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Estimation on the environmental costs of rice production in China.

Hubei and Hu'nan case study
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Abstract:Rice is the most important crop in China’s agricultural economy and will remain so for the fore-
seeable future. Its direct contribution to China’s GDP is about 200 billion yuan and provides some 10 % of
national gross agricultural product. However. rice production, like many other agricultural activities,
brings a number of serious environmental problems with economic costs that have not been fully assessed
and are not adequately considered in policy making.

Two major rice producing provinces, Hu'nan and Hubei, were selected to estimate the environmental
cost in the present study. For these two provinces it was estimated that the costs reached to 2.5 to 11 bil-
lion RMB in 1995, equal to 1. 0% to 4.5 % of agricultural GDP, though with some uncertainly about the
cost of upstream and downstream damage. Given current rice production trends and environmental policies
these costs could triple even more by 2020.
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Table 1 Estimate of MPC in Hunan Table 2 Estimate of MPC in Hubei
Inbut i Mzrglial Inbut i Marginal
Item npu pefr um Sallow production Item npu p?r i Sallow production
of rice cost of rice . ost (v /ke)
production price (y/kg) production brice costly/e
Labor 0.29 hs/kg 0.96 y/h 0.28 Labor 0.167 hs/kg 0.96 y/h 0.16
Trrigation ) 7 5 /kg 0.39 y/m®  0.66 Irrigation ) o) 5 /kg 0.39 y/m®  0.52
water water
Chemical 0.33 kg/kg 3.9 y/k 1.29 Chemical 0.20 kg/kg 2.8 y/k 0. 56
fertilizer ’ g/5g o M ’ fertilizer : g/kg 2 y/Kg .
Chemical 0.001 kg/kg 23.69 y/kg  0.024 Chemical 0.001 kg/kg 8.13 y/kg  0.011
pesticides : B/ g o Y/RE : pesticides ’ g/%g o M ’
Seeds 0.011 kg/kg 8.0 y/kg 0.09 Seeds 0.008 kg/kg 10  y/kg 0.008
Mechanics 0.0045 hs/kg 9.72 y/h 0. 044 Mechanics 0.004 hs/kg 9.72 y/h 0.039
Total 2.39 Total 1. 30
* Derived from * See table 1
the current price of different input element in farm survey
3
o .
s C 3.
3 ,
s N.P
3.1
3.1.1 20 50 1950~1965
1978~1994 172 000 hm?* 362 000 hm?, 1 1998 B
s , 1949
1977 530 000 hm?* s °
30a 1/3 , 30 m’,
0. 984 m’, 30a 29 m’; , 1949
43.5  hm? 1985 26.9  hm?, 70 m’ ey ,
100 m?, 1949 293 m’ 1978 174 m®
[14~16]
50a 1/3 ,20 50 1066 .
300 . 50 1.6 km?®, 6000 km?M718
67% o
s 50% ., 200 m’,
s 300 m®, 500 m?® s
325 ms[m,ls]
3.1.2 MEC : (a) 1949~
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Table 3 Main external cost of rice production
Type Process Environmental impact Impact region

1.
Arise from the production of
agro-chemicals

Acid rain and air pollution from coal burn-
ing in chemical fertilizer production

Water and air pollution from pesticide pro-

N

Yield loss of crop and forestry Off farm

Human health loss

duction
2.
Arise from chemical fertiliz- Nitrate pollution in underground water by Human health loss
er use N leaching
Increase of water treatment
cost
Eutrophication of surface water by N and
P fertilizer leaching Loss of downstream fishery
s
N,O
N,O emission in the microbiological trans- Greenhouse effect and possible
formation of N fertilizer in soil global climate change
3.
Arise from pesticide use Pesticide poisoning in the spraying process Human health loss On farm
R (G Loss of biodi-
Residue of pesticide in soil and grain rice  versity
s
Natural enemies killed by pesticide and the Loss of downstream fishery
loss of biodiversity
Pesticide leaching to surface water
4.
Soil erosion Reduce of soil fertility Yield loss of future crop
NN @=)
Sedimentation of irrigation channels, Increased cost of removing
rivers, dykes, reservoirs and lakes sedimentation
)
Reduced transport capability
Reduced effec-
tive storage capacity
Loss of downstream fishery
5. ( )
Greenhouse gases emission CH, emission from waterlogged paddy rice Global climate change
from paddy field field
6. N ,
Wetland reclamation as rice s Crop loss
field Reclamation of wetland as rice field and
reduce the flood storage volume of lakes Human life and properties loss
and increase the flood risks
(b) 1950~1965 1978~1996 s
(C) ’ ’
. 9 000~12 450 / hm?™"1, .

1 100a 1

2a



9 — \ 1479
10%, 4~7 . 6500 /hm?, 66%
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0.02~0.20 /kg . . . MEC 3 /kg
3.1. 4 s N 25a

3, 23~165 . 0.09~0.62 /kg.
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.2 . .
3.2.2 f28:51,
5% .1995 129 (1 060
), 2020 197 (1615 ).
. b, 1/3 ,
5%, 1995 16/ 21995
2 800 R 4.48 ,MEC 0.015 /kg (0. 01~
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1995 MEC 30%C 2000 ) 60mg/L,
10mg/L, 0.25~1.0 /m*® [, 74m?H,
25% , 0.9~4 ) MEC  0.004~0.017 /kg .
2020  MEC 2020 7000 . 100mg/L, 50mg/L,
, 0.1~0.5 /(m®+ 10mg), o
105m?, 40% ., 3.5~15 .MEC  0.04~

0.175  /kg .

3.5
o s o
s o
(IPM) s 8% ~11%, s
; bl 10%
, 5 , 0.02 /kg . IPM
s o
3.6
s N s
o s s s o
o 1949 4 350km?, 2 500 km?,
[25] B 3
N s 90
25~110 s 2020 100~310 C D, 1995 1%~4.5%,
s o
4 N ( )
Table 4 Total environmental cost of rice production in Hubei and Hu' nan (million yuan)
/ Year
Sources/effects 1995 2020
Crop loss 533~4000 2000~8000448
Production of agrochemicals Human health 448 2160
Floods loss 788~5500 2300~16500
Eutrophication, fishery loss 106 3200
Nitrate pollution in drinking water 90~400 350~1500
*Farmers’ health loss 75 175
Biodiversity loss by using of pesticide 500 500
Total 6784(2540~11029) 19520(10685~30195)
* 0.1 /kg Farmer’s health loss from pesticide use was estimated as 0. 1 yuan/
kg rice
s s
a1 /kg) 12%~40%., C 5.
4
s
N s
Warford™ 1998 12% ( 30a) ,MUC

o ’ ’
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Table 5 Total environmental cost of rice production in Hubei and Hunan (yuan/kg rice)

/ Year
Sources /effects 1995 2020
Crop loss 0.05~0.08 011~0.18
Production of Agrochemicals Human health 0.01 0. 07
Floods loss 0.02~0. 2 0.09~0. 62
Eutrophication, fishery loss 0. 02~0.08 0. 058
Nitrate pollution in drinking water 0.004~0.017 0.04~0.175
*Farmers’ health loss 0. 002~0. 006 0. 004
Biodiversity loss by using of pesticide 0. 02 0.02
Total 0.126~0.413 0.39~1.127
5 (MOC)
(MPC) 1.8 /kg( 2.39, 1.30),

0.94  /kg) (1.30  /kg), 3.2 /kg),
(MUC) N (MEC) 0.2 /kg( 0.12~0.4), s
MOC) 2 /kg, 5 /kg,

2020 ,MPC 1.5~2.5 /kg, . MEC
0.7 /kg. MOC 2.0~3.0 /kg, o

QD) , ,

(2) [1.47] s

CON . B

(4) Y 9 .’

(5) , o

(6) s s s

7 s

[1] CCICED. WG 3 report “The Role of Sustainable Agriculture in China’s Environmentally Sound Development”,

1996



- N 1483

[2]

[3]

[8]

(9]

[10]

[11]
[12]

[13]
[14]
[15]
[16]
[17]

(18]
[19]
[20]
[21]
[22]
[23]
[24]
[25]

[26]
[27]
[28]
[29]

[30]

Minami,et al, ed. Methane and nitrous oxide global emissions and controls from rice fields and other agricultural
and industrial sources. Yokendo Publishers, Tokyo, 1994.
Cai Z. Preliminary Estimates of CH,; Emissions from Chinese Rice Paddy Fields. In Oshima. Y., Spratt, E. and
Stewart, J. W. B. edt. Asian Paddy Fields: their environmental, historical . cultural and economic aspects under
various physical conditions. Proceedings of the International Scientific Symposium Tokyo, University of
Saskatchewan, Saskatoon, May 1995.
World Bank. Clear Water, Blue Skies: China’s Environment in the New Century. World Bank, Washington D. C.
1997.
Smil V. China Shoulders the Cost of Environmental Change. Environment. 1997,39(6):1~10.
Zhang W L, Tian Z X, Zhang N,et al. Nitrate pollution of groundwater in northern China. Agriculture, Ecosys-
tems and Environment. 1996, 59, 223~231.
Cassman K G, De Datta S K, Oik D C. Yield decline and nitrogen balance in long-term experiments on continu-
ous, irrigated rice systems in the Tropics. Advances in Soil Science(special issue),1994.
Pingali P L. and Rosegrant M W. Confronting the environmental consequences of the green revolution. In:Pro-
ceedings of the 18th Session of the International Rice Commission, Rome, 5-9th September 1994. FAO, Rome.
1996.
Pingali P and Rola A. Public Regulatory Roles in Developing Markets: The Case of Pesticides. Paper presented
at the 14™ World Bank Agricultural Symposium, Washington D. C. 1994.
Li Yining and Warford J J ed. Natural Resource Pricing in China: Water Supply, Coal and Timber. MRM Inter-
national Press, Silver Springs. 1998.

.21 s 65 s ,1997-05-19~22.
Huang J, Rozelle S and Rosegrant M E. China’s Food Economy to the Twenty-First Century: Supply., Demand
and Trade. Food, Agriculture and the Environment Discussion Paper 19. International Food Policy Research In-
stitute; Washington D. C. 1997.

N . . ,1992, 1:48~52.

21992, (6):18~21.
,1999,14(1):1~8.

N . . 21996, (2):25~28.
Cai S, Zhao Y and Du Y. The Evolution of the Jianghan Lakes and Regional Sustainable Development. Journal of
Environmental Sciences. 1998.

s . s ,1998,14(2):16~19.

s 1998a. 1998-09-11.
Gunaratnam D, World Bank, Washington D C. Personal communication. 1998.
, 1998b. 1998-09-07.
s . . ,1997,3. 34~37.
,1992,12(2): 36~42.

, s . : s 1994.
World Bank. China: Yangtze Basin Water Resources Project. Staff Appraisal Report No. 13674-CHA. World
Bank, Washington D. C. 1995.

1993/1994, , 1995.
(1992). : 51996.

Anid P. State of the agro-ecosystems in the Province of Hubei. Unpublished report for FAO, Rome,1998.
Wahid A, Maggs R, Shamsi S R A, et al. Air pollution and crop yield in Pakistan Punjab. II. Effects on rice.
Environmental Pollution. 1995, 90, 323~ 329.
Ashmore M R and Marshall F. The Impacts of Air Pollution on Agriculture in Developing Countries. Report on

Project no. ERP: 6289 to Department for International Development, London,1997.



1484 21

[31]

[32]
[33]
[34]
[35]
[36]
[37]
[38]
[39]
[40]
[41]
[42]
[43]
[44]

[45]

[46]

[47]

ITASA. Modelling Air Pollution in Southeast Asia. Options No 3. International Institute for Applied Systems
Analysis, Laxenburg. 1998.

s . . »1997,13(1):1~4,8.
s . . +1998,6(5):1~8.
s NN NN . ,1998,18(1):12~15.

Halwart M. Trends in Rice-Fish Farming. The FAO Aquaculture Newsletter. No.18. FAO, Rome. 1998.

IRRI, Programme Report for 1993. International Rice Research Institute, Manilla. 1994.
y . . 51990,1:51~59.
51991,1:46~48
,1992,(2):68~72.
,1993.
. 1996.
. . ,1996,15(5) :246~250.
,1992.

liggins, Drinking Water Inspectorate. Department of Environment, Transport and the Regions, London, person-
al communication, 1998.

United Nations Economic and Social Commission for Asia and the Pacific. China: Water Resources and Their
Use. Case study for the Study on Assessment of Water Resources of Member Countries and Demand by User Sec-
tor,1997.

William V. And Dennis Keeney. Bugs in the system: redesigning the pesticides industry for sustainable agricul-
ture. Earthscan Publications Ltd. London., 1998, 39.

CCICED. WG 3 report “Cleaner production and use of chemical fertilisers and pesticides”, 1995.



