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A method of determining standards for ecological compensation in agricultural

areas, giving priority to environmental flows in water allocation

PANG Aiping, SUN Tao”
State Key Laboratory of Water Environment Simulation School of Environment, Beijing Normal University, Beijing 100875, China

Abstract: Conflicting water requirements may exist between agricultural and natural ecosystems. In order to relieve
conflicts, we have proposed a method of determining standards for ecological compensation by giving priority to
environmental flows in water allocation. Agricultural water quota was considered in the calculation of agricultural water
shortage. A water production function model was introduced to determine the relationship between agricultural water
shortages and production losses. The ecological compensation standard for agricultural areas was determined by multiplying
production losses by the unit crop price. Due to the seasonality of the runoff process and environmental flows, the ecological
compensation standard showed annual and seasonal variation. We calculated the ecological compensation standard for
summer corn and winter wheat irrigation stakeholders in the Shandong irrigation district, after ensuring environmental flows
in the Yellow River Estuary. The amount of agricultural water usage was more than the water quota between June and
September. This meant that securing a high level of environmental flow had no influence on summer corn production.
However , water conflict during the growth stage of winter wheat caused a 1611.77 kg/hm” reduction in yield, accounting for
31.70% of maximum production. The calculated annual average economic compensation was 1826.92 Yuan/hm” for winter
wheat irrigation stakeholders in the Shandong irrigation district of the Yellow River between 1998 and 2005.

The agricultural water shortage exhibited annual and seasonal variation due to the combined influences of environmental
flow and runoff. In general, the higher the environmental flow, the more likely an agricultural water shortage. The level of

the agricultural water shortage was 0 —10 X 10° m*, 0 —20 x 10° m’, and 20 —70 x 10° m’, when minimum, medium,
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and maximum levels of environmental flow were ensured.

Economic compensation showed similarly obvious differences after ensuring a certain level of environmental flow. The
scope of the economic compensation was 0 —1600, 0 —3100, and 1000 —9000 Yuan/hm® when minimum, medium, and
maximum environmental flows were ensured. Economic compensation also showed annual and seasonal variation due to the
combined influences of environmental flow, runoff, and crop yield response factors. It is advisable to determine the
environmental flow level after fully considering the amount of runoff.

Variation in the runoff process and environmental flow requirements should be taken into account when determining
different levels of ecological compensation. The selection of typical crops will influence the calculation of economic
compensation. We selected winter wheat and summer corn as examples, as these have the largest planting areas in the
Shandong irrigation district. The water resource value was 1. 16 Yuan/m”’ after ensuring the maximum environmental flow ;
lower than in other domestic cases but higher than in foreign studies. Foreign studies have calculated economic
compensation in a cost-minimizing fashion. The crop with the lowest unit of water value has been used as the starting point.
However, this is not the only criterion for crop selection. Typical food crops, which have a stable planting area and

significant water needs, are suitable for use in determining standards for ecological compensation in agricultural areas.

Key Words: Environmental flows; Ecological compensation standard ; agricultural water use; The Yellow River
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Fig.2 Agricultural water shortage based on a priority of
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Fig.1 Different level of environmental flows for the Yellow River
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Table 1 Parameters for winter wheat and summer corn in different growth stages

BBt 1—2 3—5 4 6—9 11 10—12 J]
Growth stages Jan. —Feb. Mar. —May. Jun. —Sep. Oct. —Dec.
EULIVES g %
(07 B L K Py e . . .
Crop yield response factors Winter wheat
HEK 0 0 1.25 0

Summer corn
TBTEZEHUR ET); /mm K NE
Potential evapotranspiration Winter wheat

RS

Summer corn

28.09 301.94 0 102.22

0 0 547.85 0

AN FIVEL K 8 B T BRI K77 5 ), DA SRR AE T AR S, AR S 1998—2005 LU AR 48 G iH4F %) 153 2l
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Table 2 Maximum yield and planting area for winter wheat and summer corn

Y T 5; 5 DX AR Y L 1)
Crop /(kg/hm?) /(10*hm?) The ratio to the total area/%
&K INF Winter wheat 5084 176.8 92.3

B K Summer corn 5789 176.8 92.3
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Fig.4 Economic loss for winter wheat and summer corm
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Fig.3 Agricultural loss for winter wheat and summer corn
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Fig.6 Agricultural water shortage for maintaining environmental flows in different year
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Table 3 Comparative analysis for typical watershed ecological compensation standard
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