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ABSTRACT

The agricultural ecosystem is one of the major sources of greenhouse gas (GHG) emissions.
In order to search for climate change adaptation options which mitigate GHG emissions
while maintaining crop yield, it is advantageous to integrate multiple models at a high spatial
resolution. The objective of this study was to develop a tool to support integrated assessment
of climate change impact by coupling the DSSAT model and the DNDC model. DNDC
Regional Input File Tool(DRIFT) was developed to prepare input data for the regional mode
of DNDC model using input data and output data of the DSSAT model. In a case study,
GHG emissions under the climate change conditions were simulated using the input data
prepared by the DRIFT. The time to prepare the input data was increased by increasing the
number of grid points. Most of the process took a relatively short time, while it took most
of the time to convert the daily flood depth data of the DSSAT model to the flood period
of the DNDC model. Still, processing a large amount of data would require a long time,
which could be reduced by parallelizing some calculation processes. Expanding the DRIFT to
other models would help reduce the time required to prepare input data for the models.

Key words: Greenhouse gas, Crop growth, Gridded simulation, Model coupling, Object-oriented
programming
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Table 1. List of parameters included in input files for the DNDC model in the region mode

Input file type Parameters(variables)
Climate Daily weather data including temperature, precipitation, wind speed, radiation, and humidity
ClimateSoil Grid ID, climate file name, N deposition, soil properties for each grid cell
CropArea Acreage of cropping system
CropParameter Maximum yield, thermal degree days to maturity, and water requirement for each crop
Fertilization Fertilizer application date, type, and rate
Flooding Start date, end date and method of flooding
Irrigation Irrigated percent for upland crop
ManureAmendment | Manure application date, CN ratio, and rate
PlangtingHarvestDates | Planting and harvest dates
ResidueManagement | Fraction of above ground residue
Tillage Tillage date and method
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Station_100257_128.235_37.675
(A) "1 T3.49 “ams 1.00
2 428 -1.49 8.75
3 5.02 -4.19 2.74
4 2.7 -5.76 0.04
a] 3.38 -5.32 0.04
G 5.71 -5.92 0.04
7 5.89 -7.78 0.04
g 3.13 -4.89 0.04
] 6.79 -5.73 0.04
10 5.7 -5.38 0.04
1 3.24 -7.67 0.04
12 314 .91 0.76
13 -0.31 -13.04 0.64
14 =199 -12.8 0.79
General information of grid cells: location, climate station ID, and soil properies
{B) 20 Country Country-name Lon Lat Climate—file dep x  SO0Cmin
20 Country Country-name Lon Lat Climate—file N-dep  SOCmax SOCmin
276597100 191 KoreaSouth 126.785 35.325 276597 1 0.0198 0.0198
154442100 1, KoreaSouth 129.365 36.955 154442 1 0.0136 0.0136
212155100 193 KoreaSouth 128.225 36.185 212155 1 0.016 0.016
288725100 191 KoreaSouth 127.905 35.165 288725 1 0.0204 0.0204
244556100 191 KoreaSouth 129.306 35.755 244556 1 0.012¢ 0.0127¢
147443100 191 KoreaSouth 126.965 37.045 147443 1 0.0044 0.0044
224942100 191 KoreaSouth 128.425 36.015 224942 1 0.0106 0.0106
168528100 191 KoreaSouth 127.535 36.765 168528 1 0.0212 0.0212
311211100 191 KoreaSouth 127 465 34.865 311211 1 0.0106 0.0106
239806100 191 KoreaSouth 126.865 35.815 239806 1 0.0167 0.0167
124238100 191 KoreaSouth 127.725 37.355 124238 1 0.0142 0.0142
251064100 191 KoreaSouth 126.795 35.665 251064 1 0.0032 0.0032
Weland crop flooding: "StartDate_EndDatae_Method"" (Methods: 1 continuous flooding.2 midseason drainage,
{(:) 4 Fallow Corn Sovbean Rice
4 1 3 20
276597100 0 0 0 A157_169_1/194_211_1/217_269 1
154442100 o] o] o] A150_157_1/190_283_1/351_360_1
212155100 o] o] o] A147_1582_1/173_284_1
288725100 0 0 0 /147_154_1/172_280_1
244556100 0 0 0 A146_152_1/190_227_1/228_286_1
147443100 0 0 0 A147.1593_1/172_181_1/246_267_1
224342100 0 0 0 A147_152_1/195_204_1/231 _277 1
168528100 0 0 0 A147_1533_1/172_180_1
311211100 o] o] o] A147_153_1172_2741
239806100 o] o] o] A1AT_152_1/173_181.1/134_209_1/220_237_1/2389_265_1
124238100 0] 0] 0] A147_153_1/172_173_1/136_200_1/246_276_1
251084100 0 0 0 /147_153_1/173.180_1/194_269_1

Fig. 1. Sample of input files for the DNDC model. (A) -
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(A) *WEATHER DATA : X243

@ NS LAT LONG ELEY TAY  AMP REFHT WNDHT
X243 35.7 126.7 12 14.2 28.3 -99.0 -83.0

@DATE SRAD TMAX TMIN RAIN

16001 5.5 8.6 -1.1 0.0

16002 5.6 126 1.6 0.0

16003 9.9 12.7 2.5 0.0

16004 10.0 8.5 -0.1 0.0

16005 5.7 3.7 -2.3 0.0

16006 4.4 5.7 -43 0.0

16007 56 3.2 0.3 0.0

16008 5.5 3.5 -1.8 05

16003 58 6.2 0.1 0.0

16010 10.4 7.6 -1.6 0.0

16011 10.3 3.5 -3.2 0.0

16012 9.7 2.5 -6.4 0.1

16013 3.3 2.2 2.0 6.5

16014 9.1 28 -2.3 1.0

16015 6.2 6.7 -2.0 0.5

16016 11.0 9.2 -2.5 0.0

16017 3.2 46 0.4 45

16018 4.2 3.7 -4.9 05

16018 3.3 -3.4 -8.1 9.0

(B) *53EF000000 RDASOILDE -89 160 RDASOILSERIES

@51 TE COUNTRY LAT LOMG SC5 FAMILY
KOREA KOREA -35 -33 So

@ SCOM  SALB SLUT SLDR SLRO SLMF SLPF SMHE  SMPX SMKE

R 0.14 6.0 0,60 /3.0 1.00 1.00 [B0OT IBOOT IBOOT
@ SLB SIMH SLLL SDUL SSAT SRGF SSKS SBOM SLOC SLCL SLSI SLCF SUNI SLHW SLHB SCEC  SADC
14 40,154 0.297 0,497 1.000 0.23 1.23 1.81 27.1 39.3-99.0 -99 4.4 3.7 13.6 -99
26 BAt 0.192 0.323 0.453 0.670 0.23 1.37 0.77 34.5 29.6 -93.0 -83 4.5 3.8 16.0 -89
38 Bt] 0.185 0.309 0.433 0.527 0.23 1.43 0.58 33.1 26.8 -99.0 -89 45 3.7 16.2 -9
56 Btz 0.169 0.284 0.418 0.331 0.43 1.47 0.5 29.7 23.2 -99.0 -93 4.7 3.9 13.5 -99
160 C0.156 0.263 0,396 0.115 0.43 1.54 0.21 26.5 20.9 93.0 -93 45 3.7 13.5 99
@ SLB SLPX SLPT SLPO CACOZ SLAL SLFE SLMN SLBS GSLP4 SLPB SLKE SLMG SLNA SLSU SLEC SLCA
14 99 -99 -99 99 99 -9 99 32 -99 -89 1.1 1.3 0.1 -99 99 -89
26 -99 -93 93 93 -83 93 93 29,5 -93 93 1.3 1.1 0.1 99 -9 -89
33 -99 -93 93 -99 -83 93 -99 20,2 -89 93 1.1 0.7 0.1 99 -9 -49
56 -99 -93 93 99 -83 93 93 34,9 -89 93 2.0 1.1 0.1 -99 -89 -49
160 -93 93 -89 -39 -99 93 -99 33.0 -99 93 1.9 1.0 0.1 -89 -89 99
(C) AJREATMENTS ] FACTOR LEVEL§-——-——————-
GNROCTNAME, . ..o CLIFL SA I1C MP Ml MF MR MC MT ME MH SM
1100 BUANZO1S Chuchung 1170071 1100000
2 10 0 BUAN20T8 GLLE 210011100000
*CLLT IVARS
@C CR INGENO CNAME
1 Rl NKOOO3 CHLCHUNG
2 Rl GLODO1 GLUE
*FIELDS
6. ID_FIFLD WSTA.... FLS& FLOB FLDT FLOD FLDS FLST SLTX SLOP ID_SOIL  FLNAME
1 BUANOOO1 ¥2431801 -89 ODROOO O 000000 CL_ 125 53GFO0000O JB
B KORD Lo YCRD ... ELEV oot AREA SLEN FLWR .SLAS FLHST FHDLR
1 0 0 0 0o o 0 0 -93 -99

*PLANTING DETAILS
P POATE EDATE PPOP PPOE FLME PLDS PLES FLRD PLDP PLWT PAGE PENY PLPH SPRL
118144 -93 53.56 -89 T H 30 0 il 0 30 23 3 0

* |RRIGATION AMD WATER MAMAGEMENT
| E I

@ FIR IDEF ITHR IEPT IOFF IAME  [AMT IRNAME
1 1 50 50 100 |BOO1 IROOT 100 -99

@l IDATE IROP IRYAL
1 18138 IROIO 200
118139 IROOS 7
118139 IROO9 250
118138 [ROM 50

*FERTIL IZERS { INORGANIC)

@~ FDATE FMCD FACD FDEP FAMN FAMP FAMK FAMC FAMO FOCD FERMNAME
1 18138 FEOOS AP012 13 55 0 0 -89 -339 -39 Control
1 18154 FEOOS AP012 1 22 0 0 -9 -99 -99 Control
1 18188 FEOOS APO12 1 33 0 0 -89 -89 -89 Control

Fig. 2. Sample of input files for the DSSAT model. (A) - (C) represent weather file, soil file, and experimental
file, respectively.
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DSSAT.

DNDCH

I _ingut - dasat_mput* 5 _cesmiter :cnar
|-m_sote : cesst_scd_m* 8m fiebutier :char
l-m_cuen : cusan® fm year < int

|-m sod id: sting #m_ingutfite  irngsveam

l-m_base_yesr :int
m_input : dssat_input®
m_tlema : kei<dnde_io_node>
l-m_sites : steste_nodex

[m_trt st vector<dssat veaiments>
+DESAT M behlanages()

itreadFileHescen]) - void
+OSSAT NF deManager|) treadFileContent ] - vold
+getinpull): dagal_input #unteFileHeadar] @ sting
+get TRT Mo - int twmiteFile Content) : sting
+ink inpaiteet | dssal_input ) voud ivlodedF e anaged()
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+indiszeinpuiDatal) | voud +selyear|year: int) (Vo
+read_conig_ka{lemp : char):int +getYear]) : in
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+read_reaments|lemplie : stngstzmam &, lempnput - dssat_input ) : void
+printSol{lyerOnly :boal) : ved

|[-readTreanentsl) : voud

|-readCultvas () | void

|-readFelds]) : vewd

|-readinaC cendtiond) © voud

|-readPlanting]) : void

|-readimigaton() | voud

char*

+ioadfie({fiename - sing) - vod

+prntStream): string

BparseHeaderine : strng, header : veclorsxelement> &, delmiter : striag) : v

nt, buffer : chas*) : void

rdumpiie{flename - siring) © voud

l-m_sois : kstesod_node>

|-searchF ieidslirtid : int = -98) - void

|-sesschianagementsidilename : string, trid : int = 48) : voud

|-emateHaader(nhasdar * int, valse  ating *) ° xalamant *

[FareDNDCreader{nheader : i header | xsiement *) : siring

|emeDNDCLne{iheader : inl, hasder : xelement ) . siing

a [FemneCamatasci{andcpatn | siieg, prefi: © stning) : void
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Fig. 3. Class diagram of ModelFileManager, DSSATWxFileManager, DSSATXFileManager, and DNDCFile

Manager.
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dm : DNDCFileManager xm : DSSATXFileManager

1: loadFile(filename : string) : void

2: initializelnputData() : void

3: readFile() : void

4: getinput() : dssat_input*

[if sw == FIELD_ONLY]

e I i o

|
|
|
I
U:_‘ 6: searchManagements(xfilename : string, trtid : int) : void :
I
1
|

Fig. 4. Sequence diagram for loadTreatments.

dm : DNDCFileManager wxm : DSSATWxFileManager

1: loadWTH(filename : string) : void

2: readFileHeader() : void

3: getLatLon(lat : float&, lon : float&) : void

4: readFileContent() : void

5: begin() : void

loop

s g o S S o S

[while current != end]
1

I 6: getCurrent() : daily_wx

e A A N S

7: next() : bool

Fig. 5. Sequence diagram for loadWx.
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Table 2. Number of cells for each decade

RCP! RCP 4.5 RCP 8.5

Dec? | 2030s | 2050s | 2080s | 2030s | 2050s | 2080s

N° 342 353 318 296 289 491

1. RCP represents representative concentration pathway
2. Dec indicates decades
3. N indicates the number of cells
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Table 3. Management options used for case study

Management

Options

Cultivar

Early, Medium, Medium-late

Transplanting (DOY")

90, 100, 110, 120, 130, 140, 150, 160, 170, 180

Fertilizer (kg/ha) 90, 110, 130

1. DOY represents day of year
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Fig. 6. Distribution of wall time and the number
of sites for each year.
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Fig. 8. Distribution of wall time to calculate flooded
period for each grid cell. Solid line, dashed line, and
dotted lines represent the cultivars for early, medium,
and medium-late maturing group, respectively.
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Fig. 9. Greenhouse gas emission(kg CO2-eq / ha) for each decade under (A) RCP 4.5 scenario and (B) RCP
8.5 scenario. Dots below and above the box represent 5% and 95% percentile, respectively.
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