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Abstract

[Purpose]: Based on the multi-period cross-section data from 2003 to 2023, this paper takes the Yang-
tze River Economic Belt as the research area to analyze the temporal and spatial changes of the service
value of grain ecosystem in the Yangtze River Economic Belt, so as to point out the direction of agri-
cultural green development in the Yangtze River Economic Belt and provide reference for the devel-
opment of ecosystems in other regions. [Results]: (1) In terms of time, from 2003 to 2023, the total
ecosystem service value of grain production in the Yangtze River Economic Belt showed a trend of first
increase and then decrease. During the 20 years, the total ecosystem service value of grain production
in the Yangtze River Economic Belt increased from 854.584 billion yuan to 1185.349 billion yuan, an
increase of 330.765 billion yuan, with an average annual increase of 16.538 billion yuan. The total
annual service value of rice, wheat and corn in the Yangtze River Economic Belt is 668.058 billion yuan,
190.577 billion yuan and 190.728 billion yuan respectively. (2) From the perspective of space, from
2003 to 2023, the total ecosystem service value of grain production in the Yangtze River Economic
Belt showed the characteristics of “middle reaches > upstream > downstream”. The total value of An-
hui, Jiangsu, Hunan, Sichuan and Hubei is at the forefront of the Yangtze River Economic Belt, with an
average annual value of 209.770, 169.273, 148.159, 144.897 and 125.506 billion yuan, respectively.
The total value of Guizhou, Chongqing, Zhejiang and Shanghai is at the end, with an average annual
value of 43.899, 42.308, 32.470 and 5.382 billion yuan respectively. [Conclusion]: The Yangtze River
Economic Belt should accelerate the construction of agricultural infrastructure and improve the eco-
logical environment, at the same time, promote agricultural green production, and promote the com-
prehensive development of rural economy.
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AER, A 26 AT R RO B i 1 ORTE PR Ry, AR AE P SO R 2 4. AEIRTT R
MR E S, WA eoE bR S BRI 2RI, HAR TR AR SAES RS I, K
2 RABET KR SR A S IR S5 OB, RS2 DXCBRATAR B A AR 25 R G 55 IOk TR N /b o FERSR
fIwtFe e, T EEINA . WA IR A 5AES RGNS IHER R, Rl e ad X —®f
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EBRGRSMETN T EZ A2, EEHNEBEETE0R, 2L ERRMA RN, A
Pl ERNRE, EMPPNIHERTE. WESRGIRS RS, WEAEP LSRR —H 2.
AR RGNS R BIRBON NRIR B Fh i i, B ES R MAIRS . Bk, WREfmESR
i 55 R N KRB EA MR AES ARG RGN LA . i AT ES RGIRSS I EHE T PR 1
Costanza S5[ 1124, MEIRESRGMSIRERI T NI EIREA . THRIFT . KWL, £
PEfilL B FERIBHE. AESh. BRI, SCIER 17 MR, JRZIRBR MRS T 16 MEMIRRE 1A
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£ 22 K[2]. RS RBIFCESRGMS RN 4 NG EIRAHE. M AOME . L85
P EL AFAEME - W AR (4] DA SRR R 1 2 TS i RO 5 D ik, 745 o o R S 2
MR B AE AP RS « SO UM . AU KIRIRTR . E RS R R
ZREVE RIS VAL 1 BBl A 2 R GRS U I Bh &S PP Uk . AR A S IME E 2R AR
AR RGRAR ISR, SR ZDREIEh A S DR E & SOGEAM IR B A SMERT TR
N SRS RS I E A A AN R VP AL A0 H 2t 48 HAT, RS R GRS U P4l £
R TARMS] 6], FH[T]. FIK(S]. KH[OFEES RS, SR ESREMRS AN EE
AR, EEEPTREE e,

A CAKILA G Lilg. YO8, WL, 28 Yoo, widb. Wi, EER. UL StMM =t 11
AN (T AT DR, SR OKTE . AN TR ES RGE M S IME BT IZA, BEEDR a4
SSRGS IR F RS B A S AR B idE, A RO HER 2 B AR 7 B AR
PE, TR HEAR A AL 2 AR AR T e 8, HEsh b A AT s A e . A FORR B A7 AR S AR
G ER AR R 5EE, X DA S AMEBUR I E, RIS S5,

2. ARG
2.1. RXER

KILAGrmE o (L. 05 Wi, 280 HsGLvm. widb. i) EWrEER. D)1 S0
ZE)IE 11 NMEFATEIX, BIARLZ N 205 5 km?, (4 EE) 21.4%, 28 N OS5, #id4E 1 40%.
K& RNAFE, SRR, AL, WEFEW, FIEEL 17.7C, FEHHENEZ8 1000 mm,
TRHRIK, EBERNAMAKEE. MERNE SRR, KILEFnEER&t5Htas
GrELat oy T B A RPN, R AR R S AR A IR 1) O X
2.2. #HERIR

B DOAR SRR AR . P 2B VR T 2004, 2009, 2014, 2019, 2024 £ (P E S HHEX)
U KRR NS BRI BT 2024 G (RS S AR R BERNC R 2 BEIRTE SR R IPCC 2
ANUAHE R « WAL TR R B SECRIETHICHR. sbal, AT HEBRIE KSR R, 1%
TR O TFARAS TS AER LL 2023 SEIARHEAN #& 2 1fE
2.3. BRI RGE

N T AR A KT AR E A AR RG RS IME, Z% 50 AW 1016 H 214 At 4 il
% PATTIRSS . SCRFIRSS . MEETS Y 4 Ti— RS ThRE, 3t 11 DRSS Thae, Wk 1.

Table 1. Index system of grain ecosystem service value in Yangtze River Economic Belt

F 1 KIAFEFRRESRGEMSNEERER

55 D g Bl g me st LARIWIRES W ETT 1A
fHhen 55 A A [IEEZ LR IERES 1Em
JEAA LA [IEEZ LK IERFS 1Em
RS SRR BAUAE 1Em
PNt =R RS 1Em

'https://www.stats.gov.cn/sj/ndsj/.

*https://www.ndrc.gov.cn/xwdt/ztzl/nepde 70zn/202408/t20240805_1392196.html.
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gk
AR RS IR 1Em
KIEIR T~ BARILIEE iEm
SCRER ST TR ERZ L/ ERES iEm
TR IRFE [ERZ N VIKIERES iEm
TR EA IR I=RFS iEm
G/ E2 T ORI i:aFS iEm
SRR S I = AR BRI B 7]

24, BEEFHESRERENERES 2
241, BAIRSHELE
(1) &7 A= e
7 7 i R 26 A 25 R 7 B R T AR A BRI R = i, AR Pl i
R B, AR
V=Y 0xP (1)

KA, ViR SAEFEE, Tt/ QRS | MRS RIS E, 5 PONSE i MR RTINS, &%
(2024 FAE A= AW ETIE Y PREA. M. XD HIBUE 2874.6. 2534.2. 2598.4 Ju/t; n AR

FE R A .

(2) JEMBHE =B

AR RGAE A AT TR A= i fE s 2E 7= T AN AE = R R, K 26 [
BEEA — @ A= E, BT CART DU T EVE VA A E . THEA RN

V,=0,xnm, x4 xP, 2

KA, Vo AEMEEFME, T0/as g N | RRIEMREF W R, ASCERRES . DNEMTEK 3 K
RAEVIRIEE R BT 30N 0.78 076+ 0.95 [11]; A% i FEREMFEFFES L, FBE. e, RES
bl B SRR T CORAS5 G 5l s SRR A HE U 504 B AR e 3 (A7) 43 BUEUE 1,323 1,718 1.269;
PoNFER R, 9 180 T/t [11].

2.4.2. BHREMEZRE

(1) S FIME

KA RG R AR AEYE I e A IR SRR R R R, T KRR AR S &, RS H
AR T B AR I E . TR AR

NPP:%(I—WI.) 3)

i

V, = NPPx1.63x27.27%xC_,+ NPPx1.19xC, “)

X, v ASEIETTNE, To/as NPP RRAEMIRNFRIRAET= T, t wi N | RRAEMBI & KSR, IKFE.
INEE L ORI EUE 14%- 13%. 13% [12]; fi A% | RERAEVINET R 2 5EUE 0.47. 0.35. 0.35
[12]; C. N[ERE COy A, HUHE 260.9 7/t [12]; Co NAEFE 02 HIEA, BUH 376.47 JT/t [12].

(2) RARHWMAE
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AR A RGP AR AEYDE I R SO.. NOx HF 2545 33 AR 2, PR RS s Ye M ik I
WA RAERME. HEAXNT:
K‘:Zn:EiXCiXS (5)

X, VKA E, J0/as ECNPAALTAR FIUS i 575 e &, SO.. NOx. HF. #3724 i H
fH 45. 33.31. 0.33. 1,500 kg'hm™2[12]; Ci A i KI5 RMBNEEETRH, SO2. NOx HF . #3242 73 7 HUE 0.6+
0.6+ 0.9. 0.17 Jt/kg [12]; S ARIEVIFHE A, hm?,
(3) AMEiATME
RHEAZS RG0S 28 M6 1E FH DU OK T 28 R ofcig, FRARIRRE , e mrie FE Fr= AR i .
HHEARWT:
Vi=SxHxfxBP, (6)

KA, Vs NRERTIE, Jo/a; H NS AU O #va, BUE 81100 kd/hm? [13]; £ 4, HL
B 1 kWh; P, yefr, HUHE 0.5 7o/kWh.
4) KIFEFEANE
KRHEAESRGEHEWE . METET AR REE KR E K, LKy, WATHRER, s
TARFTREBERNE. HEARWT:
Ve=q,xAXExSxDP, (7

X, Ve KRN, T0/as g WERRKE: A NZEFRIF=0 & RK A =G 040 [14]: E N7~
WK A N AR SR KAEREZ 2, N 0.20[14]; P, NEREN, N 6.1107 7o/m? [14],

243, IRHRENMEZRE
(1) HIERFNE

RS RGP ARV B ko L3R AR T RE 7y, IR b L33 IR R A R SR A AL . T
BEARKUT:

0, =Sx(E,-E,) ®)

V, =0, x P, /(px1x10,000) ©)

Kb, v A RFMECT): E, R B, BUE 4.3052 thm? [15]; E, A H IR TS %,
HU{E 1.9838 t/hm? [15]; A SC LA 3B LRFR P IME R VPAY Ep-Er FIEUE . P N AR LS IURRE, T
/hm?; p NEIEZRE, BUE 1.35 glem® [16]; [ ABHERE, BUE 0.5m[11].

(2) FEOIRFFENME

RHEAER RGP RAEYRD LR, REF LT A RME. HRAX T

V=3 ¥ xD,xSx(E, ~E,) (10)
i=1

K, Vs NFRDRFFNE, Jo/a Y R BIEREE § B3R aE, LIEAE. 2. 285 0EUE 0.11%.
0.06%- 1.82% [16]; D; N3 s i K73 s, N. Py K 7307l HUE 1.714286 J T/t 1.598934 i
TG/t 4400 TT/t [17].

(3) FAEHAANME

A=A B T ORFe AR AR R (b2 1k, RN SR RIER IR 0 B AR . THE A -
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v :QIXSm',pi,kixDi (1)

s Vo LoRFRDIEHAINAE, T0/a: O N § RERAEDII T () Snipii 73 WA | FERAEVIEN N
P.K & ERA /NE FRIEA N & &0 HIEUE 2.4%- 3% 2.6%[11], P & &5 HHUE 0.55%- 0.55%-
0.39% [11], K &&EHN2.57% 2.07% 1.74% [11].
4) ‘EMZ A
AR RGUONENEY AR A B ST, (RFR AR RGP~ R E . THRE A8
Viy=Sxg (12)

b BOVEMZRENME, Jo/a, e NRALHARRH RZEM ZREIE4ERFTE, 9 628.20 J6/hm? [18].

2.4.4. IRETRMNE

(1) = AHTS A

WA AP RS RGP AAEAAEA IR P H CO2y CHay NoO S5 Z AU, 30 5 R4S el i A=
F . THEAXY:

Vll:ZAv‘XPCX(QiCXGWPC‘*'QiCHXGWPCH+QiNXGWPN) (13)
im1

LA, Vi RRESEHRNE, Tt/ 4R | BRI, m?, EBUKRE. M. £K3 K
KAEDD; P oRNEE COx HIRA, BUH 260.9 Je/t [12]; Qics Qicns O 73 IWE NS i BRAMEDHEK CO,-
CHa\ N2O 5, 3 FERAEVIHER CO R4 HIHUE 7.9+ 9.7+ 5.6 t/hm? [12], HEA CH, [543 I HUA 0.17.
0. 0t/hm?[12], HEH NLO 5 B/ EUE 0.00043. 0.00532. 0.00146 t/hm? [12]; GWPc GWPcus GWPy
43N CO2v CHan N2O 1 GWP $6258, 73 BIHUE 1. 27, 273,

2.4.5. MEESRERENE

(1) IEFBRESME )

IEF RSBV e R A S RGBS RS« AT RS . CRIRSS HE AT, AW R i Ak
BRGE MRS NE Y 10 FhIE [ R 5518 i S

(2) RS IMEV P

) Al 25 B (V) 8 A< AR ZS R GUis I PR 5305 e B IR, AR SR IR B AR 3 R G ) iR 5

P9 1 A e RS ANE RS AT
(3) B RSSME
SRS IMEFRAR HAS R PTREIR LA RS E, AR B E S R G SRS IME N IE F R
FZME S AR RS IMER ZE, HEAR:
V,=V,-V, (14)

A VA BIRSME, Tof.
3. GRS N
3.1 KIIEFERRESREMSNEREAEWL S

KITEPF T S TR AT A S REMSS M E WL 2. 2003~2023 4E, KILAFHREETHIAEER
GL RS M R “JeIb 50" fash, 20 fE[A] M 8545.84 {4 CHI & 11853.49 1470, K T 3307.65 12
TG, EBIMEK 165.38 1476; b 2018 4EF] 2023 F RS IME PR 84.54 1476, FEZH T R/KERR
AP . SHRKILA PR A= S E AR T, BB EZPHKN RIS, KIL&
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FE R B AP IE A 5 A B R EL ) 20 RN BHRFE, AN 11.01 FHE 3] 13.40, Ui BHIE ) A= 240 B A 4
HWEE T AAE, Bl 2003~2008 %A H 11.01 #2713 12.11, B KILA S ERERTHRE
A PR A AS R G IE AME ) TR i P 2 R 45 ¥ YR PSR 3 2K 2

Table 2. The ecosystem service value of grain production in the Yangtze River Economic Belt (billion yuan)

=2 KILFHERBEESNESRERSMEAZT)

EAgit] 2003 2008 2013 2018 2023 EBMN
A= A 4272.99 5210.76 5531.59 5956.15 6034.15 5401.13
AR AR 302.54 372.26 398.03 430.91 439.37 388.62
AR 1745.47 2150.78 2307.55 2507.59 2563.72 2255.02
KA 89.56 97.91 101.92 104.71 103.44 99.51
AT 3.34 3.65 3.80 3.90 3.85 3.71
IR IR 1738.00 1959.60 1803.27 2215.52 1952.76 1933.83
L IRLREF 36.36 44.34 46.95 50.31 50.83 45.76
TR RFF 74.64 81.60 84.95 87.27 86.21 82.93
FROTEH 950.64 1,166.78 1,242.06 1,338.50 1,359.88 1,211.57
VR 186.12 203.47 211.81 217.60 214.97 206.79

I 3 AR 853.82 932.57 963.26 974.43 955.70 935.96
SRS E 8545.84 10358.57 10768.67 11938.03 11853.49 10692.92
KILAFR B A ES RG R R RS MEER, BB R FELE RS M EEA B KIL&TH

FRAT A= LA IR S5 I 8 S I D 3G a3, 20 4R IR] A 4575.53 14015 %8 6473.52 1270, i 1897.98 14
TG, I 94.90 1470 N TR SSANME KRG, R 77 A = k%O IE R RS540 8, 2003~2023 42 H 4272.99
{CICFFEEI A 6034.15 147G, FEIIMMES 540113 1470, HBVEFRSINMER 46.45%, RMWEE~ER
MR 45 R G0 £ D Re S . KILA TR A2 7= I SCRE IR S5 I (i SR BRI 0 i e 34, 20 4R TR) A 1247.76
fICHE 5 6473.52 1470, WK 464.14 {476, FE¥K 23.21 1470, N TS ERE, TR0 %O
IEF RS E, 2003~2023 4EHY 950.64 AZTCRFEEIE & 1359.88 1270, FHNEH N 1211.57 1278, HF|IER
MRS E 10.42%. DAL IR Dot ORI b [ AR v 55 L R R 6, 30149 B IR ORIF AN IR 0 IR FF I ME
THRFFINME R RGBS —B, 720 (R AR SR AR B A — 8. A2 REENME DR
PR T RUA R AR S MR R VR, RE A Z R IMER N, M E S 1.78%. KITE
GET R A PR (R U T AR S5 I B R AR R T IR, 1745.47 {4oa K B 2563.72 {406, K
818.25 1276, HIE 46.88%, FELZ M THREMEWEAAZIIN KBS . KPS DL
TR R TR, A& R A~ AR — 8, RIEI GRS . KRR E 2 ERR T %
W EFEYIERR, SO shIEKES, FEMERN 1933.83 1470, HIERMRSSMER 16.63%, &
KITVRTT RSN E . 2013 SFREM RG>, 2023 FERKITEHEHT 1R N AR &4 P~ A A b, %
SIS ES . ARSI, BESUAHESME GG R, 853.82 {2 & 974.43 {4 G, 34
£ 120.61 127G, J RV A 955.70 147G, % 18.73 427G, Fe 32 B2 5 [K 2 7K A A1/ 22 1) Foft A2 T AR AR T 350
2003~2023 FRKILETHMIR A=A RGUE M RS M A IE B35 m TR RS, £SRGRSDhReRr
SRtk SRR EFFEZE SN,
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MR EFEAE 3, IKFBEI AR RGERGSIMER K, FEMEH 6880.58 17T, HREIEY
BB RGRS BAMER] 64.34%; HUUE TRIEY), FHMER 1907.28 1470, I 17.84%; fJat/hEE
TEY, EMAEN 190577 1275, HEL 17.82%, AT KIEMIEIMAE &5 ELARIE . KFEVEMIRI A5 R GER
Z RAME SR RIS, 20 £ERIMN 5857.23 126 FFFE] 7192.68 1276, KT 133545 1270, Hrf
2003~2008 (1], K 1131.03 1270, HIE 19.31%, FEZ/KRBE=EMIARFIEK; 2008~2013 £33 22
BT PER S0 2018~2023 42 32 B H T P AN B D MK ARG AR P TN AR . NEAEI A S R4t
RSN E otk 2K &S, 20 FEM 137037 {Zo0HEKF] 2203.23 1470, K 832.86 1476, FHH
2018~2023 FFHRSSAMAFFAE 13.42 1270, FE 2 BT RN EFEF AR e RIEMNAS RS
25 O E R IIG KA H, 20 FERMN 1318.24 {2 0I5 K 2 2457.59 1275, 3G 1139.34 1275, SE1E 84.43%,

EWK 56.97 127C.
Table 3. The total value of ecosystem services of different grain production in the Yangtze River Economic Belt (100 million
yuan)
= 3. WIEFEIERMREFNESRERSZMEUZT)
(RVEES 2003 2008 2013 2018 2023 1
IKH 5857.23 6988.26 6953.95 7407.22 7192.68 6880.58
N 1370.37 1793.87 1971.59 2189.81 2203.23 1905.77
EK 1318.24 1576.44 1843.13 2341.00 2457.59 1907.28

3.2. KIIZFHERRESRGERSMEZEELSH

L 2003, 2008, 2013, 2018, 2023 FERKILAFFHE L AR KRGS EAR L TERE 2 5 N
44.36~1299.71 127G+ 57.43~1635.45 1.7G+ 56.58~1678.57 147G 54.82~2240.68 1.7« 53.89~2097.70 {4 7C,
BRI “FP > T > B MW 1. 2003~2023 4E16], ZEUES R RSB K 961.35 12
JG, MR 84.60%, TG 48.07 1470, FHME HKILAVF AR RGBS M AR 16.15%; ILIRE
A PE R A A IR M E K 692.04 1270, BEIE 53.35%, EXIHK 34.60 1470, EHME G KITE 4
BRGRB AR 15.83% . KILE G PR B A4 7 M E I AR S IR BB R LR 35.71%, BoRtid
e DX AR B AR PR A S RN G = T NI IR AR S RIS B ANME i EE 35.52% 80 BN 28.78%.
VOIS G TEPERRR B A 2 AR A RS B A A T 58 BB, SR BB KSR . ZF. BEIR. ST
WL, BT =800, Hdh 5 2003 ML, 2023 FESMHAES R RSIE LI TR, HARE
(M¥IEAFREERTE, SIEE N XIERZER.

KILATEAR B AT S RE RSN EEAFEY AR G 18 ZEE R, 2003, 2008, 2013, 2018,
2023 SERITE T KRB P2 A S KRGS AR TG 53 58 40.61~1086.43 {70 45.74~1544.76 12
TG 44.77~1378.10 127G 46.62~1425.60 1470 46.27~1412.91 127G, BAAZH “diF > Fif > L~
HIRFIE . 20 4F IR FIVL PU KRR A = A S R B RS M E AL B RILA T AT 41, 18 2023 FRKILAE
KT AR REGRSMERT 1000 (ZTTRE G, FHNE S KILAT 35.46%, HifbX &
L 48.27%. 20 FE A AR FEA T AR RS MMAEAL TRILE T R AL, F 2R T KR4 71
BUN, &5 RIE. 2003+ 2008 2013, 2018 2023 FKITEFF NP2 A KRGS IMME BTG /)
SN 2.84~418.75 1470+ 1.44~634.68 147G+ 1.85~715.06 /47T 2.43~946.12 147G 2.15~918.93 {276, 4k
SN > BlE > PR BRRIE. 20 N BURITL RN AR P AE S KRGS M E AL T KL & B
RIS SEIIANE 730008 726.71 F 612.71 447G, 43 5l i bE 38.13% 1 32.15%, #IE KT 57 1) 2/3 . 2003
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2008 2013, 2018, 2023 FKILE G FAKE A& KRG RS M EZ W 5508 1.70~287.38 14.7C-

1.19~368.93 147G+ 1.40~453.07 147G+ 0.74~620.89 127G+ 0.29~617.63 1270, ARSI “ Ly > i >
O HRFAE. 20 AR U)ITRT =7 SR A P2 AR S R RS IMEAL TRILE B i 41, 50 E 738
469.58 Fl1415.93 127G, 15 24.62%AH1 21.81%.
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Figure 1. Value of grain ecosystem services in each province of the Yangtze River Economic Belt
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