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Fig.1 Location of Yongding River basin
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Fig.2 Emergy system diagram of agro-ecological system
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Table 1 Emergy calculation indices
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Fig.3 Relationship diagram between ESI and
eco-compensation

2.1 EAHERE

FIH 2007 4= TM (thematic mapper) . ETM+
(enhanced thematic mapper plus) IBJEA%, A
BT AN, MR REICOT I E L R S Y
(0 O b VS DR SR % By i B R ) g
HD o MR, FHb, S, KRS R 2R,
i R K, 58 GIS (geographic
information system) ¥4 i12> Mt T RELS HHF T X AN
[FvHSE I ERBE AR, andk 2 o ChET-wt
UK BRARE BERATR ISR, ASCRPER K 5t
P55y X EATBX ) BT BT RISy o ok
7% [EAEM RS B E TR TR R . MR H T
PRV B0, LA A ) Bdb AT Ak A= s b
PERRUEIfE . L 2007 AE LG, ffdb gl ge it



212 ek TR 244

2013 4F

R E SRS 0 KO R, VRN
50/ SNIVNLTINIY 2 SO 111 LN/ & NI B 5L 7/ S
AT ARSI S5 BEE I E « RAFDE SRR
S R TRV IR e P — 58 RIS o DAy HERR
TIPSR S RGN RE(E, B 2 RT3 %K
PEHEAT IS AT IEAN E, o) RGeS A
TR, AR IR 3.

F2 MREXHHER
Table 2 Area of Yongding River basin farmland
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Table 3 Calculation of nutrients run off from farmland
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Table 4 Emergy flows evaluation of farmland in Yongding River basin
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Fig.4 Ternary emergy assessment diagram
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Table 5 Emergy price of annual driving energies and
environmental benefits
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BFRILEK  5.28x10" 339.36 2.32
HFrE Ca  358x10"% 23.01 0.16
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Agro-ecological compensation standard based on emergy analysis in
Yongding River basin

Fu Yicheng!, Gao Ting"?*, Yan Lijuan?, Zhang Aijing*,Ruan Benging®
(1. State Key Laboratory of Simulation and Regulation of River Basin Water Cycle, China Institute of Water Resources and
Hydropower Research, Beijing 100038, China; 2. Water conservancy and Environmental Sciences, China Three Gorges University,
Yichang 443002, China)

Abstract: The aim of agro-ecological compensation is to eliminate the negative effects during agricultural
production, and promote the strategy implementation of environment-friendly agriculture. At present,
agro-ecological compensation standard is greatly affected by the temporal and spatial variation of value, and the
inaccuracy of input cost calculation result. Emergy is an important advanced technology in calculation of material
inputs and efficiency of agricultural ecological protection quality. The paper gave the study method of
agro-ecological compensation standard based on the conversion between emergy and value, as well as the process
to calculate agro-ecological protection cost and benefit. On the basis of defining the components within the
system, and allowing the identification of inputs and output of agricultural production, the annual emergy flows
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were calculated. Then the emergy indicators were determined to evaluate the performance of the agriculture
environmental system. Taking the upstream of Guanting Reservoir in Yongding River basin as study area, on the
basis of calculating the emergy of renewable natural resources (R), non-renewable natural resources (N), materials
(M) and services (S), the total emergy, renewable emergy and non-renewable emergy of Yongding River basin
agro-ecological system were 3.80x10"°, 1.59x10™ and 2.21<10'® Sej/hm? respectively. According to the
calculating data of ESI (Environmental Sustainability Index for the management of agricultural output and
environmental load, assumed to obtain the largest production with the minimum of environmental damage), the
sustainable development degree of basin agricultural production was determined. The index of ESI was calculated
by transforming natural resources, agricultural products, and environment-friendly agricultural production
economic input into emergy flow. Combining the calculation results of emergy, fundamental quantity ESI is
0.1056, which is far below 5. Therefore, unsustainable input or output accounts for a large proportion during basin
agricultural production, which indicates that agro-ecological system of study area is not sustainable, and to adopt
agro-ecological compensation measures is necessary. The respective emprice of the environmental benefits (R, N,
M, S) supplied by the reserve was evaluated corresponding to the biomass production. By combining high
productivity and good market prices, the emergy exchange ratio reveals that the payment for the environmental
services is realized. Considering the environmental flows that the farmers take from protecting nature without
payment, a value balance based on the beneficiary-pays rather than the producer-pays principle, agro-ecological
compensation was calculated as commercial transactions where the environmental service is acquired from the
watershed farmers. The option proposed in the paper indicates that by the adoption of the emergy accounting
method, the government and producers would be responsible for a portion of the PES, and the emprice calculated
for the environmental support and the environmental benefits of farmland should be used to decide who will bear
the responsibility for making payments for environmental services. To realize the sustainable development of
basin agriculture, the government and beneficiary sectors will compensate farmers soil loss preventive costs 400
million Yuan. The compensation standard calculation method of agro-ecological system in the light of emergy is
feasible. Further studies are necessary on agricultural production environmental services, such as the maintenance
of the biodiversity and natural biocenosis, and hydrological services.

Key words: agriculture, ecology, environmental protection, compensation standard, emergy, emergy sustainability
index, Yongding River basin
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