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Modeling methane emission from rice paddies: model sensitivity analysis
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Abstract: Model estimates of methane emission from regional and global rice paddies have been gaining international interesting.
Structurally, methane emission models are characterized in terms of their component processes and their inter-relationships. Once
a model is developed, it is necessary to take into account the many sources of uncertainty in the processes modeled. Uncertainties
of model estimates come primarily from spatial database errors when up scaling is performed, while the magnitude of the
uncertainties induced by the database errors depends straightly on the sensitivity of model output to the input parameters. The
objective of this paper is to develop a methodology of sensitivity analysis applicable to a methane emission model CH4MOD, and to
further link the sensitivity analysis with the spatial database errors for assessing the uncertainties of model estimates of methane
emission from Chinese rice paddies.

Sensitivity of CH4MOD output to the model input is characterized by a sensitivity index defined as a ratio of relative change
of model output (dy/y) to that of model input parameter ( dx/x) . By applying the statistical analysis on a vast amount of model
outputs against the random combinations of the model parameters, the sensitivity index was first calculated for each parameter in
CH4MOD . The uncertainties of CH4MOD output were then assessed by linking the sensitivity index with the spatial database
errors. The parameters in CH4MOD include soil sand percentage ( Sand), rice variety index ( VI) and grain yield ( GY), rice
aboveground biomass at transplanting ( W,) and the intrinsic growth rate of aboveground biomass (r), organic matter amendment
(OM) and irrigation regime (Wen) -

Sensitivity analysis showed that the irrigation regime is the most sensitive factor with a sensitivity index of 0.64. The

sensitivity of remaining parameters is ranked by their sensitivity indices as Sand (0.50) > VI (0.48) > OM (0.43) > r
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(0.42) > GY (0.32) > W,(0.08). By running CH4MOD, methane emission from Chinese rice paddies was estimated to be
6.02 Tg in the year of 2000 . The uncertainties ranged from 3.09 to 10.61 Tg based on the calculations from the sensitivity indices
and the spatial database errors. These values are similar to previous model estimates reported by other scientists.

It was concluded that the sensitivity index proposed in this paper is capable of quantifying the sensitive difference among the
model parameters. Moreover, the uncertainties of model estimates on a regional scale can be evaluated by linking the sensitivity
index with the model input parameters in terms of spatial database errors.

Key words: CH4MOD, model; sensitivity analysis; uncertainty estimation
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EMERAETERNAHEEREEMRANEEAS, M TEIERS CIS HE A HTH XS HP
FHEBMA TS AREEIERBETHASENRED SRRENEMERAHEHENTARSERNR
BEFUMHEX, EHURBEMTNENETRIZERAEENER. BEARELREERBEESHNIRE,
WA B E/MERMG T AR ESTEE. EFNERNRABEELSWBRADHENIHFE Y, X8 —
TMEBRSE ERFHESERZEHREEHT , OWERN BERSHELN WL, X ESEEN
MBS MSLET , HFAREFAREE M ENHRER Y EMoME R AT REERTHAER
HRESLERERN B, E—PARBEREBEER, ZENEAELEERAN RN, BF B3 HESS
FrRMEEREMBAL - MREEARBMEMFR TERANSERAKEER CRERXIRSERESRAEE SH
HERATANE RS RITBEERMGE TSR AREETEE,

EXEESIA—NFRS T, RS P B R CHAaMOD' # TS WA M 0T, 4t — s
ARTAERSPERBTIEHER THRAEEREY AR ERARBMATTERIHEHEESHE A &K
EHEEEEMSPIREZ RAINEEXR.

1 REEFESFNERSHZ
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Repeatedl calculation for each random selection

A1 BRSBAKEINHETE
Fig.1 [Hustration of method for model sensitivity analysis
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MARMTHEHENNBEHPRETHNE. BE
BMASHEEYE SRR EA, KRB KR 5 M XN
BRI X Se il H 45 R R AT AT B BB
1.2 EB#lZ H XEHEF5
ATHASEHEEEHTRENETHERER.FE
SBEEFAZBIRES L. EREE L, R
FESRKSBEERAE LR E RN B ES
FEHERBEMIBEAXFTHIBEFS ¥ TE—
HREYLER MR B HES (R D, FARAT ALK

ERERINZE A RKBFY TS

#1 CHAMOD MNBA$H
Table 1 Input parameters of CH4MOD

E L &0 89 BEIRY

Parameters Value domain Description

Sand 1.0 ~90.0 EMARE B Soil sand (%)
BRNMNBEHY KL LAY R

Wo 5.0~25.0 Above-ground biomass on transplanting
day (g/mz)

GY 3000.0 ~12000.0 54 =& Rice grain yield (kg/hm®)

oM 150.0 ~ 450.0 SEEHIE ?? i B Organic matter
amendment (g/m®)

, 0.06 ~ 0.10 KN EH K & Rice intrinsic growth
rate

vi 0.5~1.5 TKHE db F R 2 Rice cultivar

Vo 1,2,3,4,5 fEH KB KX Water management

pattern

79 = T -1t-S,, Ix Dy + R(-5.0,5.0)
{<Tm 1) (S = St < Suu
T (Tmu - Tmin)/(se - Sm“),t > Sm“

Smax = R(Ss’se)
T.. = R(25.0,35.0)
T R(10.0,20.0)

min

(1)

(2)

(3)
(4)
(5)

AH, BB R(x, ) RARNT 2« 5y ZEK—DHEVEG S, 7S, 2 FRRERBTHRELE S5 R E
(B EMBRSBREMN), X8 RAERBEITHEEZER(S, <:<8.); S, B KBEKETERHF
HREREAR. .0 T 0HRFERFNER BKHR.

1.3 BHERNEH I ESHRRUEERNITE

1.3.1 ELEBSPWRBERLOIE 0 LREB S ASBNIRE BE B § X8R W P 5 HS
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AHEMHNERERE, BFETRSEHRERTI M+, Kb M HSHBABE(ERMATHA M BT

{8 M), e HBWRE . KEALAE RIS BN 8 X E PR FE BN, S AT RIENE . B2
TARMBASHAAARMERBN, HTHEREHABARSZBENRAMEEZR FEEAESHIRE TR

A4, B /Mo AT o/ MAER BN B d(In x)., REUE ST H #0218 4 58 H T S HERL (L1

R, gm’ )ELHERMASE (L +, 23R, Hd j RAFRAMNERSE  FAEEBEHAERXSE) TN EE,
BB
%«ij% K d(ln y) « 4 x d(In x,) (6)

BROFTHERYE A EXHRSH WRBERE. B THTEANSE  FRIMNSHEE, 4, — B AR
0 E B R GE I X KBNS TR 4, MG EHE, AU B RERRRMES N RAMEER,
1.3.2 KEAEAXSHENWRBERECIE FSHABEEXASHERE - TEANRBE, HEEA5RAFE
MENL HEARA FROFESTAREE, AT KEEEXSZENREZETARKEREXIWIEE, B
AR REERBAART)IHE:

Aw=[%le—z—;_—ﬁlj,i,jés (7)
0y + 0]

A, 4, BAERSEORBERE;S=11,2,3,4,5 YRBHKERERLBES; LM/, FHER
XPRLF KRR A BRI HER G T BE V=10 I ARFEDKERW Ztd & =) B8, 2R ERAT&
EX EAR S5 E b B 5E A0 B B 1 50, 52 2 FE VLA S 50E 7 T o) DURIE X — &4 oL o
2 HASHABELSWER
2.1 ZEEBVMBRASEWREES

R ER T, FAGERITTE T 223020 MREVLSEA M P S HER . RIEX 223020 AEEAE, W FHSH
BEATAY4H1d(In y) 1.vs. 1d(In x,) 1G5 0T APAMKRIER In(x)WEEESA, FUAFANGEITEREE
SritERE A ME. R2BTHIEHEREMNM 4, BT OMUMBEEVR) SRERAERNTE
SyIRN OM, (553 MRS ) M OM, ER AN ANSE, I B oM, ML, oM, SHH RS H B 5 7= A /HE i
MM ENIWE BlR 20 H oM, RE oM #HITHBEEVENEE RBE S, S iHERBHERT
FEREBBHREE N KB /NMRIK N : Sand (0.50) > VI(0.48) > OM, (0.43) > r(0.42) > 6Y(0.32) > W,
(0.08) ,3X 46 RBP4 R 578 H P e HEBORR RALE ST 5 R A —F,

2.2 FHKEHEEXSHNRBE ST

RIAFFRKEHEXATRHHPARFRWRBEINER, AP KEFHEEX 1234 M5 HHRR B
K — ¥ B — ¥ K — I8 NN K — 4 —IB T K —IB I K R, MR I ALUE
HoOKEBRERNEEHP RSN AAEENE W, BEWMER P OIELTX—A. SEFHFEEK
(W, =4)BIBEER TR (W, =5) P LHRA 4.70(66.83/14.23 = 4.70)fF . M F 24 FMFEEAF X
ki, KEFMAEEHAEEREESRN(W,, =1,2,3), BAEBHFEK(50.0% ~68.6% ) H H ki, WIEAR(T)
BRFEINERBIAKEAMWREEIER A, 750.64, B CHAMOD BREEBEHNSH.

3 CHAMOD A RYPERBEPEBHPREMMGITHAREY

WERE, SEHBERBREESIERHP RENERGTEAREENEIERR., 288 ERRE
ERAOERGTAREERE - SEEEREZEIEAYH RS S A NS E, XMEBHERET
RAZEHRBUERRE(4)RER, BREER WA SR LEM S, MW ERHSBIER A E N
SHEERTHG)M9)RITE:
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Ve = Vo x [[ (1 -4, x D)) (8)
Vie = Vaw x [[ (1 + 4, x D;) 9)

R, Voo WEE B RS THE, 4, BB 9 RBUEIEH, V.V, 50 BRI R 02 0 F A
ER. D, HEESE X R,

D, = (10)

AR H Er MMP SR NBH j HBERE R HE. X FHEEKEXBHORYE, D, BE KK
BAERORERE, XQ)VEFXLERBOER T AIELHN 4, x D, > 1 HR, ERE 4, x D, =1,

%22 XTERVAUADSBREEITER
Table 2 Results of model sensitivity analysis for real type parameters

In(x) In(y)
¥ iR iR #HIE La 3 ¥ thif B/ME BokE PR A
Item Group No. Group Mean N Mean Median Minimum Maximum Sid. ’
1 -0.64 12177 2.88 2.93 0.00 5.01 0.77
2 -0.53 15543 2.93 2.96 ~-0.03 5.21 0.76 0.40
3 ~-0.42 15600 2.98 3.01 0.21 5.16 0.77 0.46
4 -0.31 17529 3.4 3.06 0.10 5.34 0.77 0.4
5 -0.20 19915 3.09 3.11 0.25 5.43 0.78 0.58
In( VI) 6 -0.09 24828 3.13 3.15 0.03 5.43 0.78 0.34
7 0.03 24550 3.19 3.21 ~0.08 5.52 0.79 0.60
8 0.14 26770 3.4 3.26 0.41 5.67 0.79 0.46
9 0.25 31220 3.30 3.31 0.29 5.77 0.80 0.53
10 0.36 34888 3.36 3.37 0.32 5.88 0.80 0.55
B3t Total 223020 3.16 3.18 -0.08 5.88 0.80 0.48
1 8.08 11526 2.92 2.96 0.00 5.04 0.76
2 8.22 12683 2.97 3.00 0.27 5.23 0.76 0.32
3 8.36 14600 3.00 3.02 -0.03 5.11 0.77 0.23
4 8.50 16778 3.04 3.06 -0.04 5.24 0.77 0.28
5 8.64 19428 3.09 3.12 0.22 5.35 0.77 0.42
In( Yield) 6 8.78 21982 3.13 3.15 ~0.08 5.51 0.78 0.27
7 8.91 25760 3.17 3.19 0.12 5.53 0.78 0.30
8 9.05 29727 3.21 3.23 0.21 5.56 0.79 0.30
9 9.19 34010 3.27 3.29 0.10 5.84 0.80 0.42
10 9.33 36526 3.32 3.32 0.13 5.88 0.81 0.31
£t Total 223020 3.16 3.18 ~-0.08 5.88 0. 80 0.32
1 4.44 11857 2.88 2.88 ~0.08 5.59 0.86
2 4.57 13630 2.92 2.93 -0.04 5.55 0.84 0.38
3 4.69 15391 2.97 2.97 0.13 5.78 0.83 0.36
4 4.82 17108 3.01 3.03 0.21 5.77 0.81 0.36
5 4.94 19695 3.06 3.06 0.39 5.66 0.79 0.37
In(OM,) 6 5.07 22250 3.11 3.12 0.4 5.65 0.79 0.43
7 5.19 25322 3.18 3.19 0.55 5.84 0.77 0.52
8 5.32 28362 3.24 3.25 0.71 5.73 0.76 0.44
9 5.44 32580 3.31 3.33 0.67 5.64 0.75 0.58
10 5.57 36825 3.36 3.39 0.81 5.88 0.74 0.42
571 Total 223020 3.16 3.18 -0.08 5.88 0.80 0.43

A CHIEE FIH CHAMOD BB 5 GIS Hi RG4S, MALTE T £ 2000 £ #S H B 4 HER . 2000 4E
EHRRMKEMHEEAN 30.1x 10°m’ , EEB NEER[ABBOHBAERL 35 6.82 x 10°hm*,7.57 x
10°hm’ F1 15.71 x 10°hm’ . WERHHERX T EAEWBE . A BRIA, 52ENEBEEN 70% U . H
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BeERFH 2000 EREFHPRHR SRR 6.02 Tg, AP RAE 1.63 Tg, B FE 1.46 Tg, BT H5 2.93 Tg'¥,

23 BEANEAANREESFTER
Table 3 Results of model sensitivity analysis for the water management pattern parameter

Y

W::rﬁ::em BEK B FE B/ME BRME R
N Mean Median Minimum Maximum Sed.
1 44783 33.34 30.13 1.32 150.93 18.18
2 44636 21.04 18.66 0.92 94.50 12.54
3 44618 25.51 23.29 1.80 103.44 13.63
4 44455 66.83 57.64 3.43 357.27 40.67
5 44528 14.23 12.10 1.00 73.62 8.74
B3t Total 223020 32.17 23.99 0.92 357.27 28.60

HFSBRENER, ENNETEREAE —ERENRRENE, BT HREBX G it AR SN BE, K
AR B9 FIR, BEMHYARBERIVN CEEENSRERXE FWBERE(EMiEE, RARK 10), #d
SR SEES R AL B A, T B E SN S REX R EWHMIEE(E4),

24 HINREERBESBHEALRE
Table 4 Sensitivity indices and data errors of CH4MOD parameters

L $E 24 REBEEEK R iR % BEBR
Parameter Sensitivity index Data relative error Data sources
SAND 0.50 0.46 o [ #1 4F Be g X £ 3BT 7L BT 1SS, CAS, 2004
oM 0.43 0.35 o B B4 B K S W9 BB BT 5T BT 1AP, CAS, 2004
Vi 0.48 0.29% Huang et al., 199712
GY 0.32 0.0' t E AR # ¥ BE CAAS,2001
r 0.42 0.15? Huang et al., 1998"
W, 0.08 0.39 o [ B} 4 By K U BE R BT 1AP, CAS, 2004

| BEFRBUERBETHRHSETER , HRET RGN 0;2 KB XMBEHIT O RER

FIAR4 PROBIEMARX 8.9 ATLUTHE BB R X TR E 2000 FREH PR B T EAFEEBER:
3.09~10.61Tgo X TREMHPENHRE, ARMHRLENMAHETEEZRBER, BN ITHTFESRS
H RS A FAEAMR BB RMGT &k L ER, A UG TTEEERESY . BEAINTH
HPEHRNBEMREREMESRIMNANE - SRE, MXHEITEUEZHBTENSE, BRiNMHEIT
WHREMNBHRARERRBRES T TEE R TgZA™ 7  5RAXNERBHE 3, b TREKERY
XWEFRARBEERERS AR ERCEKEETNRENEW,

4 Ziewitie :

REERBR - BREHER A TEENF—eWRESETHEI L) ERNBEEEZKER
WA, AXTEHERREE TR, AR TESHBESKT 0, FS BT R A EK
B, ETEH LR, #KH#E CHAMOD AR R A8 H, oI LR 51 B 2R Bk bt 55 H B be HE
HMEAEEENE W, MERSBENE T REERECEE BHY KERRKXERWEB PRV EEE
BE, RRA L EHPDRESE KBRS FETBANRRRMERK, KEERHNBHEADERRER
BRMER., IENSTERERR, SUEREKER T XA IE T A ZOh R R B 8 P 5 aER, Tk kKRS
W E R H PR TR M E S N EREKEE AR L REHUREF KBS EFRE
BMHIEHER

B2 EREXMATTEREAENREERREU—ARAN X 45 CHAMOD EEE S HZ
FHRBEER FAX-FNERNTFRESEERBOEAPRERRE-—TEENSE., W FIAR
HEERBOITUETEEYSHXBARIERESEMATAREHZRNNEAXE AT AR X
& H R SR HEBUS T R AR E T,
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