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Applicability of the DNDC Model for Estimating Greenhouse
Gas Emissions From a Japanese Rice Paddy Field

Ieyasu Tokumoto*, Tomotsugu Yazaki**, Takashi Kato**,
Yuki Shoji** and Kosuke Noborio**

ABSTRACT

The DeNitrification-DeComposition (DNDC) model developed by Li and colleagues is a process-oriented
simulation model for soil carbon and nitrogen biogeochemistry in agro-ecosystems to estimate greenhouse gas
(nitrous oxide, methane, and carbon dioxide) emissions. This study used the DNDC model to assess the amount
of nitrous oxide (N,0) and methane (CH,) gases emitted from a rice paddy field in Japan during a flooding and
draining period. The model-simulated results indicated that N,O and CH, gas emissions were affected strongly
by soil water content, and that the observed N,O gas flux agreed well with the modeled flux during the flooding
period. Accordingly, this indicated that the model was valid for Japanese rice paddy fields, and will be helpful in
developing water management strategies for reducing greenhouse gas emissions from the rice paddy fields.
However, the model needs to be modified to more accurately predict water flow in soil because despite flooding
conditions it did not predict that the soil would become saturated.
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HEMaBREATPA TS (Lib 1992b; Li &
2000; Cai & 2003), —77C, FITHIHIZ B 5+
BREY OS5 REOREEITT L Thv < D ORKEE
BlA% %5 (Smith & 1997; Li & 2003), L»L, H
ATCOBEGHETHERL AT TR (B
2005), & Db, HEEELTVTICBWTEET
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DNDC EFIVOBIEEIT D, E/BEEETNTHS
DNDC & 5 )V & + R OKGBE O EHERICE TV
TEETHIET, BRAOLEBIIEETH LDk
DNDC E£FIVDEIELRET 5,
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2.1 DNDC EFLOHFYE

DNDC £5)Vit, B HRAET 5 3 DDRED
BH A (N0, CHy, COp) OBEHZFRHCTFHITE 5
H—D 7/ o¥ RETFIVCH S, Fig. 113, DNDCE
FIOBERTH 5, DNDCEF VO EREL6
DOFHEEE (HEKE, 4TS, 5% HE, WM
b, B »OEVL, FEHEEE TSI HICWS
OHhORIKNZEFTHER IS bENn b, ETVOA
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U EEHAE (BER, ER, #zT-o7/cAk
CHES, BEARUCERY) Thh, DNDCET IV
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5HEREAH (HHEEE, Ko&, pH Eh, 7V
LU LAAVIRE, WA VERE, BEERKE
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Tihbb, DNDCEFIVE, BaFREEY 2 3
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TP EREERE L 20, BREEOTHEITL
AR TR TWA (BA 2005), HHLHEES
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Fig. 1 Structural diagram of the DNDC model (Li, 2000).
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TF—XEBEILTHI LT, DNDCEFTNVDOATN
FGA—RHRE LI, £/-DNDCETINVIIE,
TRERRTHILT, KOBEBYVIab—Ya VITKHE
NS A—x (13, EhA, BSAKE, T+
BAKGES LUHE) PEBMICRESINST 7 1)V
MEBFEET S, FD%, KPFFE Tl silty clay 7
KBRKHETROLHICHEUL Th5 EFEEL T, V3
2=y s vicidsilty clay It 5557 2 )V MME®
AL, &k, KFETEIAVZ—F v+ (ttp://
www.dndc.sr.unh.edu/Models.html) 7> & &{E THX ™
v —F L7 DNDCEF IR FHE L7,

Table 1 Input parameters for the DNDC model to simulate
emitting greenhouse gases from a rice paddy field
in Hiratsuka, Japan.

Experimental site ‘? npl?lii}tfsﬁigi

Latitude (N) 36°21°46
Soil type Silty Clay
Landuse Paddy field
Simulated period 2007/1/1-2007/7/30
Clay fraction 0.2

Soil data Bulk density (Mg m~3) 1
tSiigg;a(t;d}?_ygrauhc conduc 0.0057
Soil pH 5.8
Initial soil organic matter 24
content (g kg~1)
Crop type Rice
Tilling depth 5cm
Tillage date 5/20/2007
Planting date 5/20/2007
Weeding date 2007/6/2, 6/16

Farming Applied amount of fe.rtilizer 40

management every time (N kg ha~1)

data 2007/5/20, 6/2

Date for applied N fertilizer

Beginning day for flooding 5/20/2007
Ending day for flooding 7/20/2007
Leaking rate (cm d-1) 0.1
Manure amendment no
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Fig. 2 Schematic diagram of the relaxed eddy accumulation method to continuously measure N,O gas flux.
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Fig. 3 Seasonal changes in air temperature, precipitation used for the DNDC model, and simulated water content.
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Fig. 4 Temporal changes in N,O and CH, gas fluxes from a rice paddy field calculated with the DNDC model.
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Fig. 5 Comparison between observed and estimated NyO gas fluxes under a flooding condition.
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