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Abstract

Climate change and food security argical issuego the world, and havaroused the
interest of scientists, policymakers, and ordinary people. Rice is the majonfti i
Chinese diet, the Chinese government and scientists had put great efforts on improving
the rice production to guarantee the food security, but rice paddy field alsayesaits
amount of greenhouse gases (GHGSs) to the atmosphere. So it is necessary to study how
to reduce the GHGs emissiaile enhance the food security this resarch, a
processbased model, DenitrificatieDecomposition model (DNDC), is used to

simulate rice growing and GHG emission in rice fields in China. However,OIN[2
site-level agroecosystem model that lacks rice cultivar parameters to represent crop
diversity in Chinaln order toupdate and ugeale the DNDC modéb evaluate the

GHG emission from paddy field in China, Decision Support System for Agro-
technology Transfer (DSSAT) and Agro-Ecological Zones (AEZ) models atktas
provide abundant and dé&al cultivar parameters and a more reliable upscaling

method. By using the Generalized Likelihood Uncertainty Estimation module in
DSSAT and reclassification of cropping zone map, which is based on original cropping
zone map in AEZ, rice cultivar paramet@nd input data of each grid are translated into
DNDC successfullyThen the updated DNDC model is applied at both site and regional
scale.The sitelevel simulation result shows that new cultivar paramdtamoves the
performance of the DNDC model gitéy in each station. Furthermore, the application

of nitrogenous fertilizer is higher than actual crop requirement by 5% to 354é. If
application of nitrogenous fertilizer is reduced to a balanced level,thehission

will decrease significantlythe result shows aawverageeduction of 36% in nine

stations. The regionadvel result shows that the spatial distribution of rice yield loss

and NO emission reduction are consistent with thelsie! result in most regioni

the northeast area of China, |ésgilizer application will reduce PO emission as well

as rice yield. The balanced level of fertilizer application may decreats A1B

scenario in the futurd.he moreadvanced management practices should be considered
and applied to find a santific approach to mitigate GHmission. Furthermore, crop
rotation and different climate scermdatasets should be studied in the future.

Key words:. climate change; GHG emission; riceyield; model coupling;
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1 Introduction

Climate change and global warming impact greatly influenced the ecologgtais

and human activity, it has become a critical research topic for scientists and
policymakers in recent years. Global mean surface temperature has increased ov
0.89C from 1901 to 2012 (IPCC. 2013). The most important driving factor of this
warmer climate is greenhouse gases (GHGs) emission frémopagenic activities,
such asndustrial production, fossil fuel consumption, transportation and agricultural
practice. Agricultural practice is one of the main source of direclO@NGHG
emissions (Smith, Trines. 2007; Smith. 2012). Warmer climate also has greatampac
agricultural practice and crop production, even further influences the agrt@dGs
emission (Verburg, Chen et al. 2000; IPCC. 20Thgreforejt is necessary to identify
the interrelationship between climate change and agricultural GHG emission.

This researctaims to studygricultural GHG emission from paddy fields in China.
Chinaaccounted fofil8.7% and 28.6% of the total rice growing areawwoddwiderice
productionrespectivelyin 2012.Rice productionis the second largeatong all the
cerealdn China(FAO. 2015. Because of rapidly urbanization and accelerating
economiogrowth, ensuring food security in China is becoming more imporRioe is
the major food in China and its production is critical to the food security. But current
paddy rice practicef basin irrigation and excessive fertilizer application bring great
CHs and NO emissionStatistics shows thagricultural practice contribute to 31.5% of
the totalCH4 emissionin 2005, whileCH4 emission from paddy fiel$ the second
majoragricultural GHG emission resource in Chafterlivestockenteric
fermentatiofNDRC. 2013). Therefore, it is important to balance the food security
concern and agricultural GHG emission reduction, and improve the paddy field rice
practice to control th&HG emission in paddy field amdinimizing the rice yield loss

To balance the tradaff relationship, some scientific and robust approaches sheuld
found and employed. Atite and farm leveost studies take observations from
experiments and analyzitigem, but such methodsenot applicable to regional and
national levelsAgricultural system modglshould be employed simulate the crop
growth dynamics antb evaluate agricultural GH@missionand food security trade-
offs at the regional and national level in a systematical ®eguious studies from all
over the world has employed many GHG emission madeh as ROTFC,
CENTURY, DNDC and GAINSto estimate the crop growth and the related GHGs
emissiongjuantitatively In this research, the Denitrificatidbecomposition(DNDC)
model(Li. 2001)is employed to simulatace growthand toevaluate the ne&€O, GHG
emissionin China.The DNDC model is a biogeochemistry procdmsed modehat
simulaescrop growing procesand dynamics of chemical reaction in the based on
biogeochemical mechanismghe models capable of simulatinGHG emission from
crop fields at site and farm levéVith the development in the three decadles,
Geographidnformation System (GIS) technologgyemployed tgrepare spatial
weather and soil input data for the DNDC model regional application (Zhang,ILi et a
2011).

However, forregional and national level research, de¢ault cultivar parameters in
DNDC cannd representichness and regional diversity of cultivar parameters in
different parts othe research areBesides, previousIS-based upscaling method and
the Most Significant Factor method for regional simulatroBNDC(Li, Xiao et d.



2003; Giltrap, Li et al. 2008Iways focus on impact from climate and soil parameters,
but do noffully considemncertaintiesrom crop cultivar inpuparameterandthe

DNDC modelingprocedure@ieuvelink. 1998; Fumoto, Kobayashi et al. 2008). To
improve the regiongderformance of th®NDC and estimate the GHGs emissitre
Decision Support System for Agro-technology Transfer(DSSAT) model(Jones,
Hoogenboom et al. 2003) and the Adtoelogical Zone(AEZ) model(Fischer,
Nachtergaele et al. 200®8jll be employedo provde severatletailed cultivar
parameters and more reliablesapling methodTian et al(2014) employ this cross-
scale coupling method to acoplish the DSSAT and AEZ fusion andhlidatedit. So
similar upscaling strategy will be applied in this study

This report is organized as follows. Section 2 shows all the data. Section 3 plesents t
method of cultivar parameter translation and up-scaling process. Section 4ekdtes
results and evaluate the performance of the proposed coupling model. Section 5
provides conclusions and limitations of this research. Section 6 discusses the possible
future research.

2 Model and dataset

2.1 DNDC model

The Denitrification-Decompositio(DNDC) modelwasoriginally developed by Li et
al.(1992a, 1992hb) and was first usedsimulate the BD emission from agricultural
systenfuUS EPA.1995).DNDC is a proces®ased model that focus on describing
biogeochemical process and simulating reckaction in agracosystem, especialon
the process of carbon and nitrogenth¥he two decadesf development and updating,
severaluseful modifications have been incorporated theDNDC model At present,
the DNDC model has an array of sub-modets. iRstanceplant growthsulbmodel
includes the procedure of dptake, wateuptake and root/stem/leaf/grain daily growth
Aerobic decomposition sub-model shows the prooéssil organic carbon reaction
with oxygen. Ermentatiorsub-modetlescribe CHs generatn, transpodtionand
oxidation in the sofLi. 2000). The model hdseen employed by other researchbet
from all over the world to simulate crop production, gases emission and soikorgan
carbon changinglo assestheimpact ofenvironmental factorsn food security,
climate change and nepoint pollution(Babu, Li et al. 2006; Giltrap, Saggar et al. 2008;
Levy, Mobbs et al. 2007; Li, Zhuang et al. 2001; Pathak, Li et al. 200% input
parametersequired by the DNDC modakedescribe below.
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Figure 1. Schematic diagram of DNDC model structure(Li. 2000)

2.2 DSSAT model

TheDecision Support Sysin for Agretechnology TransféDSSAT) (Jones,
Hoogenboom et al. 2008)as originally developed by the International Benchmark
Sites Network for Ago-technology Transfer projg¢dBSNAT 1993).DSSAT is one of
the most famous crop dynamic models and has been employesdaychers
worldwidg(Thorp, Dejonge et aR008; Seidl, Batchelor et al. 200Ithe core of the
DSSAT system consist$ &7 crop simulation models.his research employs tiirop
Environment Resource Synthesi€§RES model, which simulates cereal ceoguch as
wheat, rice and maiz&dhe CERES model simulatgsowth and development of cereal
crops within a homogeneous plot on a daily time step. Crop yield is computed on
harvest day. Required input information includes crop cultivar, management [gactice
environmental factors and weather conditiortse Generalized Likelihood Uncertainty
EstimatiofGLUE) method in DSSAT(He, Jones et al. 2010) will be employed to
compute rice cultivar parameteasd totranslate the resuliato DNDC input format.
These findings could supplement the parameters from observed record data.
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Figure 2. Flowchart of the GLUE method, whetés the ith parameter setL(6;]Y)) is the
likelihood value of parameter st given observations O and with the predicted value of Y; N is the
total number of parameter sets generated by the progt&¢nis the model output using parameter

setp’; O is the observatiomw; is the jth observation of Qg is the variance of model error; and M is

the number of observationg(s.) is probability or likelihood weight of thetix parameter
setpi(Tian, Zhong et al. 2014)

2.3 AEZ model

The Agro-Ecological ZonAEZ) modelwasjointly developed byhe International
Institute for Applied Systems Analysis(IIASA) atite Food and Agricultural
Organization(FAQO) of the United Nations(Fischer, van Velthuizen et al. 2B&2)is
an up-bottom model that foses on regional and national crop yield and production
simulation undeactual and potential situationhe AEZ model combines
environmental factors and crop systems, and computes crop yield and production with
different levels of input configuration and water supply systems. In this ceseanp
cultivar parameters in Land Utilization Types(LUTs) from AEZ will be employed to
enhance the crop cultivar parameters in DNDC. Meanwthiggropping zones in
China, which have been defined by AEZ, will be emplayeithe upscaling method to
assisthe DNDC modelin accomplishinggricultural GHG emissiofor regional and
national leved.

2.4 Climate data

Observed daily climate data (192D10)are employed to construct historical climate
input files.Data were obtaineflom more than 700 meteoroli@gl stations nationwide
and provided byhe Chinese Meteorological Data Centaput weather parameters



includeminimum and maximum air temperatuselar radiation, precipitation and

relative humidity.The parametersequired in DNDC include dailgrecpitation,

maximum air temperature and minimum t@mperature. Meanwhile, feimulation

under future scenario, the IPCC SRES A1B scenario is employed totghgempact

of climate changePredictions com&om Providing Regional Climates for Impacts
Studies(PRECIS)PRECIS waslesigned by the UK Hadley Centre to run on a desktop
personal computer to generate detailed climate change predictions at a 50x50 km scale.
PRECIS is driven by initial and boundary conditions computed with HadAM3P, which

is the updated version of the atmospheric component of the Hadley Centre coupled
oceanatmosphere GCMHadCM3(Xu et al., 2006). In thiesearchPRECIS was used

for a geographical window covering China to predict changes in precipitatddaily
temperatures. With the PRECs$8nulated daily weather fol981 to 2010 representing

the present (baseline) climafeture daily weather simulatigrare generateftom 2010

to 2040. The generally good agreement between observed and simulated data provided
confidence in the results obtained when PRECIS was used to project climate change

over China into the twentfirst century using described in the IPCC Special Report on
Emission Scenarios (SRES) for future greenhouse gas emissions. Botbdiiatut

future climate data anaterpolated int@a 10km grid format.

2.5 Crop management data

Crop management data are critical¢oop growing simulation and agricultural GHG
emission from soilCrop managemeipractices in paddy fields from ninagro
meteorologial stationdrom 1981 to 199%vereprovided by Chinese Meteorological
Data Cente The datavere employed to enhanceop cultivar parameteibrary in
DNDC and provide management input parameters dsimglation.Managemet
information includes sowingnd harvesting dagefertilizer application and irrigation
method. For regional simulatiooop management practices in observation stations are
generally better than the averagihin neighboring areas of the station (Tao,
Yokozawa et al. 2006Because the research gaafinding aGHG emission mitigation
approach without decreasing yietdpop management practices in the station will
represent crop management practices in the cropping zone.

Table 1rice stations locations

Province Ste Longitude( ° ) Latitude( ° )
Anhui Hefei 117.23 31.87
Guangdong Guangzhou 113.47 23.05
Henan Xinyang 114.08 32.12

Jilin Yaniji 129.47 42.88
Jiangsu Zhenjiang 119.47 32.18
Jiangxi Nanchang 115.95 28.55
Liaoning Dengta 123.32 41.42
Sichuan Chengdu 103.83 30.7




Shandong Linyi 118.35 35.05

2.6 Soil data

Harmonized World Soil Database (HWSD) is employed asaiienputdatainto

DNDC, which is alscemployed by AEZ modeHWSD was developed by the Land Use
Change and Agriculture Programtbg International Institute for Applied Systems
Analysis (IIASA) and the Food and Agriculture Organization of the UnitecbNsti
(FAO). HWSDprovides reliable and harmonized soil information at the grid cell level
for the world with a resolution of 1km x1km for China.
(FAO/IIASA/ISRIC/ISSCAS/IRC 2009).@& input parametershatwhich DNDC
requires includeoil texture basic profile characteristics ebil layer, bulk density, clay
fraction, soil organic carbon content and B&cause some additionalilggarameters

are reguired, other soil databasae also employeduch as ISRIGVISE(Batjes 2003
Similar to climate data, soil input data argerpolated int@a 10km grid format.

3. Methodology

3.1 Flow chart of the methodology

The operational steps for updating and up-scaling of the DNDC model are shown in
Figure3. The critical steps are as follows. Firstjculationand translatiorf rice

cultivar parameterare conductefbr nineagrometeorologicabtations based on
DSSATand AEZ. Second, &ce cultivar map is generating accordingctopping zones
reclassificationThe map idased on the original cropping zones obtainech AEZ

and the observation station locations. Third, using the updated acalegibNDC

model, GHG emissionresuls are simulated under different lesednd scenarios.
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Figure 3. Flowchart of the Methodology

3.2 Rice cultivar parameters calculation

Proper parameter estimation would ensgeuracy omodel prediction (Madson,
Wilson et al. 2002). For the original DNDC model, tlesearch target is a
biogeochemical process in different ecosystems, such as agriculiuicestry.
Thereforepnly onearray of default parameteisused talescribecrop cultivar for each
kind of plant inthecrop cultivar library from original DNDC modetor site level
simulation, a sientific approach to obtaiaccurae simulation resulmodifiesthe
default parameters based @vserved data in this site. However, for regional and
national level simulation, no matter whistation was chosen to provide rice cultivar
parameters, this stationusable to present thentire rice cultivar diversity at a large
scale. A rice cultivar database should be constructed to advance GHG emission
simulation from rice fields in China.

Key rice cultivar parameters for GHG emission simulation in DNDC model includes
maximum biomassef each pafgrain, leaf, stem and rgptarton nitrogen ratio of each
part,optimum temprature for rice growing and accumulative degree days for
maturity(TDD). Maximum grain biomss should be calculated firsthgcaselongterm

yield records at agrmeteorological stations are actual ygldotpotential yield. The

GLUE module in DSSAT mdel is employed to estimate potential yield of each station
based on observed dakdeanwhile,harvest index(H is estimatedWith the potential

yields and HI,maximum biomass of other parts would be estimated. The second step is



computingthe cabon nitrogen ratio of each paBecausenorecord data are available
on carbon nitrogen ratio in agmeteorological stationdhé statisti@al record data of
nitrogen uptake and rice production from FAO, International Rice Research
Institute(IRRI) and United States Department of Agriculture(USBreemployed to
estimate the range of carbon nitrogen ratio for rice. The last step is computing
temperature parameters of each culti@ptimum temperature for rice growing is
translated from reference temperature in AEZ directly and the TDD is calchéseld
on the daily weather data e&ch rice grawing season from 1981 to 2010.

Crop_name grairn-bioHarvesitotal biomigrain frleaf fstem :root totalClN demancOptim TDD (
Rice—&HHF 11436, 353 005273 25516, 4052 0, 4482 0,201 0,201 0,15 52, 658 209, 583 27 2889
Rice-HNXY  11597.39 0.5179 26344, 902 0,44021 0,208 0, 205 0,15 52,913 215, 382 25 3778
Rice—JLYJT 10761, 25 0. 5311 23840, 098 0, 45159 0.199 0,199 0,15 52,555 196. 186 22 2965
Rice—J5Z7T 11539, 5 0.5073 26737.1765 0.43159 0,209 0,209 0,15 53,189 217,479 25 3884, 3
Rice—JENC 9055, 583 0. 6058 17585, 4902 0, 51455 0,168 0. 168 0.15 50,522 150, 0%4 30 2594, 95
Rice-5CCD 9885, 211 0. 5644 20602, 291 0, 47971 0,185 0,185 0.15 51.64% 172, 345 25 3873.8
Rice—SDLY 12396, 41 0. 4958 20415, 9862 0, 42142 0,214 0. 214 0.15 53. 515 237. 829 25 3808. 68
Rice-LHNTT 12908, 6 0. 5521 27504, 5882 0. 46933 0.19 0,19 0,15 51,982 228,716 22 3471.55
Rice—GDGZ TE01l. 4 0.5486 16731, 1373 0. 46628 0,192 0,192 0,15 52,079 138, 883 30 3381.45

Figure 4 The new rice cultivar library in DNDC

3.3 Cropping zones re-classification

The cropping zonsystem defines the land use units by climate, soil and terrain
characteristics that arelevant to specific crop production. Cropping zones often
represent the spatial digtation of crop cultivars in Istorical climate conditior{$ian,
Zhong et al. 2014). In this research, the original rice cropping zone map of Chaima whi
is defined by AEZ model is employe@iven thatinestationsare available out df4
cropping zones, cropping zones reclassifiechéde suitablenatch between croppug
zones and rice cultivars at niagrometeorological stations.

The methodology of retassifyng followed certain guidelines. Firgf,a stationsin a
cropping zone, the rice cultivar parameters of this cropping aosthesame as those

in this stationSecond,fino stations in a zone, the closest suitable cultivar statson
chose for the zone. The original rice cropping zones map of China are presented in
Figure 5 and the reclassified oseshown in Figure 6.

After reclassification, the cropping zone map of Chinaaschedwith the land use map
of China in 2000HWSD mapandclimate data map. Because the reseaegion
comprisegice fields in China, rice fieldrid would be chosen frotheland use map of
China. Finally, tle rice cultivar map of China mesented in Figure, and the input
information of each grid cell will be generated.



Figure 5. Original rice cropping zones map of China

Figure 6. Reclassified rice cropping zones map of China
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Figure 7 Rice cultivar map of China

4. Result and analysis

4.1 Yield validation

The accuracyf the updated DNDC model should be ¢esand validated before

simulatingrice growthand GHG emission. Observed data from the agre

meteorological stations are employdtheideal field management parametars used

as input to ensure the rice growing without any water and nitrogen stress. Thesishoic

madein the simulatiorto ensure that crop growth is only influenced by weather and soil

factors.The observednaximumattainableyield from 1981 to 2010 is chosen to

compare with theimulation resultThe Relative Absolute Error(RAE, percentage,

Equation 1) is selected to evaluate the departure bewbsenved data and simulation

values.

__ |Obs—Simu]|

- Obs
where Obs is the observation values and Simu is the modebsathMalues

The value of RAE in total 9 stations are calculated (Table 2 and Figurae3jesult
shows thathe range of average RAE for yigfdnine stations i4.51%-8.14%. fe
simulationyield without water stress and nitrogenous stress is moes®elual to the
observed maximum attainabjeeld. Hence the updated DNDC with new cultivar
parameterérom observed record and DSSAT and AEZdelxould simulate rice
growthaccuratelyand properlyn all statiors.

RAE X 100% , (1)

11



Table 2. The average RAE values in 9 stations

Site average RAE
AHHF 5.45%
HNXY 3.20%
JLYJ 4.68%
JSZJ 4.69%
JXNC 2.25%
SCCD 1.51%
SDLY 7.72%
LNTT 4.72%
GDGzZ 8.14%
Case-1 Case-4 Case-7
,__ 12000 11,160.85 . 12000 10,842 80 _ 12000
5] ] 5]
5 1000 10,815.00 1051582 : S99 01000 10,566.98 5 100 058190
T 5000 -3 5000 10,135.90 T 2000 9,242 35
2 9,516.53 2 2
g g g 8,580.00 560315
7500 7500 7500
observation simulation observation simulation observation simulation
Case-2 Case-5 Case-8
12000 12000 12000
T 10,754.83 = =
£ £
~§ 10500 1002630 10,342.82 K] 10500 seoao 3 10500 anesas
£ s0c0 9,709.30 g %000 8,812.00 8.622.77 g sow 9,184.00 8,752.02
S = 622, =
7500 7500 8,268.40 7500 8,276.10
observation simulation observation simulation observation simulation
Case-3 Case-6 Case-9

12000

10500 | 10,500.00

Yield(kg/ha)

9000

7500

10,164.05

observation

Figure 8. Comparison between maximum observed record and simulation result in 9

10,514.00

9,778.58

simulation

12000

10500

Yield(kg/ha)

9000

4.2 Site-level simulation

9,240.00

9,240.38

observation

stations

9,530.50

8,860.78

simulation

Yield(kg/ha)

10500

9000

7500

6000

7.677.03

7,510.55
6,945.00
7,235.00

observation simulation

The sitelevel simulation focaes onrice growth under different scenarios of

nitrogenoudertilizer application whichis the main factor impaon rice growth and
N2O emission in rice field€Excessive application afitrogenoudertilizer is also a
main contributor to water and soil pollution. Therefore, findimgbalanced level of
fertilizer application is meaningful for crop growing andagcosystem development
sustainabity. In this simulation, maximum values of fertilizer application in different
stations from observed record are chosen as the control group, which means the
fertilizer application is 100%, and other groups are generated bagadaiionfrom
the control groupln every station21 group need simulation The result of riceield

in AHHF station under different fertilizer scenarfoem 1981 to 2010s presentedh
Figure 9 the result shows that in AHHF thalanced fertilizer apmation is 85%,
which meansice yield will not decrease if nitrogenous fertilizer applicatieacheghis
level. With this simulation, the balanced fertilizer applicationacle statiorcould be
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calculated. The balanced fertilizapplicationlevel of each stations presentedh

Figure 10. The result shows tHattilizer application in alhine stations are higher than
actualcroprequirement by a scale of 5%36%.The historicdly most balanced station

is SCCD In GDGZ and JLYJ, the extreme application of nitrogenous fertilizer needs to

becontrolled.
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Figure 9. Yield in AHHF under different fertilizer application scenarios dutBgjl to
2010
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Figure 10. The balanced fertilizer application level in 9 stations

With theresult of balancedeftilizer application level in ninstatons, GHG emission
changedetween 100% fertilizer applicati@eenario and balanced fertilizernpdipation
level in each stationould be simulated. THBHG amission changing result is presented



in Table 3. The result shows that it is not a simple phenom&himh is not limited to
simply reducing fertilizer application to mitigate N2O emissibime factors thaaffect
GHG emission dmot just include application of nitrogenous. Based on thidtresu
adoptingbalanced appdation level could mitigat®&l>O emission significantlygiven
thatthe average of YD emission reduced ratio is 36%0\WMever, the Chlemission
changsas irregular and insignificant.

Table 3. The GHG emission changing in 9 stations under different scenarios

Actual Balanced GHG emission changing(kg/ha/year)

fertilizer  fertilizer

use applicationratio CHs N2O

(kgN/ha)
AHHE 335 85% 0.402(0.11%) -0.671¢27.96%)
GDGZ 255.3 65% 1.058(0.49%) -0.913¢22.65%)
HNXY 330.5 80% -2.580¢0.75%) -0.055¢29.85%)
JLYJ 273 65% 6.072(4.25%) -0.241¢68.65%)
JSZJ 3345 75% 3.130(0.89%) -0.486(44.82%)
JIXNC 203.6 90% -0.882(0.58%) -0.148¢12.42%)
LNTT 252.9 80% -0.234(0.12%) -2.587(76.66%)
SCCD 186 95% 1.355(0.58%) -0.059¢9.76%)
SDLY 250 70% 11.410(3.15%) -0.430¢32.53%)

4.3 Regional-level simulation

After sitelevel simulationyegionalievel simulation shoulthe consideredn regional
level simulation, 4244 grid cellsexclassified based on cropping zanapand land use
map Like sitelevel simulationyice growthsimulation is only foa singlegrowing
seasonRegardlessf the location of rice planting and growing, the double season rice
and triple season rice are notiuded. Based on the gap result of yiedngeand

GHG emission changing between 100% fertilizer application and balantézeier
application, the regiondével simulationshould focus on this gapith historical

climate observed data afgdurescenario data.

The averaggield and NO emission change from 1981 to 2010 are presented umdsig
11and12.The result shows that if employ the balanced fertilizer application level, the
averageice yieldduring 19812010in most ares of China could hold well. Ae
decreasing range feom 0% to4%. However,in some ares such asortheast of

China, north of Ningxia province and east of Jiangsu provimyieldwill decrease
rapidly, and the highest decreasing ratio is 13 /Bafther research should focus on
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these areas to capture the reagonrice yield decreasingnd todetermineanother
balanced level of fertilizer application

N2O emission change result shows that, fikiégation at site levekhe mitigationof

N2O emission is significardtregional level The range of BO emission decreasing

ratio isfrom 4% to 98%, and the value is higher than 20% in most arbas. T
distribution of decreasing ratis correlated with the distribution and decreasing values
in different stationdgut not includingcGDGZ

Theyield changingand NO emission resutindicatethat in northeast of China,

fertilizer application impact onice growing and GHG emissiasisignificant Given
thatthis area is a main rice plantinggion in China, future research could focus on this
area to provde scientific evidencm the reduction of BD emissiorwithout decreasing
rice yield

Yield Decreasing Ratio

Unit: %
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B 1-2H10-12
[2-4112-135
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Figure 11. The yield decreasing ratio during 1981-2010
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Figure 12. The BD decreasing ratio during 1981-2010

The average yield and>N emission changes from 2010 to 2039 are presented in
Figures13and14. Compareavith historical result, thelistribution of yield and BD

are similar. he reduce ratio of XD emission is also similabut the average yield
changan the future will alleviateThe yielddecreasingatio is 2% smaller than the
value from 1981 to 2010 in most areiasneans thathe balanced fertilizer application
level may decrease in the futunemost aregswhich is a good news for tigating the
GHG emission and pollution.
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Figure 13. The yield decreasing ratio during 2010-2039

N20 Decreasing Ratio in 2020s

-

Unit: %

[ 3-10 [740-60
7110 - 20 W 60 - 80
[ 120-30 80 -100
[ ]30-40

Figure 14. The BD decreasing ratio during 2010-2039
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5. Conclusions and discussion

Scientific upscaling methodology for site-level agroecosystem modét important. t
could improve th@ccuracyand decrease the uncertainty for theaedgevel simulation.
Further, itis ascientific approach to provide evidence for policy choices at regional and
national leved. In this research, a scientific method basedouping different models
was employed together with upscalamgrocesdased biogeochemigtmodel, DNDC.
The method started witfice cultivar parameters calculatidDultivar parameterthen
matchedwith the cropping zone map, which reclassified from original cropping zone
map in AEZ. This method combin¢de datdase in AEZ with the DNDC modahd
directly appled DNDC at the grid cell leveWith the updated and upscalBdiDC

modéd, the simulation for both sitend regional levels under differemenarios are
accomplished.

The conclusions of this research can be summarized as follow:

1) The ricecultivar parameters in DNDC habeen successfully enhanced anddite
simulation wasalidated based on field observations, the result showthihat
updaed DNDC with new cultivar parametdrem observed record and DSSAT and
AEZ modelcould smulate rice growtlaccuratelyand properlyn all statiors.

2) Based orsimulation resulf and observed recordbe application of nitrogenous
fertilizer is higher thathe actual crogequirementFertilizer application is
excessive in all station¥hus,extreme fertilizer management shoulddoatrolled.

3) Reductionof the application of nitrogenous fertilizer to the balanced level will
significantly miigate NO emission without negative consequenmeyield.
However, forCH4 emission, this approach couléirésult ina significant mitigation
The mitigation approach for GHmission needs to consider other factors.

4) Reduction of the application of nitrogenous fertilizer to the balanced levebia als
good approach tmitigateregional NO emission except in northeast of ChiRar
this region, more factors should be considefedew balanced fertilizerpglication
level shouldbe determined

5) The balanced level of fertilizer application may decrease under climate change
scenario in the future. ith the new balanced level, more®lemission couldbe
reduced

6. Work plan in the future

In this researchmitigation approach for §O emission has been discovered. However,
for CH4 emission, &cientific approach for mitigation stileeds to be discovered.akly
advanced management methodsce fieldsare available, such as more effective
irrigation methodjncreasingstrav back raio and nontillage farming. These
management practices may hagood impact on rice growth and £éiission
mitigation.Hence the next step should be to constrsnarios for these advanced
management practiceRice yield and GHG emssons under these scenarios shdadd
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evaluatedThese methods should result in the discovery of a good approach to mitigate
CH4 emission without decreasing rice yield.

The other research gaalthe future is considerinpeimpact ofcrop rotatioronthe

GHG emission in rice fields. For most asea China, ensuring food security requires
rotating the planting of riceith other kinds of rice or other crops. In this methodology,
soil and management parametersdifferent from the single rice plangrfields.This
practice cald impact on the microbg’activity and chemical reaction in the soil,
therebyinfluence the GHG emissiomherefore crop rotation information should be
added in the model simulation to impraesultaccuracy

For future simulaon, other climate change scenarios and otheraté model datasets
should beemployed as climate input daf@ata could thelbe compare with different
climate dataset€valuationof the yield and GHG emission with different climate
datasets is also a meaningful research goal.
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