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Estimates of methane emission from Chinese rice paddies by linking a model to GIS

database
HUANG Yao, ZHANG Wen, ZHENG Xun-Hua, HAN Sheng-Hui, YU Yong-Qiang (Institute of Atmospheric Physics, Chinese
Academy of Sciences , Beijing 100029, China) . Acta Ecologica Sinica ,2006,26(4) ;980 ~ 988.
Abstract; Methane is one of the principal greenhouse gases. Irrigated rice paddies are recognized to contribute to the atmospheric
methane concentration. Methane emission from rice paddies is among the most uncertain estimates of the agricultural sector in rice-
growing countries. Efforts have been made over the last decade to estimate CH, emission from Chinese rice paddies via model
method. However, these estimates showed great uncertainties due to different models and up scaling methods. Reduction in the
uncertainties might be achieved by coupling field-scale model to regional databases. The objective of this paper is to develop a
methodology of coupling a CH, emission model to regional databases by which the Cll, emission from Chinese rice paddies is then
estimated .

CH4MOD, a model for simulating CH,; emission from rice paddies with a minimal number of inputs and parameters that are
commonly available, is of great potential for up scaling as it has provided a realistic estimate of the observed results from various

soils, climates and agricultural practices. By linking spatial databases to CH4MOD, CH, emission from Chinese paddies in 2000

rice-growing season was simulated with a daily step. The spatial databases were created by GIS with a spatial resolution of 10km x

10km, which include soil sand percentage, amounts of crop straw and roots from previous season as well as farm manure, water
management pattern, dates of rice transplanting and harvesting, acreage of rice planted, rice grain yield and daily air temperature . i
The software of ArcGIS was used for all of the GIS needs, including the data access, the projection definition, the overlaying of
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different vector layers, the creation of grids (an raster format of ArcGls software) by converting vector data, and the conversion of
data between grid and ASCII formats.

Methane emission from rice paddies of mainland China in 2000 rice-growing season was estimated to be 6.02 Tg (1 Tg =
10° kg) . (1.46Tg) are from the early-rice and the late-rice growing seasons, respectively.

It was concluded that regional CH, emission from rice paddies could be estimated by coupling CH4MQD to regional databases
with a high spatial resolution. A further effort should be focused on improving the quality of the spatial databases, especially in the
amount of added organic matter and water regime. It is also necessary to evaluate the uncertainties of the present estimates by
which the way to improving accuracy could be approached.

Key words: CH4MOD; GIS; model; rice paddy; methane

HASTFRESEREENSFENERTERERYSEFRHSETRXTENEETNE, PTR(CL)EZEE
RBRESEZ— 7 100 FEBIRE L, SR E CH, K 23R IR EH (GWP, Global Warming Potential ) & CO,
B 2345, EBBEHEKRS CH WEEREFEY , U Bl R & AR L% {1 % R 2 (Intergovernmental Panel on Climate
Change ) 5L & E % 85 H CH, HEBE 22 F B H B E R (IPCC, Good Practice Guidance and Uncertainty Management
in National Greenhouse Gas Inventories, http://www . ipcc-nggip . iges. or. jp/public/gp/english/) . & E 2 /K R B AL K
H,KBEESMEmAS 5 S 25 349% M 229% (FAO, htip: //apps . fao. org/ ) , F WAL T R EREHE CH, i &
Xt FIF 4 RT3 ELBRAGHE W KA CH, IEMNFEREEFERE X,

B P EREE CH, H MRl K M SRS R 2 ERED , E AN CH, HEM AL &
—H R, BRI EBESRAEHTRENELRRE CH, i EETAY b TS E R REHME |
AR BT RAR, RR¥ES & EREE CH, KW ITHRAME S . Bachelert £ W G HEH 5
FERRARN T WEMES T ERE CH, HE &N 9.33 ~ 21.33Tg/a; Matthews 1 Knox % F| F i1 F
R MERES #E , RFEFE 10 MERIGHE B IRITBF LG (71, BIRK) R FA 47 BUS T 1 L35 R
KFERE RS 4118 CH, HEE X 3.35 ~ 8.64Tg/a'® ; Li % #| F DNDC R EY, L5 4 47 B3R 0T, 4
BUERFSEHEBRAGTHFEMBD CH, #:i0E % 8.53 ~ 16.00Tg/a, ¥ M &4 T W& K 2.27 ~ 10.53Tg/a,

FARBEMGTERRERB CH, MW EEESRET 2 AT E AR A BHE R R A S 8= R L8
AR, REARENIENETRZRERGERFNSE LEAMA DR m(MRLER) THEBEAS
HERAAESEETSR(MENMEEAR) A SN EEURGRERREARE L BERARKIRE (M
BIMELERRBEEEEN . ETXEE CH, ™4 S4TSR UGR, BT M5EE TRE CH, #
EI(CH4MOD) ™", %f 7 35 4+ [/ F B KRS X 0 94 /1 168 HE A 000 48 451 B9 B84 45 R % 93 , CHAMOD ] LAY %%
WAL RSB EIE R EE TR DA SRR, R RSN MR RBHED" RERAE
WMASELAME THREAMES, TETERETEAMAASERAUHRBRENBHP KK, GIS
(Geographical Information System ) & 5 F8 15 7% 25 8] B0 B B AR R G0, & BT LA X 25 (8] 45090 5 b 248 Al 4 5 23 1) 43
BT EMAAHEMES N, FUBE BESRENE X EREBENE R, AR GIS MiAS AT
FEMLAHE, GRS CHAMOD i A T RERGH H i R s @ am, FEH R X4 E K &E
H CH, HERE 8 L K i 2 i RS i 3R K 4R .

1 BAREHE
1.1 CH4MOD & 5 GIS H& & HH AR KB :

CH4MOD HERI® ' iy 2 AN FHEBR A AR : (1) 9 e 0 FR A3 7 1 B8R - B0 /K RS A MR AR 3R 40 4 40 1) R T R SRR
B (RIERIERZE FPRBAF ANES) WM R, Q)RR SR FER S CH, B4 TR
Rl KRS S H% B HEGE B . CH, M AR B ER FREYAE KRR, FERHE
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FHEWPRTE L BEEEREE R,

3281 CHAMOD Y KL fl 8 B K — WS AT R4 BE TEEAZRETHAE (A
METRAM W), FEEATEFANA A TEEFFENRASENTR, EdE8EFBTE
47 CHAMOD K78 % B 7589 CH, HEfL . CHAMOD MEFMAZHARB T BOPN A0SR AR (HHESE
BAEERARBE® AR RFECHEAARES)EABRMNEFONRERER, BT
BABEEYAK ZBHIEBREMELEFEEM, EPERKM logistic £RKFEEI KGR HITHEA,ZR
+EAFESSETTE, DREAEFEE U RERSHKSEHY R EHTED . KRB R AU R
EBENBEMEHTE, 1% CHIMOD BEE S CIS HEAMEARTRE.

%A ESRI B9 ArcGIS #HTHEIRI SEOBUE A, G iF 8 € L R & E LA & B 305 M4 10 W 48 SO
FOASCHI XHEH HESHENU RS MER SIS  BHAEH A Delphi 454 ODBC HARHE .

1.2 HARR a2 )R 4 HE R

S5HEMEFRAIRAAHMNETAR, ZHRERAEFEMEFRANSAML TR, BEXBATE
Kb, MITEKBEBMHERS T EER, MERLE R Albers FHHEASBRE ARG, FRBEN - HP LA,
Albers %5 [ #[B] 4 £ 8 (Albers Equal Area) ; BE B SO KRR WA R KT B B — WS R 25°N; 55 A5
Bk :47°N; P R 24 105°E B R IR IR S IE 0°N; A Bt m B B2 0 0,

ELRUBIRAR T, HEMBR T RN R AARNEREEN - MER, AT AL (X, Y,) =
( - 2838000,1875000) .45 LA AR (X, , Yy ) = (2472000,6075000) . AT FAFER BTSN ERERE
B, RER TR BRI, ¥ HiRRS#—£ 50 8% T4 K/DE 10km x 10km B4 55 B 85T, B4~ H
B X I8 MR AR 1T S0 B 420 17 x 531 5], 3 223020 N E A S [ BT, KA B TTH R 97182 (F S LIS 1
EHF).

X T LR S EEEEN S L, ROTFAEAMASERBEEN, O FE LW EE, 7R
FYREBEEEAE SRS (BER)TEXRSRBEENRFHESRE, THEISEHEEER -1
A AT B X R4 FR A E AR T B RS A0 B M IR L LI RC 1:100000, 2 E RS RIEHE(FER LG
HEE WAL A S &S] . B b B 2 (DEM) SRR F E R4 /R 1:250000 L IRt B B ERLK, 2
T SRR E T AY 10km x 10km M 48 4L 5 B 3 1 = B R .

1.3 BERSMELEE

1.3.1 ZHSHE 2000 4ZHSBRAERESER 38 MU AWM, E5R 2 SREBSF.
KB REEASEATHZE B SR, R A Thomton %4 H B IR AL, I & 57 I8 BLE 715 N BE B
BEHER LD, HHFTEEITE:

0 r> R,
W(r) = { (1)

exp[- (R_’;,) a]— e r< R,

AP, W N EMMBEESBRGKTER R rof , WIEX B S TENER TR, hEHETH
BEEE: c 2 M"5EXNTREBHXEREREAXNSH. « BBRA, EABEEZN S HERHEX
HHERRRE., O TFKEMNSEEXERE, K o« 0B/ a=3.0), BEIER R, £ Thomton M HE I+
B HEGEFEEEMRELATETAMSE BRENRDEEELS, R, ALK/, SRMY
HEITERFZ BESTWEHER TN BTH.

1.3.2 +tEPNEE ITHONIBEERET2EF __KIHAEAMNER . WEASHELERNAGE
SR EMEATEEAEENRER, RAS5 TEEHBEE AT SRS MLEHE G T EEREE 2 EOBHE
BN &8,

1.3.3 KBBYHE KBE(RER NEERBAGERE) BRABORYRE TKEEFS EH K0P ER LKA
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YV SRS A SELE, EHMELELESREBRBBANSRAE LR DEM WAL, £WHEEHE—
REBAGEE 1 SWERAFRA 1), REEAA GIS BEARENSERBE AN =M M, I b % B H#E
B

1.3.4 KBHEERSERT KREFMEEEMAR G LS G B TE R R 05K 5 308, o E RS E
EHSEAARAPERFELENESEHERARTMPE LA A ko ERES, HEHSLT 10kn x 4
10km M & . KBMHEERMATHEANERATRE B FHARN 1:100000 K2 EHERITHHF :
SABE, BT KBETRESTRARSRAEBEZRN XK, RAEEATEARERHESHPERBHER
AHEHEHTEREM, AAERENERTES —MRENE P BB AEERS R,

1.3.5 SEEHE BEHENWREERETI AR R EPRERE BTECHMREE(SHERKE. A
MAMMERIES), HEEYRBABEEYHRRMB ENEE, SERBREEM N ERE, GENED
BANERRTEN 3% , BELTHRO.1, FUKAEREARAEERBAIRREYN =B . EALMRE
HREB VTR =S xFH BREE-BEL x EYEFE + ™B). AREYNESLSHK
BESVRHRAGHR, BHCARENBTRFERDEHEHRGEE, MEEEARLTH , BTKEER
EMRFTRN 87% ., BHFEABMERKICEAREL R HERS, ARFS 300 X4, % 1 A#FERE
EWICEALER, TUEL BAEAFMERXLEARZAFTRRNERESR,

21 BERFARAERKEEA

Table 1 Amendment of previous crop straw and animal manure

AR FEFFIE H 3 ﬁ%ﬂl‘iﬁﬁﬁﬁ% FE K, ik i S ﬁ?ﬂﬂﬁﬁfﬁi
Administrative region Rate of straw Animal manure Administeative region Rate of straw Animal manure
amended{ % ) (kg C/hm?) amended( % ) (kg C/hm?)

b3 Beijing 14 60 #14t Hubei 15 700
K Tianjin 14 60 # % Hunan | 27 470
At Hebei 14 340 I %R Guangdong 25 310

P8 Shanxi 14 340 S~ 78 Guangxi 30 590

P # Inner Mongolia 4 260 ¥ 7 Hainan 33 220
il Liaonin 4 260 E /K Chongging 17 500
FH K Jiling 3 120 P4 Jij Sichuan 8 480
B} IT Heilongjiang 33 300 # A Guizhou 24 780
i Shanghai 15 1000 % Yunnan 9 610
L% Jiangsu 15 1000 TS Tibet 9 610
#iIL Zhejiang 25 450 PP Shan’ xi 10 890
Z R Anhui 14 330 HH Gansu 10 890
W E Fujian 15 130 H® " Qinghai — —
TL7G Jiangxi 27 460 T B Ninxia 10 890 5
W% Shandong 14 340 Hi# Xinjiang 10 890
¥ ® He'nan 14 340 E

* FL7K B HH No rice planted in Qinghai Province

BRIWBEFEOREEPNEERITHR YT REE, A ERHEEHNELKSRB LN TEH
BOAMEIHFURERBEMENOR/ALOE, SWEHAXLEABLEIHEEBRE RS, &
AR BT A AR FERR BB s B B R R (1.3.4 )R8
2 REWNWASIET

BEREEAEASE ZHSE3.1 ) LRSS 8 (1.3.23) KBRAH SRR (1.3.3
) KABHEERSE(134 W) SNEANRA35T), HERASKOHKBHERN® FEWE K
BAKKANRE KRB EEEK, KBHRPBEEWRBBER 15ym’ ", B EREMUER M N

B KEGHIE0.08 F10.1d7'", BRARZMEMAR QB FTLE R, 3 5K RS R f B R A R ik 4
EERAETEBEURBEE TR AR F A, BRI 8 k08 B4 B M- - K
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8- ) B VBE B RE TOR- 4 B -] BRE R P RS (R RS ) K A B A S . A -5 K O -] B (L 5 AR
DX ) P Bk - EH - 1) B K (P R IXC) 5 4 P R P 15 OB 40 & /K B Sl R S s K A PR A

FIH] CHAMOD 2t 4% 4 SIRLI R B AE W E RREABAE K FH PR, £5 s - BRI Mk
MEHRZ AR, ZHETERAREHK. $RER NEEBIRENZHHEER S B MBS 5 BimE
BURY 95 HER &, F O L0 i 48 R T AR AR B8 A O HERCR B B B HERL A B B 158 B % A% 1 B o 4k
o, BmEsMEm R RN ERBELR,
32000 £ op = F5 H B HES

2000 R E KK RGN 30,1 x 10°hm’, BB FG X2 5L RS B0 AT 10 AP 4 T8 AL 4 B 15.71 x
10°hm’ \6.82 x 10°hm’ F1 7.57 x 10°hm’ , WER M X LB AR HILFG, & 4 FH SR &R
70% LA L o

B2 A E KRR REACER UEGERSHMEFREREIT) MESBR S E0H, WERFHE
TE B X M R AR P AR AR T AR P R B () 2a) s AU BR RS AE PG A AR AR TR AR (I
2b) s BB FHE PR (B 2¢) . 2000 FFHE KM KBAEKSRH/ER RN ESE N 6.02Tg(H 2d), K W E
RREHA 1.63Tg I BHRAG 1. 46Ty ARG 2.93Tg. WEMHMERMNBEREMNE LA X ;85
REAEVLTS L8 P ORI O 1 R 38, HERCBAE R & B oy W 8 e TR T AR AL, b4
AR 68% , KIMHEEMA S 2EMN 60% (B 3), W #EMMitE P RSN T ERFNELS KHE
UK, Rk AR B B e AL ™ .

Xt 53311 ANE KRS A A A A B BT 5 R, R E KRS K S B b HEHOE B FE W FLTE 50 ~ 300kg/
ho’ (P& 4), 5 90% 4 | 3% 55 F B 3t 214 AR5 B B 95 HE A 38 B2 00 01 38 40 BT 45 SR 4 — B,
4 i
4.1 ENAME TR RS B SRR T

HENFEEASENTRZHNRRERANERRERE CH, #Hlfh it E1E5 T M7,
Bachelet & FHITHB S B GEMARAAN LK, R\ LEEIBRSENBHFLHEMET TPEBH
CH, HEK' . AT, ARFR R B CH 5 LEANB S ERLER RN L LE Y MK ES
P ERSH CH, AN EERE?, SEACEEABE CH, SN TESRBASHE MITBEERK
Myas ) R R S R EN R B/ CH, T IREN - T HEERR, LET R hEA
T IC  Matthews Fl Knox M LA (h  HIEX) M EATB BT A 10 ML RS T T & H A5 H
CH, 3 . B8, AR SR MM L E S RBEE VB ASEREHERRENRH CH, #ER 7R
KA E

A SCFRT SR B BB (CHAMOD) X 78 25 7P 8 R K RS 72 1X 50 94 /4 B 6 HE R U 00 58 91 3 47 7 B> L i e
REPR LR — 200 KRGO E CH, KR, KW S AAS 678 3 IPcC B KR F IR HEE iéﬁ%ﬂ
FHYRRESEE, SERREFRMEE, A THERAN L ESHEA B KNS E 482 (10kn x 10km)
MR E RS/ A YRS RSO EEN S A XE T PERHE CH, IR A RBMEEE. KA
SAAHRMFE, SE T P E 1994 F£FREE CH, #FEGF 2 FERS(FREARTAESETAVMBERGF
BEMR) T BRABEAR.
4.2 fhIFIRE R E M0 ] RER IR

R AR K GIS £ R A 45 & 19 7 v A6 1 XSRS R ot HE AR e, Al R TRy R 5 5 A A S T B0 P Y
T EHR SR E AT X A 06 M BUE 7E 3R & AR BYE P 0 TR Bt B R T A T Y A s
WH, BETHEMAMCIS BEARMNFEREPEHRMAITHREMATHEETEESRKA 4T

(DBEEDEE B R CHAMOD B A B VI8 546 30 4F B8 S A7 A i, {8 R 0 be 35 2 %o A% W B 5 7= 4
AL RHHGE R MR AR, BT X BWE M, R BRI ST — R L, Z g —st
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B4 808 & CH, emission flux (g CHy/m?)
-5 El 10-20 ] 30-40 W 50~60 [ >70
N 510 EEE 20~30 B 40-50 [ 60~70

FA4&HE B B Total amount (t CH,/grid)
Il 0-50 I 100-200 [ ] 500~1000 [ 2000~5000
Il 50~100 B 200~500 W 1000~2000 W >5000

B2 HEREEFRHERER A RN NS A

Fig. 2 Spatial distribution of CH, emission flux and total amount in Chinese rice paddies ;’1

(a) RAEHHEE CH, flux from early-rice; (b) MR F 5l R CH, flux from late-rice;
(c) R FLER CH, flux from single rice; (d) H & total amount
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1200 . - 4500 _
—~ 8 CH, ¥ CH, emission 1 4000 E
£ 1000 O ##EH Cultivated acreage o g
3 - 3500 Z
g 800 | 3000 &
E 600 2500 g
é H 2000 %
W 400 - 1500 é
i
#* 1000 &
é 200 ’g
s00 &
0 0

EEREEEFR PR rapEoigEgazEaEEy e
B = E:—s . & 0.§ g 85 = a = 8 .E_: ERES
ééé;ﬁéﬁg?5555§§;§§§§5§§@5555555
- FaZ ' ) % = = o
- aﬁﬁkgﬁgﬁmﬁﬁﬁﬁmmgiﬁsgm;gﬁﬂﬁﬁﬁﬁ
& &
X4 X i Region
B3 H#EEREPRENERSKBHEER
Fig.3 CH, emission and cultivated acreage of rice on a province scale
JFREENE LR, XA EFBER MM RE, # o ;‘5’
WL, LB RS RAE L RENE TR, R, ézo
BANEEAEME TRANEEERANE. ~RER g1
TRERESREIT R ASKBE A 5 ) H 1
iﬁﬁﬁﬁj{ﬁg%rﬂmﬁ]mﬁuﬁﬁ%o 0 0-[;|0I l(l)0~15I0 21)0~25]0 3(1)(!:1160—5:)0—'6'00 I
(2)5@[/\%& %uw*ﬁmmﬁﬁigmmm/'\iglﬂ? 50~100 150~200 250~300 400~500 >600
ALK CH R m?
BEAEWMEMEMAKSEE, S EBEEZITH A CH4 emission g}:‘ice—growgll:gy:easgn
SR TR AR R AR A AT IR MK 2 AR M4 hERE TR R

HAEREED,BHXEBENALEURKTLEFEEKRE™  Fg.d4  Frequency distribution of CH, flux occurred at different levels
REER. ETHHA>BTHEER, BELSETRAKESHN—RER,HEERH AR KETEEEK
BEHRY TEAGESE REEANEFREAITHREZ. BERREREEMVESRAFINRE, N TE
S AFE BT BOHE | X P iR 2 R B 5 1 3 B 44 5 i A U S0 X SR T B A 3

(DIFEH@RE N TRATRMYNR PR, 82K H A R R — 8 02 47 R0 H
—EASFATHNAS (AR ETHMUOHE), E—TEFETIFEMNF HEDTENTA
BH BHANATE - MEARTRRBZATHERTELS R, XSHPHBNSEHEAFESE—1TESE
B I MERAES - MEASRETHNSHEY SN, XFEIRK B S 50N E KA R 2 W& E (0
SEENSRSH)  ANENTERBEMARN SRR, HE L, - FEWE B4 HET (NATRA
B 10km x 10km #H#E ) , 8 — N EA % M B ITTHSHOF AR5 4% 8, B ¥ 5 40 IR R &8 P R
BETHBERE,

(4)GIS Wz AR AR R BH ML FIA GIS B AR W R 2 50888 FE 17/ & R LM 8 b B AR B
RBIETRETRENSEORIEE ., B TSRBEHEIEEREE S B AR KRR, IR HEEE M
SRR N SR AT R A S RORERE TS R TSRO REN., XMBEREREES
BHR EMBESHFEEURSAATENARMARKER. IISKERER, KANRRAILERER
ER s AR, SR YN A EEE R USSR IR ERK(5.69%) . FFER
WMEXSFH T EHEHRE, B TLENSAERERSANE AR EHE AT L ERN R (381 F,
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5 &

B8 R B 78 P Ae HER RO A4 11 AT 353 CHAMOD BRI GIS = EI I E A AW AR LH., PE AR
2000 EEAKBARKFHNEHFLHEERE R 6.02Tg, K WEREBHM 1.63Tg LB 1.46Tg L EF 2.93Tg, R
KM EREE MASE ENEEREN CSZRBEREARERSES AT BP-AENREMXIEEMA
B HE B A T R B B HEE TR AT 9L
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