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Modeling methane emission from rice paddies: Model validation
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(12) :2679~ 2685.

Abstract : Several models have been developed over the past decade to estimate methane emission from rice paddies. However,
few models have been validated against field measurements with various parameters of soil, climate and agricultural practice.
Thus, reliability of the model’s performance remains questionable particularly when extrapolating the model from site micro-
scale to regional scale. The objective of this paper is to validate a model that is dedicated to simulating methane emission from
rice paddies, and hence to evaluate the model performance.

The model, named as CH4MOD, was validated against a total of 94 field observations conducted in China. These
observations covered main rice cultivation regions from northern (Beijing, 40°30'N, 116°25'E) to southern China (Guangzhou,
23°08'N, 113°20'E), and from eastern (Hangzhou, 30°19'N, 120°12'E) to southwestern (Tuzu, 29°40'N, 103°50'E) China.
Both single rice and double rice cultivations are distributed in these regions with different irrigation patterns and various types
of organic matter incorporation. Model inputs include rice grain yield, soil sand percentage, amount of organic amendment,
water management pattern, and daily air temperature. The validation indicated that model simulations generally agreed with

the observations. The observed seasonal amount of methane emission ranged from 3.1 to 761. 7 kg C/hm?® with an average of

199. 4+ 187. 3 kg C/hm?®. In consonance with the observations, model simulations resulted in an average value of 224. 6+ 187. 0

kg C/hm?, ranging from 13. 9 to 824. 3 kg C/hm?. Comparison between the computed and the observed total seasonal methane
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emission yvielded a correlation coefficient 2 of 0. 84 with a slope of 0. 92 and an intercept of 41.1 (n=94, p<<0.001). Compared

with the original model, the CH4MOD can well capture the signals of bubble fluxes and the effect of water regime on methane

emission. Model simulation for 94 cases resulted in the bubble flux contribution of 5% ~45% to the overall emissions, which is

comparable to literature reports.

It was concluded that the CH4MOD can reasonably simulate the effect of water regime on methane production/emission

and the methane transport via bubbles. Model validation against independent observations demonstrated that the CH4MOD is

capable of simulating methane emissions from irrigated rice fields with a minimal amount of inputs and parameters.

Key words :model; CH, emission; rice fields; agricultural practices; validation
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Table 1 Summary of the observations used for model validation
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& A 2 B K S 1 B
M G h 23°08'N, 113°20'E 46. 1994
™M Guangzhou 1 6. 3 D 4 52 B IAP, CAS
| APN ¥ #ERFE
; Ch h °O ,Ny 00 ! .0 i
¥ 7 Changsha 28°09'N, 113°06'E 62 1995~1997 D 20 APN Database
Pk Taoyuan 28°55'N, 110°30’E 21. 2 1992 D 8 Shuangguan (23]
+ % Tuzhu 29°40'N, 103°50'E 78.5 1988~1994 S 7 Khalil 2£L6)
. APN ¥ #5 FE
h o i . 0 o) ! . —~
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2 h 00 ! , o ! . — , .
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. APN ¥4 JE
F °24'N, 114°24’ .0, 20.0, 80.0 ~
#f = Fengqiu 35°2 24'E 2.0, 20.0, 8 1993~1994 S 6 APN Database
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D X &R Double rice; S HEZFH5 Single rice;b. Institute of Atmospheric Physics, Chinese Academy of Sciences
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2 BREBPHNHA | T2 FAEFNWHNBRE S BRMMESRES L H
MM ASHEEBAB T GY). LW e &8  Table2 Initial fractions of OMN and OMS in incorporated organic

(SAND) SMNRE SR R K T HEH LW MM S SR 4y matter
OMs f1 5 /@A 5 OMy WIEL B, WFE DB ME . Ko B H ALY FH % Organic matter

BaRAs  ESBRAS

OMn OMs
BRAEIAMZHER Ta) o  KEGEEFF Rice straw 0. 59° 0. 41
ERHTRIER 94 HiX WM EHE P, FEIERK T X MH) JKFGH Rice root 0. 42° 0. 58
R HAE A RRA R, HTRAMATHIE, Ay NERIT Wheat straw 0. 49 051
. . _ /NE R Wheat root 0. 31® 0. 69
RILMOT RS BFRNE  XTFLUDREROBIE, o o w0
K884 58 W ) 82 A 90 % Elﬂ.’;z':)tlﬁﬂm B2 b n - 2 FZ BB Farm manure 0. 25¢ 0.75
BRI PE T EBEERGEHABE AR AW T BN {fi # Bio-gas residual 0. 10° 0.90
2. ZBBER L HERHR 4 8A CRER>2mm) P (2~ a 2 R 3x@k'2)Reference No. 12;b EIE L E Including wild

0. 2mm) . 48 & (0. 2~0. 02mm) . ¥ ¥ (0. 02~0. 002mm ) FI ks  weeds;c HHHHE. MR FEFRBREOBREE  AARAKNEE
¥ (Rif2<<0.002mm), AXFEMN T ER SBRERNAZNT Statistic average, and greatly depending on fermentation
2mm Fl 0. 02mm 2 [8] &) + ZEHL I H B
BHAMEENRABEALIRMBEHPESEVIEWERE KIE.BE EYRFLUAWEEY RS BHNEYR R (T
HEDHREHESEO M FAE A ED EEFAEYEMN 100, SR IENKKREB, WAV EREER, FHEAH
REMEDERBAIEFAENAFEAERAER (WILBIE R 0~2000 kg/hm?) ., X FNEMHIEH . LH 502 BIHTER F i H 2
EEREEYG,
BHAEE -AEREKEBMEFH—TEENE. ITEFXHTE . AEKEBREXMAENTRS 2, EKBHE
FAKPHTEHD R EMBRNAFRA KRN RERE T ARKIEEIT R . ¥ N E A5 DL S 18] 8§03 B85 3 1 K/
S+ HMEFEURKRSREFEDHX SR ERAER. REABHHESERPERANILABHASFEERLCA TR 3
o —BROR U, b B i T X R Z HERE T Y H SR, ERCR B BB AR UK 4, MRS B AL T2l AKCRE 5 1k 52 5 i U
MTEGBAKNMFELEHT . ZATHHKERRS FEFHRIFWHANXEZRARS PHEA 1B 2.3 FR 3 PERK
A, TLOTE S A REHKN L% Er TMEZ WA FER,

3 BREKBHERHER/LMAKEEHEN 23

Table 3 Irrigation patterns for rice cultivation in China

Eiitﬂ:ﬁ% ﬁi’tﬁﬂﬂi }i A Description
[rrigation Ptn. Composition
1 e £ FELAER M LS. NS P
Applied usually in single and early rice paddies in Northern and Eastern China
9 F-D-M ZWNTFEEMBERAER.NFER Applied usually
in single and double rice paddies in Southern and South-Western China
EUFEK 2, HRAHBAEH
3 F-M : . :
Analog to water pattern 2, but without specific drainage
4 o HE B 2% 1 R AE R B RS B LA K H AT ER RS H
In high land or Sali-alkaline paddies where irrigation facilities are often unavailable.
. M BHEE R EEBE, BT AKAEE RS

Low land paddies with high underground water level, drained frequently.

—

* F  #7K Flooding; D #H Drainage; M (8] 8X# # Intermittent irrigation

BHYE YR W, ERRE AN R KBEKRTERER 15 ¢/m™, KBEEKH logistic FRPHAREEEK
EZ ¥ r Huang S BFITIA R EHEUE D 0. 0840. 02d ™', A XX THERI 0. 08, WEMW BB ML/ O0. 1. HE 5 —
MEHEENSHREABEMAR VL, EERTRMABHHEELCAHHRABE THBE P LHEREZER. Huang Fik
KBGO VIBEI I.OEA . LEHNRMHBRAERE (=1. 8B KN, BRERE KRS VI BUE R A/E T 1340 6 BF
R AXAERBEIERSREEBMENRN 1.0,

3 S¥mEwH

CHA] MR R AR, BIKBERSEIERN BT T. ERENBLSASEURE ISR
BHEANEA T 27 EHBIRKE EAYR . KBREYE. L EEARFEM (Er) . A RA VLT 2% . L35 P 5es
PR HLEHER R GRS R ARSI ADS. A5 TREE P R E A7 TRERIE.
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Fig. 1 Comparison of simulated with observed seasonal patterns of methane emission from single rice paddies
a RIE 1999, KB 4, LANEHPLFE, FSE L E Nanjing1999, irrigation ptn-4, no OM amendment, wheat/rice;b FH 1999, KR
4, NEFEFF 4.5 t/hm?, FFE R Nanjing1999, irrigation ptn-4, wheat straw 4. 5t/hm?, wheat/rice; ¢  H K 1996, KX 3, KK

5.0 t/hm?, & 7K H /7% # Chongqing1996, irrigation ptn-3, farm manure 5.0t/hm?, waterlog/rice;d HE K 1996, K& X 3, RKX
5.0 t/hm?, # 8 ¥E Chongqingl996, irrigation ptn-3, farm manure 5. 0t/hm?, wheat/rice;e JLE 1995, KER 2, %€ 3.6 t/hm?, 1§
# # #F Beijingl995, irrigation ptn-2, pig manure 3. 6t/hm?, wheat/rice; f Jb & 1997, KX 2, KBHF 2.6 t¢/hm?, LR/ KK
Beijing1997, irrigation ptn-2, rice straw 2. 6t/hm?, fallow/rice; g #Hi#H 1996, K#EE X, 3, X/ EF HL K, £ R /K Hangzhoul996,
irrigation ptn-3, no OM amendment, fallow/rice; h  #LM 1995, K&K 1, HAE 1.1 t/hm?, & /K Hangzhoul995, irrigation ptn-1,

green manure 1.1 t/hm?, fallow/rice
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Fig. 2 Comparison of simulated with observed seasonal patterns of methane emission from double rice paddies

a #1992, BR.5 M 3t/hm?, RZFAE 1.9 t/hm?, KBS 3: MR KB 4.5 t/hm?, R Z B 1.9 «/hm?, )KE K 3 Taoyuanl992,
early-rice; green manure 3t/hm?, farm manure 1.9t/hm?, irrigation ptn-3; late-rice: rice straw 4.5t/hm?, farm manure 1.9t/hm?,
irrigation ptn-3; b ¥ 1996, B R/ BFEO0. 46 t/hm?, KB 3; B . LHIMEF YL, K 3 Changshal996, early-rice: wild weeds 0. 46t
/hm?2, irrigation ptn-3; late-rice: no OM amendment, irrigation ptn-3; ¢ J M 1994, B8 . RF L 3 t/hm?, /KK 3; MRS : TIMNRA VLA,
KA, 3 Guangzhoul994, early-rice: farm manure 3t/hm?, irrigation ptn-3; late-rice: no OM amendment, irrigation ptn-3; d  HiH 1997,
BRE . {BiE 0.6 t/hm?, KR 3;MiE . Bk 0.6 t/hm?, KE R 1 Hangzhoul997, early-rice; Bio-gas residual 0. 6t/hm?, irrigation ptn-3;

late-rice; Bio-gas residual 0. 6t/hm?, irrigation ptn-1
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Fig. 3  Comparison of simulated with measured total seasonal

methane emissions
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Fig. 4 Computed seasonal variations of the CH, emission in plant-mediated and bubbles

BLM 1995, %88 1.1 t/hm?, K # & 4 Hangzhoul995, green manure 1.1 t/hm?, irrigation ptn-4, fallow/rice;b L3 1995, ¥4 3§
BEIR 1992, B /g &L 3.0 t/hm?, R KL

1.9 t/hm?, KR, 3, RS FE5FF 4.5 ¢/hm?, R KA 1. 9 t/hm?, KK 3 Taoyuanl992, early-rice: green manure 3. 0t/ hm®; farm manure
K ¥ 1996, B &Y. BF &
0.46 t/hm?, KB 3. BB . LHBRENEMA KR, 3 Changshal 996, early-rice: wild weeds 0. 46t/hm?, irrigation ptn-3; late-rice; no

OM amendment, irrigation ptn-3

1. 9t/hm?, irrigation ptn-3; late-rice, farm manure 1.9t /hm? + rice straw 4.5t/hm?, irrigation ptn-3;c

BoM 1995
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Fig.5 Comparison between CH4MOD and the original model

1995-08-29

1995-10-08

1.1 t/hm?, 7k #£ X, 4 Hangzhoul1995, green manure 1.1 t/hm?, irrigation ptn-4, fallow/rice;b dt 3¢ 1995, 5§ 3%

3.6 t/hm?, /KB, 2 Beijing1995, pig manure 3. 6t/hm?, irrigation ptn-2, wheat/rice
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