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Abstract; The Hani Terraces, classified as one of the Globally Important Agricultural Heritage Systems ( GIAHS) , exhibit
significant ecosystem service values. The adoption and encouragement of rice-fish co-cropping, an environmentally friendly
agricultural practice, positively impact the enhancement of farmland water and soil resource utilization efficiency, as well as

the value addition of agricultural products. Evaluating the carbon footprint and economic benefits of the rice-fish co-cropping
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can provide an objective assessment of its compatibility with the sustainable development of the Hani Terraces, a traditional
agricultural system. Current research predominantly relied on field trials conducted in demonstration areas, which may not
fully represent the actual production conditions of smallholder households. This study utilized micro-survey data collected
from 385 farmers across 40 villages in 12 townships spanning 4 counties within the Hani Terraces area as the research basis.
Referring to the United Nations Intergovernmental Panel on Climate Change (IPCC) 2006 IPCC Guidelines for National
Greenhouse Gas Inventories (2019 Revision) , the carbon footprints of rice-fish co-cropping and rice mono-cropping modes
were quantified and compared by employing the life-cycle assessment (LCA) methodology, while simultaneously calculating
and net benefits and the net benefits considering carbon emissions for both modes. Results indicated that; (1) The rice-fish
co-cropping mode in the Hani Terraces exhibited excellent environmental benefits, with a lower carbon footprint per unit
area of 5988.42kgC0,-eq/hm’, compared to 6347.90kgCO,-eq/hm’ for the rice mono-cropping mode. Additionally, the
carbon footprints per unit of output value for rice-fish co-cropping and rice mono-cropping were 0.15kgCO,-eq/yuan and 0.
22kgCO,-eq/yuan, respectively. (2) Further analysis showed that in the rice-fish co-cropping mode, the carbon footprint of
the production process and agricultural inputs accounted for 60.19% and 39.81%, respectively, and CH,, N,O and
fertilizer inputs were the important components of the carbon footprint, occupying 41.85%, 16.15% and 37.86%,
respectively. For the rice mono-cropping mode, the carbon footprints of CH,, N,O and fertilizer inputs were 39.42%, 17.
34% and 41.20%, respectively. (3) The net benefits of rice-fish co-cropping and rice mono-cropping were 26,911.46
yuan/hm’ and 19,049.66 yuan/hm”, respectively, and the net benefits considering carbon emissions were 26,531.02 yuan/
hm” and 18,646.37 yuan/hm”, respectively. Compared to rice mono-cropping, rice-fish co-cropping has higher economic
benefits with less environmental impact. This study suggests that the positive contribution of rice-fish co-cropping in
agricultural carbon emission reduction should be emphasized and the key aspects of carbon emission reduction should be
clarified, and the application of rice-fish co-cropping in the conservation and inheritance of the rice cropping system of the

Hani Terraces should be highlighted.

Key Words: rice-fish co-cropping; rice mono-cropping; carbon footprint; economic benefit evaluation; the Hani Terraces
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Fig.1 Research boundaries and processes of rice-fish co-cropping mode
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FRAC ;s /2 LA LA NH AT NO -N JE & 1 e, BUE S 0.11kgN/kgN (IPCC) 5N, 0, R ZUL A AL i
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Table 1 Greenhouse gas emission factors of various agricultural inputs and production processes

= AR [k Henk 7%k E= PN
Emission source Abbreviation Emission factor Source
IKFEFT Seed EF ., 1.84kgCO,-eq/kg Ecoinvent 2.2
ZJE Chemical N fertilizer EF 7.76kgCO,-eq/ kg Vg i [34]
L Chemical P,0; fertilizer EFpy05 2.33kgC0,-eq/ kg 7 25 [34]
B Chemical K,O fertilizer EF 5 0.66kgCO,-eq/kg Wi s (34]
24 Pesticide EFpicide 16.35kgC0O,-eq/kg Liang %1%
LEIH Diesel EF il 3.75kgCO,-eq/ kg Chen %[31]
7k HEAE B4 N, 0 HEk

EF 0.004kgN, O-N/kgN IPCC2019
Direct N, O emission from fertilizer ! &h 8
= I .
RALHE A 14 N, O HER

EF 0.01kgN, O/kegN 1PCC2019
Indirect N,O emission from N fertilizer volatilization N & 8
- e .
FALMRE 14 N, O HER

EF 0.011kgN,0/kgN IPCC2019
Indirect N, O emission from N fertilizer leaching and runoff s & 8
TRIKIK T FR B AL 7 B HE T
Carbon emissions per unit of production from EFg, 0.54kgCO,-eq/kg x| . 24 136
freshwater aquaculture
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Fig.2 Study regions
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FHAE Y 86.95%Fi1 82.26% , i NE it F i W& A, 7 0 AR A AR 25 8 AR BAAE 1Y 49.14% , B+ S8 Al 2=
AR,

T2 WEIENKBAERERAILL/ (kg/hm?)
Table 2 Comparison of agricultural inputs between rice-fish co-cropping and rice mono-cropping

A BEAE HpaE

étni {l’e = Chemical N Chemical Chemical . ﬁifde fﬁ fd ]f'iﬁl
fertilizer P, 0y fertilizer K, O fertilizer
Feta L/ ¥IfE 268.4 69.87 32.97 0.86 27.6 13.74
Rice-fish co-cropping b2 152.7 66.26 23.63 0.8 6.44 26.55
f/MHE 39 0 0 0 11.67 0
I5oN( 639 282 105 2.4 50 98.68
TKFE AR ¥IfE 308.67 84.94 33.4 1.75 27.43 13.46
Rice mono-cropping b2 153.03 80.83 33.7 1.12 7.47 22.86
f/MHE 39 0 0 0 11.25 0
S PN 639 324 255 4.5 48.39 85.42

32 REFELAED
RS A fo VR Y R BE 4% AR JE T 2383.73kgCO,-eq/hm® ML 2 T, AK R BAAE 1 AR B 4% AR 28 <A
HEBCER N 2744.77kgCO,-eq/hm’ (£ 3) . FE LR A AR AE e 2545 A 2 70K T K R oA, R S il 2 b
ZHERL
3 BEEFKEEERFRNBRBBILL/ (keCO,-eq/hm?)
Table 3 Comparison of CF,

indirect

between rice-fish cropping and rice mono-cropping

. A A A . . LN
A - ) ) % e sl o
Mod Chemical N Chemical Chemical Pesticid Sead Divsel TR JE 305

ode fertilizer P, 0y fertilizer K,O fertilizer esticide ~ee 1ese CF, direct
FE FILAE Rice-fish co-cropping 2082.75 162.81 21.76 14.11 50.79 51.52 2383.73
JKFEHAE Rice mono-cropping 2395.29 197.92 22.04 28.57 50.47 50.48 2744.77

3.3 A R R

4 R S ERUKRE SRR AR P i R i 70X e, RS AR R AR CHL, R 2378k 2506.37kgCO,-eq/
hm? | % 55 F /KRG HLAE 1Y 2502.62keCO,-eq/hm*, AR AL R N, O BURR AL 1M 5, A AR (19 HE i = h 967.05
kgCO,-eq/hm® & T /KFEEAAERY 1100.51kgCO,-eq/hm? . AN, fa2EFE5HRR L7 A 131.27kgCO2-eq/hm’
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x4 BELERKREREEFTIRBHRETIT L/ (keCO,-eq/hm?)

Table 4 Comparison of CF . between rice-fish cropping and rice mono-cropping

A= 2 N.O CH £ FEH A e AR AL
Mode 2 4 Freshwater fish farming CF jirenr
F LA Rice-fish co-cropping 967.05 2506.37 131.27 3604.68
JKFE BAAE Rice mono-cropping 1100.51 2502.62 0.00 3603.14

3.4 BRI G AN E RS
341 WAL

WA B e S 00 R A 7 5 AR A2 3 i, A5t e A0 AR AR Al 2B 77 ik A 05 5988.42kgCO,-eq/hm? ik
TIKAEEAAERY 6347.90kgCO,-eq/hm? & 3 &7 A 0 LA IR RE BV e 2 700 0 BOK L, %o T fr AR A
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Fig.3 Comparison of carbon footprint composition between rice-fish co-cropping and rice mono—cropping
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39.35 J0/kg, R fa LR T M= B Ol 243.09kg/hm?® 4 1077 (4 9458.50 J6/hm? , KT & , 5 fa 1k
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Table 5 Comparison of economic benefits of rice-fish co-cropping and rice mono-cropping

BRI Sy HARER e fo LA JKFE AR
Indicator type Categorization Rice-fish co-cropping Rice mono-cropping
A Inputs RN 4894.52 4916.32
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RN 1753.23 1695.35
HERA 2865.36 0.00
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2% Revenue RV E 26911.46 19049.66
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4 itig
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