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ABSTRACT

Alternative cropping systems would be one of climate change adaptation options. Suitable areas for a
crop could be identified using a climate suitability model. The EcoCrop model has been used to
assess climate suitability of crops using monthly climate surfaces, e.g., the digital climate map at high
spatial resolution. Still, a high-performance computing approach would be needed for assessment of
climate suitability to take into account a complex terrain in Korea, which requires considerably large
climate data sets. The objectives of this study were to implement a script for R, which is an open
source statistics analysis platform, in order to use the EcoCrop model under a parallel computing
environment and to assess climate suitability of maize using digital climate maps at high spatial
resolution, e.g., 1 km. The total running time reduced as the number of CPU (Central Processing
Unit) core increased although the speedup with increasing number of CPU cores was not linear. For
example, the wall clock time for assessing climate suitability index at 1 km spatial resolution reduced
by 90% with 16 CPU cores. However, it took about 1.5 time to compute climate suitability index
compared with a theoretical time for the given number of CPU. Implementation of climate suitability
assessment system based on the MPI (Message Passing Interface) would allow support for the digital
climate map at ultra-high spatial resolution, e.g., 30m, which would help site-specific design of
cropping system for climate change adaptation.
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L. M 2 1993, Boote et al., 1998, Kim et al., 2015). 9& &
Jones and Thornton(2003)-2 CERES-Maize(Crop-
7] & 2AVIA B ZTlo g2 7| THEE Environment Resource Synthesis-Maize) &S o|-&
FAEENAS] HBE7E o=, of2fgt 7|5zl wE stol ofxze|7tet efel o g]7tol| A 2055 A7HA] L4
2H=0] JIFe Brls] flsl ofe A= A HdE 0] Aol oF 10% 7FE dad Aoz Hisiel
o] AMEE|aL QJtKLee et al., 2012; Griffin et al., t}. Ludwig and Asseng(2006)2 7|2 4 CO, &

@ ® * Corresponding Author : Kwang Soo Kim
(luxkwang@snu.ac.kr)



Hyun and Kim: R Based Parallelization of a Climate Suitability Model to Predict Suitable Area of Maize in Korea 165

7k = wetol tigh Ayl e 2304 APSIM
(Agricultural Production Systems Simulator) 23S
ARgBEo] oA Wof AAo] st o= oy
sh3ick
FUolAe 7SSt g F8 2o AL
W52 dEsh] Sl 2= A 2 Z-8sto]
th FYoA= F2 DSSAT gl 2 ORYZA2000
walS ALgste] 22 RS =510l PrkKim e
al., 2015). Lee et al.(2012)2 ORYZA2000 =4S
o]-g5to] 7| gzt whE B A Wl 9
Hx= 2912 713-2ds), A7), Almjay) 3w
A o] ZE 60%, 12%, 10%, 2% 4 Ao 2 B35
t} Shim et al.(2010)-2 DSSAT X 2°] CERES-Rice &
e o]gsto] CO7L HiFE o] R Bt 7120]
5°C AJ53= UKMO(United Kingdom Meteorological
Office) AlutE]e. 2xollx] Ho] Ep7IRto] 16~18Y T
Z5|31, o] HAAOR 15% Tad AosE A
31tk Kim ef al.(2012) SA| CERES-Rice HE2 o]-&
3lo] RCP 8.5(Representative Concentration Pathways
8.5) Alutz] ol AR thH] 2090ATho] Bio] &4=7]

7h Bt 1790 ©EHE| N, SRS 13% ad Aow

2
N
ofr
ol
¥R
a

o
N
Y
=2
i=)
gl
N
e
1o
utg
olo
fllo
Y
ot
A
xo,
fr

H
i)

o

o o

2 ot
b

[¢)

]_

> o

T
w31 glouh o] o] AEES 4
AN 571E0] ARGT 4 Gl Al
ioF Utk 53] 4 el 719

S
=)
0%

N ﬂllo ﬂi.rf
o
N
T
=
i_t“
2

I}
o
2
jus)
=
[¢]

ot

[
o

lorle
b
4o _lg{ ox

jus)
=

Of
-
N,

o
X
rr
.

=2 Al 4 ‘”E% Xéia Xl stojof itk oI5
Eol, =l AFECl 1% & v|Al= S5 WY
AR A B FEAREES AAES] Al
2> 9 FIE A|hEt 4= Qi) E3), 25 12
ZAGIAE BIIA B AR C4 212 F S]]
tzof] 7] 2450] ol 715ste] =4 sl
CRE 2z vlsl & 28 & 4= e A= Z|ehEn
(Yamori et al., 2014). §HH, ZFUjofA+= 2549] 7]
WA FES 918 ATREHE B4 715 20K
Aelk-g-olut Auljte|el Hedt AF-5o] ol
AtKSong et al., 2013; Kim et al., 2013).

Ago] Bk 7hg AATFRI e Seltet
oA Al EAIE TS| Sle) FRLEe] ST

& wofa 4 gl mAES AR e 7|42

| WE H F7tolA 28 7hstt AEE
2 AR 719 =S ARERE Al
7] of 2ol H}%Pa—am. IAFHOIME Tkm 2o
28 AFsh glort e
Ut 5AAE Alsk melsl] Sdeias & o &
° SRS AR AFARst Basi ol 98, 5
E2187g0llA 2013 o)l FFAFE7E 30mo] o] ==
J‘J—OH*JE—J TG vl A AR =5 st
S chhttp://www.agdem.kr). 12yt ILSAE 7] =}
L AT A Ak U Aol 2] 20
Al ARAA Heol T AE Aol gt Z2AIzE
ol SrAck ST F5Y S mo}oq AL

)ju

SN2517) o) BEues g elolof st A g
o] Harof tigk @Eﬂ— AR ]411 Ex 249 Eoo):_g

welshy] Sfa) Eofel Belsleld B4S e B
Fu7F st Bz} Bt ArE] 2%
Algo| =)

Al 357} 2ol Sonee] Ao AR eS @
oFal7] Sla) 2 A% wulo] tekew ujnA o
3l Fejo] 7T AGEE AT 4= 9l HElEo|
2% 4= Qlh o9& £91, Hijmans ef al(2001)2 7]&
o] Azt A F|FARE ALgato] ZEe] At
5 95T 4= 9= EcoCrop R 7dsieich
Ramirez-Villegas et al.(2013)9} Kim et al. (2014)3
EcoCrop RS ALE3to] 7|3} ZANA 4=
ojgrelet efo] e 71%@5— Sy,
T FEAFHIA LD P EFRFRRAL
glo] SEZh(http://soil.rda.go kr)o A= T}t &
ol S = 5 A Aot A

3 A AT ok olelg J1FHE o
iﬂﬁﬂ% shggichy, jg) 7| F2AINE 57 2
o sl A7t 7hsat Aeke siokslo] 7 Fmst

A= T ARAA AAE ALE 4 ek
oA 2] A= dS5S S8l s
T 7|5 AE AYE 5= sl WA 7leol
et A7 719 oo AR AL Qlek & ARollA
A &4 =7 $9 Rl Re 7Rke = WEA
2] 7| AES E8ste] A= AuiEAE A5 4
e AAE FEstaAt sidlek 53], =l 5= A
ES FIAE 5 QAL 71 AtollA AeiARE o
=2 floll tho] AR g s e R 7%

A= d5 2l 2 s el L FIlth

N—>;H>i.‘~

Y m{n Ay —1N'




166 Korean Journal of Agricultural and Forest Meteorology, Vol. 19, No. 3

ol AWHTE olE AA TEHES o) wet T
ol¢je] 7|t Aol that 7| 5et WIS AU

& 98 Aol
IL HE Yy

2.1. EcoCrop 2!

EcoCrop @2 A 20} A7t 7 kS ARE51o]
ZHE0] A Ast=S ALtk Hijmans and Graham,
2006). 74 XA 9] AiAF=E ALl K8, -4
o Ao el 2= W At S ARBSe] 2%
ZR=(T) oF == AR=(P)7} AltelthFig. 1). &=

Table 1. The parameter values of the EcoCrop model for
maize

Parameter Description Value
Gin Minimum length of growing season | 65
Ginax Maximum length of growing season | 365
Krmp Killing temperature 0
it Absolute minimum temperature 10
Topmin Optimal minimum temperature 18
e Optimal maximum temperature 33
Trmax Absolute maximum temperature 47
Ruin Absolute minimum annual rainfall 400
Ropmin Optimal minimum annual rainfall 600
R Optimal maximum annual rainfall 1200
Rinax Absolute maximum annual rainfall | 1800
(A)
1.0 4
0.8
% 0.6
L
7
0.4 4
0.2
0.0 T T
Tmin TOPmin TOPmax Tmax

Monthly average temperature (°C)

oF 7= AP =S Al ffsll AMgEE Eaes
AlEo] AR HA 22 (Kmp), AE0] A4S

= L 9 HA AL (Twin, Tiax), 21201 A
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Aol ARe] 7hsdt #a 9 FHd] A R,
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ZHRopmin, Ropmax) 5-0] E3E| o] QITH(Table 1). o=
HE47HE-S FAO(Food and Agriculture Organization)
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Fig. 1. Suitability functions of temperature (A) and rainfall (B) for the EcoCrop model.
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Package Function
makeCluster
stopCluster
snow
clusterExport
snow.time
foreach foreach
doSNOW registerDoSNOW

Q=g Aysio] we Bk AR FRsal
2IAYESS AMESIo] C, C++ X Fortrani} 22 tf
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of ZRsaick, g TR S4715S 7 R 114
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83 %= 9lthKobal er al., 2013).

R 2HollA HEX2E A Hsl7] {1gt ohggt 57
A 0] AFE 4= Stk HEA D 7HE S8 A,
1 km PP T= 30 m =22] Ve Az 7|15
RS QAR AGsIe] AbshA 2] Aupa
i oS T 4 9k 53], 2447 A15AEY
A o] mio] ZASHS BIAAS L]
Sfef Qi maghe WASHHA A 02 AuHA)
25 Salehs AR 719 Bap) e B
A2 7lsE Aot 2 Aol =
AAY 71527 E &8-5to] EcoCrop HE-E 553}
7] 93l snow(Simple Network of Workstation)E 7]

Description

starts a cluster

shutdown the cluster

assigns the values on the master
to variables in the global
environments of each node

collects and returns
timing information for cluster usage

loop that performs
parallel computation

register the SNOW parallel backend
with the foreach package.

Fig. 2. Description of functions included in R packages associated with high performance computing.
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o= oF WA Y wfj7|XES ARE-SFATH Tierney
et al., 2016). snow 7| x|= 7E YA o]KolA
HELZS & 7Rt BEAE & + sl s
= Asgict Eh sHEES HEA T 4= =S o
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17X & ARESFEEHRevolution Analytics and Weston,
2015a; 2015Db).
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o] raster} doSNOW JH?]X] =9 =23519thFig. 3).
snow?} foreach 37| x]&= doSNOW |7 X]o]| o5} =}
Fo2 20| Btk 127 WAHeE flg 2
2EE A3 93l makeCluster 35 AR5}
t}. Z8AEof A= CPU(Central Processing Unit)
F019] Aol Felxlo] EFHElo] iz CPU Aol
oA TAE sh= WRE AElstolof jitt & A+t
HE CPU 310] Aol e A2 £ wlws|
9l 1,2, 4, 8, 16 7o) CPU 7012 A3}y, B4
Wle 2l 27119l 2o} Bask) ol v
24 £4A WEAUE 49T 4 e SOCK
(SOCKet) HMAl o 2 A3}tk Socket HMAlE EA]
Sl s gizzloldolA 27t 44

e gt
o5 2L B3l dlolelE $oAlsk Hek

r°4' ]—3

registerDOSNOW =5 A[&-5lo] A= ZAEo)
A foreach 7|53 A3 4= QleZ 3hgch

library(raster)
library(doSNOW)
library(Rgrads)
ncpu=16

cl <- makeCluster(ncpu, type="SOCK”)

registerDoSNOW(cl)

Fig. 3. Implementation of library registration and
cluster configuration.

e AXRRE H7] s 48 AlTte]
AQ 7] ‘Iﬂ—roﬂ 713 mE Y e

thFig. 4). 41 Rgrads 7] *](Yoo and Kim, 2017)
o] ZE}E|o]9)= makelist T2 ALESI] Z2]E 7]
THge] wet Mg olEES TEekith EdL
readGrid $H=2 Al&o}o:l 9 22 s 22l 3
T AHEE climset o] Tgstglct. o] 1ol
foreach= £33 AAE HE CPU Fojo|A] FAof 4=
Y9t E3), %dopar% S4Ho] AL QS Qo)
WA 7l 7] o), 7] an AES F
2gto g pAdste] WHA S A Ytk
o 4 ok

Ry

{

if (floor(m / 12) ==
if (floor(m / 12) ==
if (floor(m / 12) ==

«

filename<-paste(climvar,

year, year,

1,0)
climset <- t(readGrid(filelist)[,,1])

}

allClimdata <- foreach(m=0:35, .packages=c(“Rgrads”)) %dopar%

0) { climvar<-“tavg” }
1) { climvar<-“tmin” }
2) { climvar<-“prcp” }
~monthly ”, year, “.ctl”, sep=""")
month <- (m - floor(m/ 12) * 12 + 1)
filelist <- makelist(filepath, filename,

month, month+1,

Fig. 4. Implementation of reading gridded climate data using 16 CPU cores.
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T2 AREIT B3, suitFun fhpof] B4Rl R
Zhe AASh= Parameters W A w72 A}
|E . apply 27t 7HE CPU oz 3&% o]
Ao)2l Values W47} foreach SRR E el E] o]
W= ARl g AR At Augks Adehe
allValues ®l<=2 MobFch

£
1o

allValues <- foreach (b = 1:nblock) %dopar%
{

Values <- apply (Climdata, 1, suitFun, Parameters)

}

Fig. 5. Calculation of climate suitability using 16 CPU
cores.
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o} A=E AJES= WGS 84(World Geodetic System
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U+ writeRaster §<5 ARSI 7| A=t
2000, 2030y, 2050 djo] AA Ax=H=Z o=
E9l7] whZol, vid 2EZE GeoTIFF(Georeferenced
Tagged Image File Format) 34|02 833t o]
S AEE 7 A7 R 109 717 9] Bk
Torch AR 29E 5, HEA o AREH
A LS AT Y3l doSNOW 7] %] 2]
stopCluster =5 A3}

25 HEXE| AlZtel 24

gEA e g A g5 s 245
28l AR CPU o] 7]l w2 A2jARke 574
SIATE AR APy WEA o] UE ass

7Ftoll whet ojofl wigste] AjAlte] HEEtk= 7}
% sfoll oAFHIel Ha] A7 AUk} o] AR
245 #2|X7h3} | @allrk. ekt CPU 310] )
2o whE ARA2|E 98, & 24719 CPU FojS
AR = Sl WY CPU =20 HA(KFT46-
S8230G50-230, Tyan, Seoul, Korea)o] AREE Act
o $)asEolMel 127 FolE AT 4 Qe
AMD(Advanced Micro Devices, Sunnyvale, CA)
Opteron CPU 7} Ax|=]o] it}

time <- snow.time

(
foreach (...) %dopar%

{
}...

)

Fig. 6. Measurement of time usage for each clusters
during parallel computation using snow.time function.
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Fig. 7. Performance of parallel computing for
calculating suitability using 1km data. Actual and
ideal represent observed and theoretical scaling with
increasing number of CPU cores, respectively.
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3.2. 2550 i Mtz 24
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(B)
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|

T T T T T T T
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Elapsed Time

Fig. 8. Time usage for reading climate data (A) and calculating suitability (B). Rectangle, solid line, and dashed line
indicate time for computation, waiting between computation, communication between CPU cores, respectively.
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M 20
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W so

Fig. 9. Climate suitability map of maize for 2000s (A), 2030s (B), 2050s (C), respectively.
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