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Abstract; Water conservation and carbon reduction are key challenges for the sustainable development of agriculture in the
Yangize River Economic Belt, and coupled with research on the water-carbon relationship of farmland ecosystems can help
to clarify the sustainability of agricultural water resources and elucidate the pattern of agricultural carbon emissions, and
provide decision-making support for the management of water resources for agricultural production and low-carbon
sustainable development. This paper evaluates the carbon footprint of farmland ecosystems in the Yangtze River Economic
Zone from 2011 to 2020 from the perspective of carbon and water correlation, based on the theory of carbon and water

footprints, introduces the breadth and depth of footprints, and utilizes the coupling coordination degree model to explore the
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coupling relationship between carbon and water footprints of farmland ecosystems. The results show that; (1) the farmland
ecosystems in the Yangtze River Economic Zone are in the stage of carbon deficit and water surplus, with the highest carbon
deficit in Sichuan Province and the highest water surplus index in Hunan Province. (2) The carbon footprint of farmland
ecosystems in the Yangize River Economic Zone exhibits an overall trend of initial increase followed by a decline., with the
highest level in Sichuan Province and the lowest in Shanghai, and the high value area is mainly concentrated in the upper
reaches of the Yangtze River Economic Zone; except for Guizhou Province, the carbon footprint depth for all other provinces
equals 1, and there is no need to utilize the stock of capital. The breadth of the water footprint shows a fluctuating downward
trend, with the highest in Jiangsu and the lowest in Shanghai; except for Jiangsu, the depth of the water footprint of the
remaining 10 provinces is equal to 1, without the need to utilize the capital stock of water resources.(3) From the value of
the coupling degree of coordination, the coordination between the carbon and water footprints of farmland ecosystems in the
Yangtze River Economic Zone has shown a trend of annual increase, but the overall coupling degree of coordination is not
high enough in the time dimension; from the spatial dimension, the average value of the coupling degree of the carbon and
water footprints is distributed in the form of " upstream>middle reaches>downstream" . (4) There is a spatial dependence on
the coupled and coordinated development level of the carbon and water footprint in the Yangtze River Economic Zone, and
the spatial correlation is unstable and fluctuates greatly, which is mainly manifested in the increase in the number of high-

high agglomerations, fewer high-low agglomerations, and more stable low-low and low-high agglomerations.

Key Words: agroecosystems; carbon footprint; water footprint; coupled coordination
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Fig.1 Location map of the Yangtze River Economic Belt
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IPCC 250" & H COHBGHE T .
EFg, = >, G, Xa, x 44/12 (1)
K EF o FRHY CO, 20, BT 16, 055 w MO AE P BORM TR SRR TT o, WS w R
AR BRI BRI R (R 1) 544/12 9 C 4B CO, 1 REL,
F1 BHHARBRERE

Table 1 Carbon emission factors and sources

AN A7 Bk Hel R 8 L2 gl A= 7= Bk He R B L:KivA
Agricultural means of production Coefficient Unit Agricultural means of production Coefficient Unit
AUJIE Nitrogenous fertilizer 2.12 kg/ ke A Mulching film 5.18 ke/kg
WAL Phosphatic fertilizer 0.64 ke/kg A FH 4 Agricultural diesel 0.59 kg/kg
BRAR Potash fertilizer 0.18 kg/kg ANV FHEWE Agricultural irrigation 266.48 kg/hm?
42 Pesticides 4.93 ke/kg

2.1.2 M CHHFZSE
T P R T AE S R G b e R CHHERCR, 5 428k CH, HERCHY 10%9—13%"" , ARAE A 05T, R
CH, i B CO, S BRI T .
EFg,, = D F, X, x 25 (2)
KT, EF o Zn il CH AR B CO, M8, SR NI i F, 3 g i B BRI B, 5067 7
hm?; 8, N KAT LB AR A T3 g PR 26 ALY CH HERCR T (3R 2) B0 vhm? ;25 AR CH, 131
PSR CO, Y AR R

®2 KILFHHEHE CHAHET

Table 2 Emission factors of CH, from rice fields in the Yangtze River Economic Zone

FIK Type i WRT o S s e W wke me mil o Z
HLZERE Sing-crop rice 215.5 215.5 215.5 156.2 215.5 215.5 236.7 236.7 156.2 156.2 156.2
W ZEF Double-crop rice 224.0 224.0 224.0 171.7 224.0 224.0 237.2 237.2 171.7 171.7 177.7

2.1.3 KH N0 Heslk s
KEABRGNEN N,0 A FERE, HEBCR 205 AZKTG3h N,0 HERCE A 84% " , #RAE (A Rl = <k
WG ) , 4 1 N,O HE i 458 CO, M mitiman T,
EFy, = (N, + N,) x (44/28) x 298 (3)
F L EF AR N, O HEBCEHER CO, M2 5 AT N, N, 70 h N,O BRI (R LB A
G AL B H A0 N, O HRACER ) FR] 4 HE i (35 & UTRE [B] 4 7 A2 1Y N, O bk o B4 i 18] 4 7 A 1Y
N,O) , B R JT 1;44/28 2 N,0 5 N 0 F 2 ;298 9 N,0 H8B A% CO, 2 i 2507
N, = (Nyp+ Nygr) XX (4)

SV e AR B0 R s L S A P B 5 SR IR R Y 1/3 15 Xl N, O B BB R 5, i X =
0.109"2" s Ny A FFIA FH L AR P i) 5 LA

>

n

N*ﬂ=2(B/L—B)Xm Xk, +B/L, x e, Xk, (5)

X, B ARIEY) ¢ Y775, iﬂﬁt L ARFIEY ¢ WEATE REGm, ARAEY) ¢ RIFEFFE FR (%) , R FS
FEIAE H 0 AR B 5 Ger 85, BT LIRS FTA B EE RS — 18R 0.28% sk WRAEY) g FEFFE AR (%) s,
FARFEY) g AR L, 4n3e 3 P
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Table 3 Correlation coefficients of crop carbon emission and carbon sequestration

YERFNAE G R FEFF A%/ % W5 H/ % R IE, % Ko BB %
Grop type Economic coefficient  Nitrogen content of straw Root/shoot ratio Carbon uptake rate Water coefficient
JKAF Rice 0.489 0.00753 0.125 0.4100 0.12

/NFE Wheat 0.434 0.00516 0.166 0.4900 0.12

Fk Corn 0.438 0.00580 0.17 0.4700 0.13

K Soybeans 0.425 0.01810 0.13 0.4500 0.13

JH I Tobacco 0.830 0.01440 0.2 0.4500 0.85

4= Peanuts 0.556 0.01820 0.2 0.4500 0.10

Z R Sesame 0.417 0.01310 0.2 0.4500 0.15

H ¥ Sugarcane 0.750 0.83000 0.26 0.4500 0.50

J#Z Hemp 0.830 0.01310 0.2 0.4500 0.12

B Potatoes 0.667 0.01100 0.05 0.4226 0.70
BEIHKK Vegetables 0.830 0.00800 0.25 0.4500 0.90
3K Rapeseed 0.271 0.00548 0.15 0.4500 0.10

Ny,=NXw, X¢+NXxXy, Xnq (6)
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WF (14)

EC=04xQ, xL, % [g“] (15)

v, Q, FR KGRI K AR 1 G i A 0 R U 5,195 5 L, SRy 4% A8 P K B > 4 I, T
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Table 4 Average water resource yield factor of provinces in the Yangtze River Economic Zone region

X3, Region SR TLH5 WL BN TR PN e W Pl HER Payi]
7= A F Yield factor 215.5 215.5 215.5 156.2 215.5 215.5 236.7 236.7 156.2 156.2 156.2

233 KAEBRE TR
IKA BT 8B K A 2SR 38 T 5 K A 75 308 22 1] Y 2208, S 7K B TR 7 S A I e ) O vk
.
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UL x 02
A=W o (26)
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D=JAXT (28)
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Table 5 Criteria for classifying the degree of coupling coordination

i U BE
Coupling coordination
G P2

Type of coupling coordination

[0,0.2) [0.2,0.4) [0.4,0.5) [0.5,0.6) [0.6,0.8) [0.8,1.0]

R e Sl ST eI AP EE B 95 BE P
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23844 (Local Moran's 1) I, #4707
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B A VTR FH K B AF T R, B AR FREIE FH /K 52 1 2011 419 3821m*/hm” % % 2020 4F [ 3167m’/hm?,
SEUCAR FHE IR FH K T SR BB A s 55— 5 TR A A 77 R F S A R, B TR i Al B 1h T s il AL e
iR R, SRR S H 2011 4209 994 J7  F i/ 2 2020 4F 1Y 824 T3 v, IR (i JK K 2 705 45 2
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Fig.2 Temporal trends of carbon and water footprints and carbon and water ecological carrying capacity of the Yangtze River

Economic Zone
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Fig.3 Trend of carbon and water surplus/deficit indices of farmland ecosystems in the Yangtze River Economic Zone
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Fig.4 Spatial distribution of average values of indicators of farmland ecosystems in the Yangtze River Economic Zone, 2011—2020
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LT AR AR S R G R EE AN 6 BT/, 2011—2015 4E S M4 B L B IR B KT 1, (ER0 A2 28
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Table 6 Carbon footprint depth of farmland ecosystems in 11 provinces and cities in the Yangtze River Economic Zone

[X 45§, A5y Year

Region 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
i 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
VLI 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
WL 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
TR 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
VLY 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
ke 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
[ 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
HEK 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
| 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
=M 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Bt 1.51 1.16 1.18 1.08 1.04 1.00 1.00 1.00 1.00 1.00

KILAF AR AR RG ML BN 7 s ,2011—2020 F& A 2l BEREA R Bl KE T
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I
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(b SRS Sl 9y sl SR 1170 11 DA I L IR I i N 7 O R B G 07 N R AR A WL I
I, R {E X AR R RT3 L

x7 KILFH U ETHRAESRGEHEEE/10* hm?

Table 7 Carbon footprint breadth of farmland ecosystems in 11 provinces and cities in the Yangtze River Economic Zone

X 15k Y Year

Region 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
it 9.95 9.11 8.95 8.71 8.72 8.38 9.03 8.23 6.83 6.78
iy 222.50 205.62 198.29 193.71 189.73 188.07 161.93 274.78 153.21 155.69
WL 142.94 148.15 154.48 149.99 150.05 171.98 160.52 89.07 92.17 85.50
T 154.59 147.73 209.40 199.94 191.62 171.43 171.58 168.36 148.79 154.36
pani} 121.48 131.10 129.44 125.89 125.91 110.27 109.19 105.78 90.78 95.37
) 135.08 133.27 198.40 191.24 181.85 177.84 175.38 171.76 151.92 147.13
WL 190.05 187.84 187.11 177.31 168.88 161.21 160.38 150.27 123.26 134.40
R 153.62 156.19 154.01 143.79 150.36 143.68 142.06 111.04 109.46 147.51
pu il 376.04 394.89 675.75 671.21 614.13 492.42 479.40 500.51 371.35 468.53
=M 242.92 280.62 290.24 298.48 303.86 285.31 266.13 246.77 206.53 227.35
M 175.49 455.22 454.81 454.01 453.74 401.40 390.81 344.03 347.98 334.94

34 RHEAESRGKLEIL) ESRE

KATZ P R AR RGK R IBRE IR 8 iR, BRILIARIN , Hok 10 B 04 A S R G0 K R il IR 4 34 46
T 1, BABAK S IR B B AR B 6 AR AL PTG S FE 2L, TR S AR IRA e AR VL9548 32 3 P T A S o
A FHHETR FH /K 2 OS2I | [ 2015 4F 2016 4E LA K 2020 4F M4 T B8l FHK BEIRAF R GEA

xR8 KILFFUNEATRKEESRSEKETRE/10* hm?

Table 8 Depth of water footprint of farmland ecosystems in 11 provinces and cities in the Yangtze River Economic Zone

X 3%, AEAY Year

Region 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
- 1 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
IDIN 1.08 1.48 1.95 1.31 1.00 1.00 1.30 1.32 2.16 1.00
WL 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
TR 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
AN 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
il 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
HEK 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
puji 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
=¥ 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
St 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

KT TR HAES RGO BEINZE 9 TR, 2011—2020 4F-K T2 35545 448 4 FH A= 25 R 48 /K 2
iR 3 Nl N S N o o i N 7 e A = IR T R 7 =2 g = R 1 IO 07 I B 38
3.5 RHAESRGEHAL A YA

R T B R A B K R TR A DR RAERAE | MR A bR 2810 K Bl A5 i A A A 6 45 TR & T
BRI AT, VLT A AR 2R R Gk L il & Bl BE Y (E AN 1 5 FToR ,2011—2020 4F  KIT4 557
o DU )1 R B U B A e i, 13 T 0.8—1.0 Z (0] J& T BE UMM ; S V195 . =R 1L 8IRS K 6 B
A MR BEIEAL T 0.6—0.8 Z 0], J& TR B, B TX— XA T iRZ, i bl 50% ; 7195 Wi
A PR EA T 0.5—0.6 Z 18], J& THRIg UM ; ik PR bR (AL T 0.4—0.5 Z 18], J& T Wil
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G, WA E | b XSRS UME B {5 K 0.647 40T 0.6—0.8 ZJ8], J& T-rp B Uil s b R e DX IR & o
VEEEI(E 435k 0.588 .0.555, 40 F 0.5—0.6 Z[a], J& FRIHNME AL T« B> HiiE> T iE” 128 [a)A% )

®9 KILFE N AT REESRGEKEE E/10° hm?
Table 9 Breadth of water footprint of farmland ecosystems in 11 provinces and cities in the Yangtze River Economic Zone

[X g5 AEA)) Year

Region 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
(i 115.56 109.86 97.24 91.80 97.23 109.05 121.69 115.36 107.54 99.99
L5 4232.14 3208.48 2436.66 3431.95 4371.49 4370.91 3376.94 3252.31 1991.44 3714.70
WL 1342.22 1512.50 1117.50 1410.67 1472.65 1290.75 1239.09 1187.21 1037.38 877.36
L 2830.40 2549.85 3085.43 2645.55 2906.21 3139.36 1813.75 2820.41 2521.60 2186.61
PN 1918.33 1944.62 2312.80 2140.38 2081.73 2108.29 2110.97 1960.61 1928.99 1657.97
] 2518.70 2559.60 2704.37 2715.92 2627.83 2571.53 2592.32 2569.19 2408.56 1922.62
e 3406.88 3433.32 3367.69 3560.79 3333.64 3462.39 3413.83 3216.19 3008.25 2782.96
iU/ 826.59 687.25 886.49 908.60 883.77 898.33 863.34 889.56 787.50 689.24
)i 2686.04 2830.44 2705.07 2933.69 3025.10 2988.77 2966.47 2893.81 2682.86 2205.48
= 1869.88 2203.92 2192.93 2267.02 2292.77 2275.54 2239.05 1801.96 2290.77 1807.70
BEMI 1230.15 1432.72 1509.40 1472.16 1555.39 1581.55 1543.16 1582.40 1430.45 923.70

AT A T AR 25 2R Gehi K e A 2 P I E Ao
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Fig.6 Evolution of the coupled coordination degree rank order of the carbon and water footprint of farmland ecosystems in the Yangtze

River Economic Zone from 2011 to 2020
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