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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
LA o

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
SRGRS LT E. AR SRR, BoaETHEES RGP ITE R ES R GRS A A
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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. R
2.1. RXER

KT % TR VI35 WL 2280 QT mE. b WIRE) . EWRGER. DI, S0,
ZRAE 11 MEGATEX , AL H 205 75 km?, 54 E 1 21.4%, 24 A CRIZ5, Hid 4 E 1 40%.
KAT A3 R RN, SRRE, AR, IR, EXIREL 17.7°C, MW EZ4 1000 mm,
TR, & B AN A R AR AE . Ve E ARG R RS IX I, KT AR R 5o
PR Y B SR AR, RO A 5 A A TR S X
2.2. BIEFKIR

25 H DX FR AR T AR 77 B S A AR SR YR T 2004 2009 2014, 2019. 2024 F 1) (R E G HFE%) 5
KFES AN BRI ET 2024 1 (AR AR G TORRE S )« IR B33 R A IPCC 255
DOPA R . PP TR I RE SECRIE T AR, 1eAh, AT HBRIE IR SR = A, %0t
TR R FNRGH T E AL 2023 S HIARHEN A N SE T

2.3. IR RE
AT AR E W KL AR R e A S KRG RS IE, 2% 50 AWFFE[107E H 0 a4 ik
5y WITTRS . XFRSS. RIS 4 — RS ThRE, 3t 11 T JURSSThRE, 3% 1.

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

* 1. KIRFHFRRESRGEMBSNEERER

55 D g Bl g me st LARIWIRES W ETT 1A
fHhen 55 A A [IEEZ LR IERES 1E 1)
JEAA LA [IEEZ LK IERFS 1E )
RS SRR BAUAE 1E )
PNt =R RS 1E )
IR RS I 1E )
TKIE 77 RS 1E T
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SCRER ST TR [ERZ L/ ERES iEm
TR IRFE DERZ N VIKIERES iEm
TR EA IR I=RFS Em
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EZRREE S I = TR BB i

24. MREFHESRGRSNMERESZ
2.4.1. HARFZNEZE
(1) A= r=mE
VA AR PR AR IR A5 B AR S RGP SRR AL T ARG RR R S, ARl T
PHEEE BEZAE . R ARN:
V=307 M

KA, ViR SAEFENE, Tt/ QRS | MRS ISR, 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

VLN DL e

() EMEA P ME

MBS RGAEA T AT T AR MRS, A T TR A B RARE, X L84
BEEAT €L e, BT LURT DU A 3 0 (R A S E . THBEA 0N

V2=Qi><77i><ﬂixPj (@)

X, Vo NEMEVEPNME, To/as 0 NE | RRIEDIFREFF ISR R, ASORIUREA . NEMEK 3 K
RAEVIRIUEE R B BN 0.78 076+ 0.95 [11]; 4% i ERAEMAEFF NS, FBE. M. TRES
EEAI SRR T ORI Je 5 il = SRRl & HE G B 2w 1 R H8 # (1047) ) 20 UE 1,323 1,718 1.269;
PoRAEFFNAS, N 180 Je/t[11].

2.4.2. BAHRFSMEZE

(1) AARWEHTINME

R A R RAEYD @G E VR RIS — S B I F RS, T R AR S &, 4ERE R
FEH B AT A NE . TFRAR

NPP:%(l—wi) 3)

i

V, = NPPx1.63x27.27%x C, + NPPx1.19x C, (4)

X, v ASEIETTNE, To/as NPP RRAEVIRNGRIRAET= T, t wi N | RRAEMBI & KSR, IKFE.
INEE L KA EUE 14%- 13%. 13% [12]; fi A% | RERAEVINET R 2 5EUE 0.47. 0.35. 0.35
[12]; C. A COx A, HUH 260.9 Jo/t [12]; C, AR On EA, HUH 376.47 0/t [12].

(2) RAEME

A A RGP AR AEYB I B IR UL SO, NOx HF 2547 8 SRRk 242, B KA is e ik
WA RAPENNME. HRE AT
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V,=Y ExC xS (&)

XA, Vs WK, J0/as ENPRALTHIRAR TR @ 2RY5 4PIf %, SO.. NOx. HF. #2443 HL
4 45. 33.31. 0.33. 1,500 kg-hm2[12]; CioN i 295 Y WvaFE %% anagmrﬁmﬁwmﬁ06
0.6+ 0.9, 0.17 Ji/kg [12]; S ARAEDIFETHEL, hm?.
(3) AMEiETE
AR R R Y8 IS 2GR DL OK T 2R o E, FRARIREE, SR SRR R B AR A .
HHRAXWT:
Vi=SxHx fxP, (6)

Ao, Vs NSEEREATNE, J0/as HONFRALTHAAR RIS A&, HUE 81100 kI/hm? [13]; fAHE, HL
B 1 kWh; P, 4T, HUH 0.5 75/kWh.
(4) KIFRFEANE
RHEEZRGETEMZ . AETE AR RELEFEKIEE K, IR LEK S, AR, *h7uth
TKETERBME. HEARWTF:
V6=qp><A><E><S><PW (7

Ao, Ve AZKIRIRFEINAE, TC/a; g, NEMKE; 4 AZETHFR S B REN 0.40[14]; E AF"
WK B AR H SR KRR 2 2, N 020 [14]; P, NFEZREN, N 6.1107 J6/m? [14].

24.3. ZEHRENEZE
(1) FHIERFME

AREAEFEAER RGP RVEYE D MR K L IERRREE /1, b L3RR R R RN E .
AW

0, =Sx(E,-E,) ®)

V7:QS><Pe/(p><l><10,OOO) 9)

A, Vi N HIERFFINE (D) E, A8 IR S, BUE 4.3052 thm? [15]; E, AR H 582 nhie 4k,
HUAE 1.9838 t/hm? [15]; AR SCUA T3 R K5 (T IE R VP4l Ep-Er HIEUE . Pe N AL THIFR 3P 28 2
/hm?; p NHIEZRE, BUE 1.35 g/lem?® [16]; [ ABHEEREE, BUE 0.5m[11].

(2) FEOIRFFEMMAE

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

n:ixex&{g—g) (10)
i=1

L, Ve NFRDRFENE, J0/a Y T8 i o & i, LHRAR. 2. 280 5HUE 0.11%.
0.06%- 1.82% [16]; D; AT 3EHEE i RIEHHITIHMAE, N Py K A HUE 1.714286 Jiot/t. 1.598934 J5
Jo/t. 4400 T/t [17].
(3) FEAEAANME
FRE AP BT R R LIEAR SR 1L 20, USSR R IR B AR . AR
Vo =0 xS, i X D, (1D

s Vo RRFDIEIAIINME, TC/a); O NH | FRANEMII (s Suipie 7 HIAHS | FARAEYIAEA N
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P.K & ERA. /NE T REN N S EDHIBUE 2.4%- 3% 2.6% [11], P & &2 HIHUE 0.55%- 0.55%-
0.39% [11], K EEDHN 2.57% 2.07%- 1.74% [11],
4) =R E
KA RGBSR AL RGP HIES, (REFR A RGP~ AR M E . THE A ON:
Vi,=Sxg (12)

qrb, oVEMZREGME, J0/, e RO H EE Z AR E4ERAME, T 628.20 J8/hm? [18].

2.4.4. IRETRNE

(1) m =SS AME

B AES RE T RAEMEA SRS CO2 CHa NoO S5 2 UM, 8015 =5 800 Il i A=
F . AKX

Vi =2 A % P x(Qe X GWP- + O,y x GWPzyy + Oy xGWP) (13)
i=1

LA, Vi RRESEHRNE, Tt/ AR5 | RREDRIFERTR, 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 %, 3 FERAEVIHE CO HIE 4 HIEUE 7.9+ 9.7+ 5.6 t/hm? [12], HE CH, i & 43 5 EUHE 0.17.
0. 0t/hm?[12], HEE NLO 5 B EUE 0.00043. 0.00532. 0.00146 t/hm? [12]; GWPc GWPcuw GWPy
43N CO2v CHan N2O 1 GWP $658, 43 BIHUE 1. 27+ 273,

2.4.5. RBESARERSME

(1) ERARSSAME(V2)

E RS IME (V)T A S ARG BRI ML A RS . TS SRR SS AR, AT 70 AR & 2
BRGIE RS E N 10 FiIE [ R SAE S0

() SRS INMEV )

G RS B (V) R A AR 25 RG0S AR B 15 e B IR, AR 0 IR B S R G RS

WAEA 1 R A7 e AR &S AN R A

3) BAREMME

RIRSMEEAR S KRG TR NSRS IME, AR R E A R0 RS E N IE 7 R
S ES RS IMER ZME, THEARN:

V,=V,~V, (14)

e Ve MR AREINE, Jt/a.
3. BRE S
3.1. KIIRFEMBESRERSNERB TS

KITLA 51 S TR AP S KRG RS ME W 2. 2003~2023 4F, KITAFHREAENAESR
G RSSE BRI oS B, 20 A 8545.84 127G A 11853.49 1276, WK T 3307.65 12
JC, FHMK 16538 1270; H 2018 42 2023 E R IR S5 ME K 84.54 1270, T B2 T FR/K &R
AR, HIHKITEF R EA = s mERS R, HBEEREZ MK RIS, KiI4
GEAT AR B A= IE A 5 S A B R EL ) 20 SR HRFE, A 11.01 FHE ) 13.40, T B IE [A) A= A0 (B ) 4
WEE T ENE, FEal2 2003~2008 FEiZ A 11.01 #2713 12.11, KA HERERIRE
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Table 2. The ecosystem service value of grain production in the Yangtze River Economic Belt (billion yuan)

=2 KILFERBEESNESRERSMEAZT)

eyt 2003 2008 2013 2018 2023 FHNE
A7 AT 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
A 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 AKIR 1738.00 1959.60 1803.27 2215.52 1952.76 1933.83
T IBREF 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
TR EH 950.64 1,166.78 1,242.06 1,338.50 1,359.88 1,211.57
EWZ R 186.12 203.47 211.81 217.60 214.97 206.79
I 2 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
KILE AR EAETES RGER RS MMERR, RS R RS RS M EEA 8 KIT&HFH

FRAT A= I HELE RSB R ILIE P g S, 20 2[R A 4575.53 {2701 % 6473.52 1470, 15K 1897.98 12
TG, G 94.90 1270 N TR SANME R , AR 77 i A 72 %0 DR A RS54 8 2003~2023 4F HH 4272.99
{CTCFFE A 6034.15 1470, FINEA 5401.13 1276, HEEM RSN ET) 46.45%, EREESAES
R 55 % Gt f £ R D RESCHE . KILA TR & A 7= SR IR I B R ILE P i B %, 20 2[R ) 1247.76
IR 6473.52 4470, WK 464.14 1470, E¥HK 23.21 {70, NATURS M ERE, F20 0 %O
IEF AR ZSANME, 2003~2023 4FH 950.64 AZIGHFEEIE 2 1359.88 147G, FEIIMMMEN 1211.57 {278, HEIIER
MRS E 10.42%. DAL IR plo b ORI b AR VT A3 LSRR B, R4 B L IR ORIF AN TR 0 IR FF I E
IR ORFFIA R IR IEIA RS — B, TR ORF R G A AR A 3 — B A2 RN A LOR
BRI AU AR SE YRR A5, REAF A ZFEEMER N, FEIMER Y 1.78%. KITE
G A AR 7= R 1 ARG (B SR T I RO S, B 1745.47 {263 K ) 2563.72 1270, K
818.25 12,70, HilE 46.88%, FE&H TREEW ™ EAA RIS . KA Z LA
MRS R, HA A FRE AR —E, S GRS KRR E 2 R T %
R AEYEAIAN, SR &EE, FIMEN 1933.83 12478, HIEFRREIMER 16.63%, &
KRN A . 2013 FEFEWNEA AT, 2023 FRIT L5 RN & AR &4 P~ RS G Wb, W
BB KES . RIS T, RESUEHBNME G R, B 853.82 /4 TuIE & 974.43 14T, 1
£ 120.61 1270, JGRIV& % 955.70 1470, NI 18.73 1470, 32 B PR KRG R /N 22 H R T AR BRI BT 28
2003~2023 FRITAEFFHIRE A ES RGE R RS M ERE 22 & T AR, B8 RFERSEeRE
sl SRR BFFIEZ A N .

MAEIFIE EFE MW 3, IKFBEMIAES REMSMMER K, FHMEH 6880.58 1470, HIREIEY)
BRGNS BB 64.34%; H G2 T RIED, FHMEN 1907.28 1475, L 17.84%; a2/
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TEW, SEXIME N 1905.77 1270, (S 17.82%, R R KVEVIESIMAE & UL . KFEEVIRAES REMR
B E SR 2B SIG K, 20 FAM 5857.23 {470 EFHE 7192.68 1470, K T 1335.45 feon, H
2003~2008 (1], 3K 1131.03 1270, HlE 19.31%, FERZKE=EMmAFIEK,; 2008~2013 F£FE &
HH TR R ksl 2018~2023 4R 2B fh T [ I S D MUK RE AR P AR b o NI A S RSt
AR5 Bk RIS KA, 20 4EME A 1370.37 127038 K 3] 2203.23 1276, K 832.86 1470, Hr
2018~2023 FJR S IMME L 13.42 12470, FE2H T BN AR P> 8. TREMNAES RS
RS A E R IIE K SA, 20 SR 1318.24 {2 0K 2] 2457.59 1276, 8K 1139.34 1476, 1E1E 84.43%,

K 56.97 /47T,

Table 3. The total value of ecosystem services of different grain production in the Yangtze River Economic Belt (100 million
yuan)

F 3. KILFEFIRRRBESWESRERS EMEIZT)

RpES 2003 2008 2013 2018 2023 Ty
KA 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
P/ 1318.24 1576.44 1843.13 2341.00 2457.59 1907.28

3.2. KIIZFHERRESRGERSMEZEELSH

JEE 2003, 2008, 2013, 2018, 2023 FEKITAEFFHARE AL AT RGNS M E G FEl 2 5N
44.36~1299.71 1475 57.43~1635.45 1275 56.58~1678.57 14 7T« 54.82~2240.68 1.7%.« 53.89~2097.70 1Z 7T,
BRI “Fi > T > B BEEWE 1. 2003~2023 E16], ZHUES R RS HERE K 961.35 12
JG, MR 84.60%, I 48.07 1476, FIHME HKILAPF A4S RGBS M AR 16.15%; ILIHMRE
AP A S IR B E R K 692.04 127T, H9IE 53.35%, 4EIIHIK 34.60 1270, EHME S KILE 5L
BRGMSMEN 15.83% . KILEFF T PR & A = AR 5 A S RS S AME B LU B 35.71%, R Hi b
e X PEAR B A P2 AR A S R = T NI AR AE S RIS AN E i Ee 35.52% 80 i 28.78%.
M~ PO G YLV A P A A IR S BB AL T 58 —REB, SR RBIE KA. mm. BEIK. M.
WL, BT =800, Hdh 5 2003 ML, 2023 FESMHAES R RSIE LI TR, KRS
(MHEAFRFEERRTE, 2R EN Xk ZE R .

KILE TR a7 S RGIRS M EAEA FEY . AR 4 8] Z2EE AR, 2003, 2008 2013, 2018,
2023 SERITE T KR P2 A2 R GRS AR TG 53 58 40.61~1086.43 {70 45.74~1544.76 1
TG 44.77~1378.10 1470 46.62~1425.60 1470 46.27~1412.91 1270, AR “AiF > Fif > L~
FIFFAE . 20 4F W re AV FE KRG AR 7= AR 38 RGUIRS M E AL B KILA BRI 51, 1E 2023 FRKILEAT
KT AR RGNS MERT 1000 (ZTTHE G, FHNE S KILATF 35.46%, HifbX &
EE 48.27%. 20 fE N EHEARREA 7 AR R GRS A AL THRILA G R A, T2 T3 DOWR & A7 1
BUN, ZUFRIE. 2003, 2008, 2013, 2018 2023 FERKITA A /NEA P24 RS IME BTG 55
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 {278, #4k
SI T Bl RRHIE . 20 4 A 2 BORITL IR /N A AR RS IRS B AL TRILE ST i 41,
SEXIME ST BN 726.71 1 612.71 {278, 535 & B 38.13%F1 32.15%, B KIT 4575 H 2/3. 2003 2008
2013.2018.2023 FFAKTLL G TAKE A& RGNS M (AL A TG 4351 9 1.70~287.38 12756+ 1.19~368.93
{275 1.40~453.07 127G 0.74~620.89 127G 0.29~617.63 127G, BRI « i > T > e ks
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fito 20 FN DU Z B TR A A R GRS IEA TAITL G RIS, FME N 469.58 A
415.93 {27, il 24.62%711 21.81%.
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Figure 1. Value of grain ecosystem services in each province of the Yangtze River Economic Belt

B 1. KIILFHERERRESRERSNE
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