213.17 175.77 37.40 121.28
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R5 19902020 FERBFERERETLTHERLBATEATSIT
Table 5 Statistics of grain supply and demand balance grades of counties in the Qinghai-Tibet Plateau from 1990 to 2020

1990 2000 2010 2020
Grade Type Bt/ A et/ % Btk A et/ % Bk A oA/ % Hig/ A et/ %
Amount Percent Amount Percent Amount Percent Amount Percent
JU 4k Critical shortage 25 11.68 32 14.95 40 18.69 40 18.69
M EJE B Shortage 94 43.93 87 40.65 80 37.38 69 32.24
I FLE-A7 Critical equilibrium 58 27.10 51 23.83 47 21.96 49 22.90
ML #24% Surplus of grain 12 5.61 13 6.07 13 6.07 17 7.94
A E 4 Abundance of grain 25 11.68 31 14.49 34 15.89 39 18.22

3.3.2 MBS o

AR T 0 2 5L AR VG T B PR L, T A 3 T 7 TR ) 1990—2020 4175 80 s S R B (s AE AR P R AL
AT (B 5) o 1990—2020 4F, 75 el =g SR B2 (I 5 10045 1T 247 2R 04 R g L 75 1) B 249 LA w41 4 s e
g PRSI ZR ™ FEAE , FIZARFAERI AL 1) LB 2t o BAARSRAR, 1990 4F, 7 i ieg RO B 75 0L & il 2R 7E 2K 1Y
HEALTT 1) L XIHCF-Z2, Fh s i ik, 2000 AF AR EIET LA B AR EE T 1990 4F il AR B R, R AL 5 1) L
AR I 1990 4F B WA | 3R] 2000 475505 IO £ 16 o PR 0 AR B IR, v 1 P 5 75 =3 Do v 48
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HCE BT 18 50 Tt

B4 19902020 FEHSERBUFTLEZEIES
Fig.4 Spatial pattern of grain supply and demand balance in the Qinghai-Tibet Plateau from 1990 to 2020

JE M 25 S, 2010 4R e R B HERR LG I AEr I 5 ] L3¢ 2000 4F & A28 4k, BRI SLA i 26
Jboits 2 (BB 4 v , #0052 30 5 6 o B G SR A oK JR - B 1 DX W A R EE A R H R s 4 S BT 8 S, i
X 7E 2000—2010 4[] AR B (L5 L2 A s ) -, AR B e B LT s/ A B A ML AN LTI 38 22 T ek 4 s )
AR, AR e S LT 38, S BORg A 1) LR (L 2 7 19 v SIS B P b ) R R R R A
2020 4, 9 e U B T ih R AE mg I 7 110 5 2010 AEARRL, 1M 43 PG 5 1 b 004 il 2 DU 0T - 2% , 5 7 i
DX p b e AR AR BE TS SR FT B, RS UG, G e D DX £ BTG A 25 (] AR 8 S IR VG 3 v
A% AL AR AR Ry, (F R A A R B 28 A b DX 3 3 A 1 75 s R LR A AR R -2 1L X
THIELZ i, 5305 A Z R 0 1) 6 P 7 e, 0077 R v AR £ (AL 5 1 it =g e BV P R i i A ) R IRAS TR
CERT

4 FREEREUEFEEELZMERSN

4.1 5N R AR AR L

GEA AN S 3 e v ] B 7 e SRR £ A PR R S IR AR AR R R I M B2k S ATk
PRSI, DN A SR S5 B R AN T K K 3 AN J7 TR I 10 N8 b S 7 9 s )RR B A 77 i 25 0 5
KSR RIGIR AR TR (3% 6) : DAL HuIE K U5 52 M A A 0 b A 179 0 2 B ) S, 77 v D 38 ‘i 5
TV e i B3k B ELA 0 25 AR DG | 7€ 1000—6000m i VR 1l X I 5 M = B 22 ) 42l 2 i et oG &,
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5 EREERNSEMRERENERTHEEEINGE
Fig.5 Global spatial trend surface fitting map of grain supply and demand in some years of the Qinghai-Tibet Plateau

e RS AR AR AL S BT DA 7 12 5 it DR P i 22 S O R A2, PR b - 24 394 i e i e b JE 2%
T2 IR RO I S oK IR 2% s @55 3l Lty BEAS IR B AN H AR T2 1 4 bl 4
AZZR Horh 55 G AHARBRBGEA MR ZRR | BEASA AU 3 T R BB A SR B R, &
Hu A A BB T AR R  RHEBA IR R G5 HERIR ; O X855 52 7 19 B w8 A B T3 ol [ 7 45
BEANA: R AR RE PO RO X 22 A BUE A M X 25 A 7 BUE R AE 2 55 R SRR

*6 BEHERRREFHESSHMERERER

Table 6 Indicator system of influencing factors for the spatial and temporal differentiation of grain production on the Qinghai-Tibet Plateau

HRZ G EL AN TEbRERE Hf
Element layer Variable layer Indicator layer Indicator explanation unit
EpS S AT Prites e X, S BB A AR m
Natural conditions HP A1 BRI X, & SR 53T T Hy 3 B (*)
KA AT R X, - ELAT SR T AR At T AR L) %
THRBA TR AN M55 3 T1 X, HIES AP RN I A 735 3 0 55 30 A
Element inputs +HE R AL TE AR X & Bk R km
PEARER AU E) ) X AV BB 1 Y EE D2 F Ji kWh
PN R HH e B X, R A T AR A AL kg/km?
PHEER AR B EE Xy ATl B RO AR G SR B H %
SRR E Z PR H XA RE X AR B 2 R 7t
Economics R NI AT SV X NEH I Bl R 28 R pI

275 i A0 e [ R G s SRR T 9 B SRR T A A B A K- (T 2 25 A R B T 3
P 4 AT TR O A8 bAl 1 75 s IR B B I 28 0 S SRSl A R A8 AR IR R (R 7) - O BRI L I
FEAL ARSI RN T EE AR F A BOBAG B I 2 R 1 RS AR AL s T Bl S RE S A A B A 239
BT RFRAL N B ACA KR 2K WA B B 6 s BB AK DR T B A B DA A 22T 3%
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vty 2 1 IS I — < P33 PR RS B U 28 140 0 (L e S CH T o A S 1 114 S SRR 2 5 DB W B iy A 1
AT RAGr AR PR BT 2 MSh M S I S P ORISR ORGS0 S o3 U R AR, I ShAE 4 £ 0 1 2% L
FIRELZRAR T 2% LU B B0 2 4l A8 (0 25 57 ; (OIS 11 37 14 228 3 R 52 308 LA e 7K - 5 MR A1 B £ 0 ) 0 A
EHIEM: | BRI EL G P 5 M A 7 v B 5 o 0 R S A 34 2 s 2 Y T Ak P2

®7 BHERRREENZESSEMERERER

Table 7 Indicator system of influencing factors for the spatial and temporal differentiation of grain consumption on the Qinghai-Tibet Plateau

WRE R £ AN EfeE AN i
Element layer Variable layer Indicator layer Indicator explanation Unit
UNBE): B I DRRIRILE X)) AR RN DR S BT %
Population structure JEEGERY kA LB X, SMENE S BN TR %

L ERCD) IRBUE X, SRBOA T 5 R 9 LA %
AR AR JE BT IEHA Xy JE BT SR A It
Income level 1K ek NI B X 5 PN SLIR2 g Y S ONEE =¥ JioG
T ey B Y EYN LRI X YR Y5 YT 2E L %
Pattern of consumption FIARE5 4 HLAD 2R L X, RURLTE 2% 5 A0 B H 2 L %
BT iAE W YIRS X g 5B b R A PO B R km
Food accessibility AT E S X S ) 20 P A B RS A B ST LR Y S 120

4.2 MR EAS A SR e R AT

HAREAE . A SRAAEST R A 7= 0 A T ) A A1 L 3 2 sk s b 34, L v b T 90 T R e W &, 1990 4
Hi T 3 R R A s (8] 0 S A R T s i) SR TR, LR R R R A R R B VL TV S b -
SEA BRI B A R el | R e BRI M T [ T VR T 2 b R b T S R AR A R R BRI R
R ,2020 AF P 35 B8 9P R B3 TR ELR AT B AR S S5 I A A B, N T A A5 P 11 o v
JFERAXTE K, 2020 AFAF M BRI E 72 R A AR 11 0.1699 , 16 T A H5 AR hHESS 5 45 , AT WL 3R A7 2 5% i 75
9 o SRR B A 7 s TR 40 S A S 2 A

BRBA, ERBEAMN T MBS B IRE TR A AR KM, 1990—2020 4597 8 f1 FlgE AR — )&
SR T R RO X A P A B 2 Rl AR PR R AR RE AR AR R R AR D B LT, H
JE AR AR AL 5 IR IR EE A IR AE K RS R LB R, 20 42 90 ARARALIE 5] HE A
JX R B RS SE THR B) T O VR LR T AT 2 PR 50 366 U, 2020 4114 JIEL i FH 5 5 oF 7= 114
B0 2RI AL RN G 7 AR ) R FE R R, e AR B A AR A 7 (R 8K Bl AT N

ZPHE ST RS E = R AT ) 50 5 0 B R 0 JE R AR KO YT N GDP ML IX A PR A
R RRE P ) B 0 B, 1990—2020 4F 1l [X A= 7 s {0 AR 0 7 ) Ff B I A BT A B b R 3 (v, b
XA P BB DX = UM B SO A5 25 B 5 1 R B, 57 T B2 1) 2, b X 26 B 14 K BB B B sl ]
SEBGERIIE N, 1990—2020 4F- U T DU | 25l H A BT S A MR ot 8 5 9 7 4 98 ) s GDP i L
PSR T) il 4 P AR R R v [ P 9 o e ORI 1.23% 48 5 & 9.01% 3R K

ZE b R TR S SR R I B R A i AR B e B, R B A R, AR &R
PRSI S R (R 8) . AAEFMEE R BN (K 6) £ HEZMEAGURIER ., 1990 4F K LK 152 HAE
FH R S - i i AR et b i, FL v P R i FH 5 B 5 A AR AR R0 55 20 o 1) 58 B B s, 35 31 0.9017 ; Bk b
L AP B B B A RO %5 A PR 52 B A 8 O 4G e e K, 4 R 2009% LA, 2020 4R
M) PR 28 28 B AR FARZR M3 R 0 27 351, 5 439 60% , Herpfalh BHE B o He-S5 A0 MR A 3 o 8938 BARE Y
Ff R 1 IR, SR 0.6940 5 WU F 385 11 351, Hepth X AR 7= R 5 b AUAELEL 201 ) 32 BB B =i, M 0.6184; 5K
VEER BEHb3 AL NEGE SR 38 GDP 5 HA B 758 B fff B 1 34 iR e s , 35 200% D 1
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*8 BEREERAEFETESRERFRMER
Table 8 Results of single-factor detection of spatial variability in grain yield on the Tibetan Plateau
1990 2020

B HEIRZ PT35I ¢ {5

Element layer Indicator layer q value of

o (T A FIRM ¢ 18

lue of
q value order 4 vaue o

q {HHEY

q value order

factor detector factor detector

A 9k BEHb R X, 0.2334 *** 6 0.1699 *** 5
Natural conditions BRI X, 0.2441 *** 5 0.0463 9
BEHAT SOE R X, 0.1778 *** 7 0.0922 *** 7
BEEHLA AR 553N T X, 0.8052 *** 1 0.3754 *** 1
Element inputs A X 0.1171*** 10 0.0999 *** 6
AU Bh F7 X 0.6443 *** 3 0.3507 *** 2
ARt FH =5 X, 0.3193 *** 4 0.0785 *** 8
V=S INAT D 0.1555 *** 9 0.1735 *** 4
ZUHE Hiu XA S X 0.7228 *** 2 0.3302 *** 3
Economics NI A= BME X 0.1697** 8 0.0239 10
Horr, s x FOR BEVE P<0.001, ++ FR BFEVE P<0.01, + FR BEME P<0.05
X; 02334 199047 A 7= B 28 B
X 0.507 0.2441
X3 0.5691 0.607 0.1778
Xy 0.8052
X
Xs 0.6443
X7 0.654 0.3193
Xg 0.4317 0.4564 0.6003 0.1555
Xo
X0 0.1697
X X X3 Xy Xs Xo X7 Xs Xo Xio
X, 01699 202045 A SR A HLARM
X 0.2936 0.0463
X; 0.2791 0.235 0.0922
X4
Xs 0.1772
Xo 0.6261 0.4771 0.3507
X7 0.4348 0.2321 0.2037 0.6191 0.0785
X3 0.2541 0.3196 0.3345 0.694 0.2771 0.1735
X - 0.4308 0.5352 0.5416 0.5917 0.3302
X0 0.2903 0.1068 0.1579 0.1193 0.2603 0.6009 0.0239
Xi X, X3 Xy Xs X X7 Xs Xo Xio

AETER D RE T dekrknn [ R TR RS

Ee6 BHEHmEREFEZESREFRZEER
Fig.6 Spatial differentiation of grain yield in the Tibetan Plateau by factors interaction
Xy HEH AR X, BRI B s X B O R s X R Y 57 20 3 5 X BE TR s X g ARV MLARLE B0 0 5 X, < AR it FH 3R 5 X < R
FHEE G 7 LG 5 X« ML DKAE 72 B 5 X« A M AR 7 B

4.3 MR B 18] 23 S R WA DN R A AT

N IR ICEE I N R Bl o AR £ 2 ] S 14 A B T AR O RO A5 A8 R 5 A0 RN 2 454, 1990 4F
1 2020 AF /R RO L 1 19 e R D AE TR IR T R 2 4, D EURIG S 2 & R B AR = R B LSS 1R 5850
eI fase i ELAR A [, S BOE MR Y 9% i s A | et AN £ A0 0 | IS £ A5 1A, 2K il R PR A
TR SR B b T o LU BRI I R S 0 Bl T B R R R R R AR A
A5 25 T AN R B SNSRI 55 T 2 A5 A B, 79 e UK N T EL A 1990 AR L3 I, B =2 i >k
R AR A 16 7 ORI 98 SCA , — O 5, AN N i3t DR AN D B 4 2 | HAMRIR SO 57
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SCAR S S ARAT | J5 5 R S % A R s Rk 1A i F 914 v 4 e IX X A 8 TR 2T MG A B Rk
ARECN SRR AN AL 3R A 2 75 7 1 DR £ T 228 ) 3 S s i A 7 AR L B A IR, 2 BR T
FOREE A, N VR O R £ T 3% 4 18] 43 S 1 P Y i B T R AR s

W AT B8 K 152w, WA PRV 2R 7 2 R e, L B R 34 2020 4RI A Y i R D) Sk
0.2624 , i FEF145 1990 A48 T 0.1, HA I AKX & TE SR 52 i 2 THEa 3 T S KT i 2 m T RE ik
NIRRT 97 LR | 1990—2020 4F 3 B ] S B A SR 11 9% 45 18] 2 S A f 8 T 2 B T3 W 2K 5
KRBT A 1 DG R BB 24,1990 AR AT A= 16 A AR, BUAS /R REUR & M BTH Y 5 A SR EH 2
[F]OC R B V), B T BA I S A R KP4 5, B 2 S I LU e, A8 SR A0 M £ T 2 152
i 3 R

TP EEARE IR, T TRl R R 9 2 [A) S B S B A B 1 R 0.1278 i B 1 Ak F v 57K 7, HL 3%
TR, iR TEEEAME 58 %, 5 R ARG E DL sh Pt & o 3 B S IR 1 L AR/, Bl
2 FERH it & RN 5 AN RS G 2 | TR ROV IOK TR B S K SR A TG R BT IR B 450 5 I 22 55 45D
Y E YIS LR TR T 2 7, SHALEYIA L, DT R S 2 b B SE Rl AT, T 2 45
A R R RN 2020 AEHLANRTY 2% AR 1 L 1990 4EAT i FRE (B HAE BT A 20 h 4 BT T 147,

YRR BT A R SRS R 01541 AR FUR AR ZE . 75 7 5 J M A Rt | 1 b 654
FREP-3438 B I 3000km ™ | BB AL 7 v ARG T 2 5 W0 45 MR B 31 2 RSN K 22—, 1990 4E T i
BRI PR AR SR 0.2529 FEFTA B R RS 3 10, B 2006 41 A I 1 428 45 F1 2013 4R SR
ON PR T TR SR T RIS SRR R SRR R S ) B A AR B AR, A b A
AP AV BB R 2 AR I 0.1636 , (HHURH X B S MR A 7E B F8 AR h AT R 46 3 137,

ZE b AR KT W nT A BT U 4t R RN T 25 2 R i R e SRR 0 9 s ) 40 S Ak 1)
FEIRSN AR PR 5, B NHREA D FESEER (£ 9), ZHEHFEMZERER (B 7),
1990 41 2020 47 A i [ B 3R sl PR 2K 101 52 AR FH 0 A A8 25 i 1 S DR AR A A A, 45 3R sh IR R Tl 14 58
AR PSR Ay Al L 1 i 2R R0 XU PR - B i A 2R | L D AR i i AR o T | 5 I R e DR T B s ] ) S
S N R ARLRERR A B0 45 S, 1T 5K Bl R 28 170 52 T A FH 2 18 oo £ 104 21 28 1) S B B 10 L 1990 4
TH K S TK 14 B 2546 i 58 ELAE R e 1 daeoik , 38 HAE 4K 0.7 UL Ak % Aok A O L 3
iz 25 H A PR 7 5 TS S X A R 0 B T K, 28 AR R R 0 A B P VR T R 150% LU 52020 4
WA 2R 5 HA R 752 AR dei, AR T ) B Ab e 2838 7 2 4540 5 HAth PR 7 58 B ke
FETFRIK 129% U I,

%9 BREERARBRTESRARTRUESR

Table 9 Results of one-factor probing of spatial differentiation of food consumption on the Tibetan Plateau
1990 2020

HRE ELY PR g fE

Element layer Indicator layer q value of

PRI ¢ fE

q value of

q T

q value order

q THHEF

¢ value order

factor detector factor detector

YNEE3)79 DRUR R I E X, 0.3949 *** 1 0.2071"** 2
Population structure LIS INER 0D oA 0.1033 ** ] 0.0748 *** 7

WAL X5 0.0884 **" 9 0.0747** 8
AR J& BA] SN X, 0.2076*** 4 0.4603 *** |
Income level N F X5 0.3074 *** 2 0.0646 * 9
TH 24k P EYIW T X 0.2076 *** 4 0.1224*** 6
Pattern of consumption AR B L X, 0.2069 *** 6 0.1331*** 5
L/ i TR X g 02529 ** 3 0.1636*** 5
Food accessibility R E X9 0.2005 *** 7 0.1447 *** 4

Hodp ) s IR BEME P<0.001, =+ FRm W EME P<0.01, = 2R BEM P<0.05
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X 0.3949 199047314 2% B 28 HL AR

X1 0.4666 0.1033

X5 05071 0212 0.0884

Xis 0.5312 0.2879 0.3142 0.2076

Xis 0.6812 0.3298 0.3844 0.7063 0.3074

X 0.5312 0.2879 0.3142 0.2076 0.7063 0.2076

X7 0.5676 0.3263 0.3258 0.2076 0.724 0.2076 0.2069

Xig 0.4711 0.3628 0.3418 0.3152 0.5751 0.3152 0.3397 0.2529

Xig 0.6783 0.3007 0.4091 0.618 0.3905 0.618 0.6444 0.4698 0.2005
X X2 Xi3 Xia Xis Xis X7 Xis Xio

Xu 0.2071 2020431 B TR AL ELI

X2 0.3704 0.0748

Xi3 0.3508 0.2741 0.0747

Xia 0.6239 0.5787 0.5601 0.4603

Xis 0.3847 0.2299 0.2791 0.5191 0.0646

Xie 0.3921 0.2073 0.2368 0.5881 0.3558 0.1224

Xi7 0.2607 0.1827 0.1657 0.4781 0.298 0.1618 0.1331

Xig 0.3528 0.2383 0.1994 0.5691 0.3138 0.2569 0.1828 0.1636

Xio 0.4065 0.2935 0.2815 0.5091 0.2971 0.2961 0.2497 0.3269 0.1447
X X2 Xi3 Xia Xis Xis X7 Xis Xio

B [ TR B2 ez

B7 SHEEREFETASREAFIEER
Fig.7 Spatial differentiation of grain yield in the Tibetan Plateau by factors interaction
X,y DBBRIE LU X SRR AR X B X S BT SCEHRA s X 5« ABIAE 2 SRR A X - S W R L s X LA
TP X g TR X g ST AR

5 #ig

51 FEZER

DA B 214 DS BRATECRTT AR FE R G, S5 5 R T S gt 7 B Tl A L 2 )R 34 43 B ik A
KT TS B0 BRI ZRAR A | #RST 1990—2020 47 ik 2 AR 12 (I 55 ST 10 s Jeg I 23 A8 Al ik R e HL 2 )
I, FEE5BT .

(1) 5 98 e SRS AR RE SR B A 4, (L J) o P o e [ RS A A5 BIAR A e, 1990—2020 4F 75 J i JR MR 1
F 2% 0 106.53%4 55 2 120.21% , XA B IR G R o BT 1) (L5 A o 08 77 e JRURR 12 (L5 1y
L IUAR VG v P AR R b AR AR S, R R Bl A B R 2 AR X A S A AL L I v R
T 1 AL SR A 2 b G S R 3 v L e 75 DX A R DX, A0 B8 T 5 R A FORR £  4 DX R P e 4 1L )
“ VLT G TR A R R 1L e DX R A b DL R AR IR - B Ll X B S Al DX, DAL B oA
It S DX 2 A5 R A A T e S p AL 2 X

(2) RN A T B R A 25 S TN T R SR KO- 22 FE 2 5 W 7 s SRR B - i S ) e ik i R &R, A
SRR 25 XM A P BRI D R, Herh L rh 55 30 07 RN AR — R S e e SR A T A E Y 2 A
AR AR AR B B ) T R AR A B ) 3 BT, M IX 2 R BEAR A [ S 4
ORI PR Ay SRR AR B R S B U RIS SRR A

(3) WK YT ikt B WIS 2R A ke N 12 ) 7 e AR £ 0 2% 2 [B) 43 S 0 o 8 0 Ak s 551
SRR Z RIS M AR AR PSR 3) 3R (8] 52 BAE S A gl 2 s Rl S i e i, 5
1990 4% A8, A AKX KR 11 2 23 (8] 43 5 B s i g it —2E 5 Ak | SO AR £ 5 ) A o S B
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5.2 THeRE

T e R 1 LR P A 5 U A5 A T AR 0 2 SR A AL, A SO IR SR 45 2R 5 © A B T AR S — AR
B, (1) THPRGETH Ik B B e T DR A A SR, AR B 45 AR 5T, 1990 4F 2000 4F il
2010 457 78 =25 T (P AN T T ) R A 4R R 72.43% (65.89% 62.52% , MR 4 A SO 45 B 1990 4F
2000 AF-F1 2010 4F 75 51 i J5 R0 40 (PO 516 ) AR A 258 43 3o 102.75% .88.69% ,88.12% ,3 A 4F-A5y
() E 25 5K 38 8 T gk, W R T R B Ol 6 B 7 2% 19 BTk, N 400kg (AR 8 % /KRR
T FH T SR DX (2) FRDRR AR Tl AR o 7 G e SRR T B 1Y 35% 2 A7 H R B Kk, AR Bk HL A
B, HRAE Shit'7 SERFT, H % 8 R A T B 22 M e A5 ) AR T 9%, 2010—2016 A7 7 K 1o Ji 4 3k A
B ASHRIE 173% , WATFIE T 50 N E T (3) AR5 A P A 25 AT, ARYE = A s,
2010 4FEPYEUR BT PR AR S A 45 80 0l M 2 i 88.81 J7 (RS AP R A H I 2% ) A1 95.81% , 4R
P A SCIAI 25 S 2010 4F PG A R TH 3840 95.58 T3 t(HAEN ) A1 94.57% , — & a3

B T R SRR [ B, T SR T RE IR AEFEAR B LA SR PR A, T EOR VR LA BRI
F, B 70% L R R 25 L E & 20 HEAD 90 4RI 70% % T FEF) 2015 4F 50% B K
ST MRS 2021 AE S, 2020 4E T RRAE S R E R EC U2 TR 30%—40% , 75 BRI
PR S R U O R X RO T 9% LUK 3 AR B &7 90% 2 AT, KRG A 9 s JEAR A b A, K
RIEA NI HLHTIZ s ORI B LA/NAZ SRy 3 AR /N7 it e 2 HL 7 e BRAS BB TG 2 24 0 9 oK L AR I 1
T B GE M AMBIA A, 2010 4F PG JAS RS £ 7 H RN 9% i B AR 3SR AN R AR £ 35.1 J7 ™
ZEH R TR B LT S5 A PE P IS, I EL R TR R R AE AL T B W T SRS A AR I RO AR B L S R T I
ATREHE R,

FT U EE5E KNS 42 PUF E . (1) InsRHl X 5 H oAb X AR B 7= 8 A 1R, 56 % N A8 8 S Al
i, 2 HFRERETRR ], b v R T AR RO X AR T R O TR KEE H B, RBREEAR X RS
TR A, — D7 T A A S — YT =0 I ATV A L A T 2 b v s v AR A R | = VTS b
Hofs FEL AR RIS A /K Rl s 1V e DR B M Y A4 B AR e o s R Al B A SR ) i b S5 it , PR A < £
B, 55 NS SR, 38 5 £ BELON I S R A B 5 ) — T, RO T 8 5 P = K (=4 A1, 9F
130 B L ZE A IS AR R P T EE AR AR R T aE . (2) IHEEVE R A5, SR I B
HAMBE R, Aol B2 20l BRI K GR35 % Je I S A it Al , ) 1 B 4 b 43 o
BSEAT R A FPASAE BN AS g SR IR AV ) 7 ek At 75 p e JE A = U b DX A S0l B 5 L e 4
TR MR B AR A, TR 2 S N0 48 4 38 RS SRR o, b & i e JRLRe e A Ol 386
A= BN, S AR R XHETHE RSB F K A B L, (3) Mg BHE R, e B A
B WK HEE D A 150 5 it BB S A B R AR A B S AR RS AT SR DR AL A BRAIOR & A e e e
A , 3 — 2L B RO A AR BT A E R, (4) 5835 5 > MR B TH 9% AEE N AR B A 2 IR 3R T DA
TR M KAy H D T AR i 5 45 H |, 350 07 X TR AR TR & S BE T
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