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Modeling methane emission from rice paddies: model and modification
ZHANG Wen'?*, HUANG Yao' **, ZHENG Xun-Hua?, LI Jing”, YU Yong-Qiang® (1. College of Resources and

Environmental Sciences, Nanjing Agricultural University, Nanjing 210095, China; 2. Institute of Atmospheric Physics. Chinese Academy of
Sciences, Beijing 100029, China). Acta Ecologica Sinica,2004,24(11) :2347~2352.

Abstract : Precise estimates of CH,emissions from rice fields have been difficult to determine due to regional differences in spatial
and temporal variability in climate, soils and agricultural practices. To obtain estimates of methane emissions from regional or
global rice paddies, attention must be focused on an examination of methodologies by which the current high uncertainties in
the estimates might be reduced. One possible way to do this is the development of predictive models. With an understanding of
the processes of methane production, oxidation and emission, Huang et al. developed a model to predict methane emission from
rice paddy soils. Validated against independent field measurements of methane emission from rice paddies in USA, China and
Italy, Huang’s model provides a realistic estimate of the observed results. However, Huang’s model was primarily developed
for continuous flooding and not for intermittent irrigation rice paddies. Moreover, the methane emission via ebullition was not
taken into account in their model. The objective of this paper is to modify Huang’s model so as to make it capable of simulating
methane emissions from irrigated rice fields under various agricultural practices.

We accept the hypothesis from the original model that methanogenic substrates are primarily derived from rice plants and
added organic matter. Rates of methane production in flooded rice soils are determined by the availability of methanogenic
substrates and the influence of environmental factors. The fraction of methane emitted through plants is controlled by rice
growth and development. Rates of methane transported from soil to the atmosphere via plants are determined by the rates of
production and the emitted fraction. Modification to the original model focuses on the effect of water regime on methane

production /emission and the methane transport via bubbles. The effect of water regime was quantified by soil Eh. Changes of
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the soil Eh during drainage course and re-flooding course were simulated by two differential equations, respectively. Simulation

of the soil Eh during the re-flooding course associated the decomposition of added organic carbon. Methane emission via

bubbles was modeled by soil temperature, rice root growth and the difference between methane production rate and a critical

rate when the bubbles occur.

New features of the present model, named as CH,MOD, are the incorporation of bubble flux process and the drainage

events into the original model. Overall, the advantages of this model make it particularly applicable to the simulation of

methane emissions from irrigated rice fields with few input parameters of irrigation patterns, type and amount of organic matter

amendment ., rice grain yield, air temperature, and soil sand percentage.
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Table 1 Description of model input parameters, variables and empirical constants
Item Definition and description Value
Rice growth
w Above ground mass Variable (g/m?)
W Above ground mass at transplanting date 15(g/m?)
Wimax Above ground mass at harvest Variable (g/m?)
Wioot Rice root mass Variable (g/m?)
GY Rice grain yield Input parameter (g/m?)
Single rice 0.08(d~ 1),
r Rice intrinsic growth rate meie 1,1“ ¢ X
Early rice, Later rice 0. 1(d—1)
Methanogenic substrates
Cr Carbohydrates derived from rice root exudation Variable (g/(m? » d))
Com Carbohydrates derived from OM decomposition Variable (g/(m? « d))
OM Organic matter amendment Input parameter(g/m?)
OMy Non-structural component of OM Variable (g/m?)
OM;s structural component of OM Variable (g/m?)
by First order decay rate of OMy 2.7X1072(d™ Y
ks First order decay rate of OMg 3.0X10 31
VI Rice variety index Input parameter
Methane production and emission
r CH, production Variable (g/(m? » d))
Py Criterion of CH, production when CH, bubbles occur 0. 002(g/(m? « d))
F, CH, emitted fraction via rice plant Variable
E, CH, emitted via rice plant variable, (g/(m?+d))
Eu CH, emitted via bubbles Variable (g/(m? « d))
E total CH, emission Variable (g/(m? « d))
Environmental factors and derivatives
SAND Soil sand percentage Input parameter, (%)
T soil Soil temperature Input parameter ( C)
Eh Soil Eh Variable (mv)
Q1o Temperature coefficient 3.0
SI Soil texture index Variable
TI Soil temperature index Variable
Fen Eh Soil Eh index Variable
Agn Eh Deferential coefficient of soil Eh 0. 23(mv)
Dy Eh Deferential coefficient of soil Eh 0.16
U limit 300( )
By Eh . Low and up limit for soil Eh pper it my

Low limit —250(mv)
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