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ABSTRACT

Expansion of potato production areas can improve the food security in North Korea because
the given crop has less requirements for agricultural materials and facilities. The Global
Agro-Ecological Zones (GAEZ) model, which was developed to evaluate climate suitability
under different cultivation conditions, was used to identify potential areas for the potato
production. The spatial estimates of crop suitability under low and high input management
conditions were downloaded from the GAEZ data portal. The values of suitability were
obtained at the potato occurrence sites retrieved from the Global Biodiversity Information
Facility (GBIF) database. The suitable areas for the potato production were identified using a
threshold value derived from the suitability estimates at the occurrence sites. It was found
that 90% of the occurrence sites had the suitability index value >3,333, which was set to be
the threshold value. The suitable areas in North Korea were summarized by province and
county. Rice cultivation areas were excluded from the analysis. The reported relative acreage
of potato production was better represented by the suitable areas under the low input
management options than the high input conditions. The suitable areas also had a similar
distribution to the reported acreage of potato production by county. These results indicated
that the GAEZ model would be useful to identify the candidate production areas, which
would facilitate the increases in potato production especially under future climate conditions.
Furthermore, monthly maps of crop suitability can be used to design cropping systems that
would improve crop production under the limited use of agricultural materials and facilities.
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LM E

71 AAAAR sl Hete] Al 7] A
3}o] 2|45%|31 9IcKSmith, 2020; Rhie er al., 2017).
A 10037 53ho] At 7122 1.9°C 4535k
A AA Bt wE A gehs 2 oR ekt
(Park ef al., 2010). 0|23t 7| slo] JaFo 7 Eah
A QellA] AgpdS st 7= 71 dAs o] wimet 7
=7 AAIL qlew, 53] 2HEe] Al 7|Xtel 7t
I g7h dlekA dAshe Ao HaEgict
(Rhie et al., 2017). 53Fo] Alpabs HAakeke Azt
= R0 0% =aote] A=re] AjRFRkE Ak
gre g A a5 9% 4 YLAUFAO and WHO,
2019), HAE ] thE AAAAR B3] AlgF 4=
ahA] ojele- AAolth olE 5o, 2010deilA] 2018
7HA] 717t ERt "53] 3 et Yo Ho]
A 712} 45.8% @ 67.0%08 WEZo] 2 Ao
B E]9tHUSDA, 2020). Kim and Lim (2019)2 &
Tro] Aol whet vl AATE S = AL, AR
o= 49l Za dvke] At o =l ARt
o] FUEA WiIFEIL e AR Wikt

AT BlE G FA7ITAE E 5]
H52 EtollA] by ARl AlgF ARS oA Fich
(Park and Cho, 2018). &390 IjA|EHLS HH7F 2
L 7j7t HolA AR & Stk 91t 4
27} Aal wapsgo]l wob fEEe] WrkKim,
2020). A7} H2 APA EHOR oUAS 4H[st
o] B& It FdEol L= e:, United
Nations (UN) A|A] o]& Hdo g 7Hggo] #xgt
Ao A it dlg Eol, FIA A A%t
TR A AU FUE AR AN
o] 23}5}¢tOh and Nam, 2021). E3}, & A7
ANz Lf o] AgtEo] HjEel AHEE F A o] A
AtFo] A3t tHUSDA, 2020). ojof mef, 2HE9]
ARSI 4= Sl WA SRS A
Aoz gt RS FUS W] ol HrhRhie
et al., 2017).

WA 8T o7 atgo] Wol w7 Rk
A7 RSt 7| $A S ASH R 28
Sihe eF 2HEo] vlgl] 2 AAMIE 7IdiE 4= 9ok
(Yoon, 2020). 53], a=gA|thol A A Al 7
-, WA EAEH R Bt o] 30~40% 71
THKim et al., 2019). 7AFE] B57171-e ZR2 vh,

WA QAR =T Kim ef al., 2020b). o]#a}
A Al oL S 49, Ha

Kim(2017)2 &3toj|A tju
stof AL A A o] F7ts}

713 aRlof| whE Rl A%
ZEryo] E8E 4= Sk 53], 54 AHolA 714
270 w2z LS ety sl #Hg71ht
AHE R &9 AMESE o= QIti(Ban et al., 2017; Yoo et
al., 2018; Ojeda et al., 2020; Kim et al., 2020b). 13
7Nk 2T Relshy ofZe] ZINRE $AS A}
gsto] A2o) A% WA L TS o) Z3HKim
et al., 2012). A|ER2 FARE Aujeiel 5 A=
2 AT 5 9 A9, TN BYS Abgstol
HRAAG ApRo] T Ak el 2y
4= QJTHKim et al., 2018b). ¥IH, FH|H 221 oA =)
2 Ak B3k A ArSo] B0l Y
#97} Hol Ig7It AEEge) B deinus &
uls7] oft). o] old, HaX|He dfo 7y
79t AEERE AMgSte]l B2 AL
7] olgith.

=L R TR B SRE
ME AP el EERE ARl 71FAR
whe ol gate] pBe] AMATES FHT 4 Yt
(Hyun and Kim, 2017). Hijmans et al.(2001)2 2=
o] el e AL Lo} Jrr Brslel
2= 7|54 =S A5She EcoCrop B&2 7Y
3lAT) Kim et al.(2018a)2 71T AT =5 AHALSH|
Sfall M| 22(Fuzzy logic)e 48 wae st
Ak WA 24 mAe Hawo] W] uet o7
204 H7Fsk= tnorm 1419 EcoCrop K&} 2,
t-conorm WA 02 AE At pAE 2159 =7
3 AAKLogical union operation)2 =35}o] ZHE AY
A z2A9 HIg=E AAksIctk ESL Fischer et
al 20212 AEC] Aol nA| aAME A
MRS FUstol A% Felel 7IFAYEE A
Global Agro-Ecological Zones (GAEZ) =& 71t
shsick
B Ao HE GAEZ g E-83te] B 2|
drtom o] Al Ak grHom Bae
AL BxE 9T, Sa), GAEZ RFolA dolx]
HPE A4ghe Aol AuiEAE THal] 9
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Table 1. Suitability class of Global Agro-Ecological Zones (GAEZ) model
Class Code Vs S MS mS VmS NS
. Very
Degree of . . Moderately Marginally . .
suitability Very suitable Suitable suitable suitable margmally Not suitable
suitable
o elmE|Ee Ausla 7 AEjER| o] TR Es ZARE 0|24 H7PH(bilinear interpolation) &2 5
wASEaLAL shlTk o) ol Harel AR A AulA| arc-min (10 km) FZFel== AAeRE Ab=7E AR
o} 7)Ao whE AuiARIE vlaste] 24| & ok B¢ Y= A== Harmonized World Soil
¥ 7| AT 4= Qlrk o]F3t 7S5 HItofA (HWSD; version 1.2) A&7} AR-EITHNachtergaele ef
A0 A A S Srjsha) 3 ), sl ARe] 4= al, 2014). o] AR 30 are-see A AR,
Ht Al % HekQl SAE A = e 0~30 cm®} 30~100 cm 5 F+ 78] EYTER 1759
Aolek wop S40] EeEols)c
Az Al 235 71| sl Wl A%, EA
L XHE U ol§ 59| FEE0] GAEZ BH2| F7b52] 9

2.1. Global Agro-Ecological Zones (GAEZ) 22!

Bakx|ode] o2 A HAAE A 9l
GAEZ (version 4) 2o 2 A% 7R} Zgle |45
I or BAS9E GAEZ RS Food and
Agriculture Organization (FAO)$} International Institute
for Applied Systems Analysis (IIASA)7} 3-57]5}
AAtHFischer et al., 2021). T4 2| ¥ o] AujAT =5
Artstz] 918l GAEZ 2F2 2ha Aol 9= +
© 4 W A 255 gty =1L olgl
ZAES Ao R HUBE] YY) 30 arc-sec (1 km)
wele] Axpam R Ske Aol 671 g
H35(Suitability Class)E& Z%J$lcKTable 1).

AR WA AN Slal /1% 0 £ 37
AiEo] YRR AGEKTable 2). 715 452
+ Climatic Research Unit Time-Series (CRU TS;
version 3.21) AF&2} Global Precipitation Climatology
Centre (GPCC) 2}&7} AMLEITE CRU TSE 19014
B 20129714] 4,0007) o)do] HEwRE d2
oY ZARS YHE FFslo] 30 arc-min (55 km)
IR AARE AR RLR ot (Harris ef al.,
2014). o] A7ol= GAEZ 239 HHLRE AR
et 2% dual 5 31 5 9
Hl=7} s2gkeo] qlok GPCC Alme FY
10 o) 7 BSAR7E 7183 67,200712] A
oA 8= &5 o TR =
2 AAE AXIR}R o]t (Schneider er al., 2011).
GAEZ H3oj|x= CRU TSL} GPCC2] 30 arc-min 7|

A2 ATk Table 2). ) 7Hs #12S Lial]
2J3ll Global Map of Irrigated Areas (GMIA)7} A&
Elc(Siebert ef al., 2013). GMIA= A A|A =719
W AL SAARRSE W 2o dA=S 5ls
5 arc-min =R AYRARE F7F xpgE 2 7 Az} Y
7N A mlgo] ZetE o] Qlrk A P2 B wE
A= Antstr] f18l 3 arc-sec (90 m)&] F7a 4
%8 71 AAE ARk AAgE o] AR Shuttle
Radar Topography Mission (SRTM) A2E AlE-5}0]
A=l o FAKEZE 8714 M= FHEE o] ik
(Gorokhovich and Voustianiouk, 2006). AX}H EX]

o] 8-S e 7] Y3l 30 arc-sec?] F7HIAAES 7}
Zl Global Land Cover(GLC)-SHARE A&7} AME-H
tH(Latham et al., 2014). o] A}Rof= 12719 HFEZ
EA] o] go] FhEE o] Stk olQ]o AFHot 2
270 ofsf 2= A7t of2le: A9 ALlsk] 9
3] World Database of Protected Areas (WDPA), Key
Biodiversity Areas (KBA), Global Lakes
Wetlands Database (GLWD) 59 3274 E djo|gH]
o|AEo] ARMFETHUNEP-WCMC, 2019; KBA
Standards and Appeals Committee, 2019; Lehner and
Dél, 2004).

GAEZ 282 5 arc-min?] F7FAIEoA A=
Z|4x(Suitability Index; SHZFS AlAKSIcE GAEZ &g

and

oA AtElE HIw Wagke Tk QExiae] A
tkojel 30 arc-sec AAPHE ZEECh SIZES o5 H
ZF7ro] 5 arc-min AAE At 9= WA ]_54

A wEge] 1A Ak WAOR thew
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Table 2. Spatial data used as inputs to the Global Agro-Ecological Zones (GAEZ) model.

Variable Data (version) Resolution Units
Mean monthly minimum temperature CRU TS (v3.21) 5 arc-minutes °C

Mean monthly maximum temperature CRU TS (v3.21) 5 arc-minutes °C

Sunshine fraction CRU TS (v3.21) 5 arc-minutes %

Relative humidity CRU TS (v3.21) 5 arc-minutes %

Wind speed CRU TS (v3.21) 5 arc-minutes m/s
Precipitation GPCC* (v6) 5 arc-minutes mm
Soil type and soil phase information HWSD® (v1.2) 30 arc-seconds class
Land cover GLC-SHARE® 30 arc-seconds class
Elevation SRTM® 3 arc-seconds class
Water source of irrigation and irrigated areas | GMIA® (v5.0) 5 arc-minutes class
Lakes and wetlands GLWD® 30 arc-seconds class
Protected areas WDPA® polygon class
Key biodiversity areas KBA® polygon class

®

CRU TS(Harris et al., 2014) and GPCC(Schneider er al., 2011) represent Climatic Research Unit Time-

Series and Global Precipitation Climatology Centre, respectively.

o

HWSD(Nachtergaele et al., 2014), GLC-SHARE(Latham et al., 2014), and SRTM(Gorokhovich and Voustianiouk,

2006) indicate Harmonized World Soil, Global Land Cover SHARE, and Shuttle Radar Topography Mission,

respectively.

o

GMIA(Siebert et al., 2013), GLWD(Lehner and D&l, 2004), WDPA(UNEP-WCMC, 2019), and KBA(IUCN,

2019) represent Global Map of Irrigated Areas, Global Lakes and Wetlands Database, Database of Protected

Areas, and Key Biodiversity Areas, respectively.
o] AAFgEItKFischer et al., 2021):

100 « (90 « VS+70 « S+50 « MS+30 « mS+15 « VinS+0 « NS

o= 0.9

(Eq. 1)

1714 VS, S, MS, mS, VinS 9 NS= ZAzlo]l =3+
A3 W WA ulee ek

2.2. XHui ™x| 2

GAEZ Data Portal & AME-3le] B35Hx]| 9] A3z
A AAmg 381 cHhttps://gaez.fao.org/; accessed
on 1/7/2022). o] YAlo|Eo A= A=y} Iz 9
Hlg ¢ 2R AvE Ae A4 A=27) Al
Ha gtk S Amels Al ARy EEA
(cropland)2 5= ZZ}of| ot z|gko] E3HE| o]
QT E ATtoflA= 1981 W RE 201097H4] 7)1t &
ote] F|Faol M AR Al H3kE A4 RS
4 0]'0“3‘:]' GAEZ Zg o)A AM2E]= white potato
7 BaeA s s e B4 wgeks
Aoz Aelsith BaolA Het Saol 2o 7

R i EXI R AT E PARCSCL IS
Hj =1, ZHb= F3l(Rainfed All Phases)Z 710 A
A Ao FHgstel ARE A4 ARE 445
o} 3k HlE 0] e AFEe] Hols Bajel]
A&l =9 F(Input level)o] =2(Sly) 24T} 2
(SIy) 271014 AR Hahe BIARE S

o] RS TRl s HatE Ao
AAZES AABIACE SIEE 057E 10,0007H4] 9] ¥
e 7P<11 ot Al Aet=E vehflz] $13) 871
o] HFEg BE2ErKTable 3). 2 A oA o]g3t
T EH*LOPC’% AR S FED 4= U= ST
AZFS 2A3IL) o]5 9J3H, Global Biodiversity
Information Facility (GBIF)o| =&5%]0] Q= AR} 51t
B 2725 $3 5t https://www.gbif.org, accessed
on 12/16/2021). GBIF:= 78 yEZo] urAE 9%
AWE AFS 9ok oF ARE A, T3
A4l 5ol olol 4% s sl gl 2
Ao Aao] EBAURIE 98] A} wE %
Hel S 9 oF | km B9lolA] wHeali S
2 e AAsknh

Lmi
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Table 3. classes Identified by the Suitability Index (SI) values

0<SI 1000 < ST | 2500 < ST | 4000 < ST | 5500 < SI | 7000 < S7
= <
SE1 SE=0 0 < 000 | = 2500 | < 4000 | < 5500 | < 7000 | = ss00 | 500 <5
Not Very . . . .
class . . Marginal Moderate Medium Good High Very high
suitable marginal
R A5 AGS Ael] o 1A B leolth. olea BAS nEQlH ARy ¥

E ARE o|g3le] N x]@oﬂ/q olo]Z] AFE %]

B0 s BASIQIL 94, GBIFo| 7|25 Q)

S g Al Al S g s
Zolole). 229 T A5gte] EEE gels]
Sla) sl2Eawe AMsit Ee A
Hw gt Bxe) BAL vwsp] 3 £
HAEE YElE = (skewness, S)E AASFA
t}h == ohea} o] AA =t Doane and Seward,
2011):

),II

_ H(sr-sp?
" H(s— S (Fa-2)
of71H sr= 22k Al 2] TR 2
A3k A)gglolw, S s1e] aglolh. 9jwrt of
Srolul o] Fepghar) A7 Rl gmOR A9
A mep o

ol AT BB Skewed igh))

Paddy Rice
M Cultivaled area
O Uncultivated area

Fig. 1. Cultivated areas of paddy rice in North Korea.
Data were downloaded from Global Agro-Ecological
Zones (GAEZ) Data Portal.

A%a@q
AT 4=71E 2R A 217 9] 90%S =3
o}— A A5ghe AAAE B gla A
oz AAsiink AuiAA o] JARE A5k §
o 7R BRHRE A7} 71T AR FIHE eXE
Qlaf WAy = Q= we AASkE Wales F4
£ S dlE Sol, A e A9
2 dgont ARY 715Akme] 33t st Hot
s A Ho] 2%t A E4de Wgsh] o o
°‘E} E3h GBIFO] =5 91#] Atz 227} Sl&
4= Qlr} o]a{zﬂ- A Ago] B2 ol Ag:
AJ=gke] 0 = Qlek AEiAAE 2 v
A 7]6‘}_7—]0] x%sLs} R FEL L A5)e] ThE3F|
el ZAF Al 2ol A A A5=7F 002 vEhd
AdES AlYstar dAREES AXTsH:

Blo] QiR o] mAlste] Auishs B A9
st m Aol A el SRS SO &
H317) Sl B AAE 2R Qe EA] EAA A
QJBIHTHFAO and WFP, 2013). E35t 2H=0] ZHlE]

I T T T T T 1 . gu};ﬂ‘

INoncropland
M Cropland

Fig. 2. Cropland in North Korea. Data were prepared
using Moderate Resolution Imaging Spectroradiometer
(MODIS) International Geosphere-Biosphere Programme
(IGBP) product.
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I Qe AAAE tder gAke) AdES 24819
c | Zuf oiof] oigt F7+ A= GAEZ Data Portal
o AT B S ARE o]kl (httpsigacz.
fao.org/; accessed on 12/27/2021), =t(wetland rice)
o] sigol 715H A9 W AR 7S ATkFig.
1). ZZA| Z}HE+= Moderate Resolution Imaging
Spectroradiometer (MODIS) 2]
Geosphere-Biosphere Programme (IGBP) EX]o]&
Zt&(Loveland and Belward, 1997)& 33t &
(https://Ipdaac.usgs.gov/; accessed on 1/8/2021), 2=
A A(cropland) 2 E5E AAARS ol $atr)
(Fig. 2). %2 AR BFE A4 5 vjo) 2kgo)
091 ZASL ko QA 285k A=A
£ sl

International

23. THHZIX] OIEZte] Hlm

S19] A =5 Hrlstr] 9J8) Kim er al.(2015)0]
B Bko] Aol ohEzia A WA 2%
oF s7e] QARgto R FEEl AAA] WA sl
th. Kim et al.(2015)0] 2113}t oj27kx0] Aufjuale:
olgsto] = WA W g R4, ANSATKFig. 3).
B3k U =9 7 A WRLS FEs} 5%
W S, BRI 27%, AT} 1% L HE
o1tk Al o] 2,000 ha olA}R] & WA, &7,
A, DY, A I 5 g ool 9%
o, @dE ANE ZETh Fa 22 A
Q P, TAE, A oo, Hokmel ekt
= ZEe] AR PolME AR o277} 4

v
- Ryanggang {
o ( r _
< Chagangdo < /J_/ .
| 7 p

o ‘L‘L Hamgyong-namdo S B

Pyongan-bukte ¢

4
4

¢ Pyongan-namdo’;
’s y -
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Hwanghae-namdo—— —-

Fig. 3. Cultivated area of potato by provinces
reported by Kim et al.(2015).
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o714 Esty'= = Po] AIAA] 2L Lo,
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NS,
Bstp=Ap « — (Eq. 4)
P

o714 NSy 9k Ni= 22} PO] A Aix|e} %) 2
A geolth. Arte S Eo] A WAS Lepdtk
Tzl w2 715 AGE A4gkel S} Shel o
S YAGS Fgstol, 2z AEA B Esr 3}
Estir® AAFSHL o] 258 S5 o) AujaA) ul&el
RAT} RAyE 22 Astect

APAIRE B2 ol H 7] A At A A
WiEe wlwsty] glal, Aol B el A
WA Wale] HES BAskck o] s 2 s
o At AR 74K WRR TR AR G
SGIEKTable 4). 2} WF8E A2l B2 o]
ulasts] g1l 54 2 ol AAA) W Bt o
&7t o] Atk

NS,
BEst,=A, * N‘ (Eq. 5)
c
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3.1, XHHY =X P&

ol e} o2 A YERtchFig. 4). ARe] SRS
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Table 4. Counties classified by potato acreage reported by Kim et al.(2015)

Cultivated area (ha)

Province

Counties

greater than 2,000

Ryanggang-do

Bochon, Unhung, Phungso, Kimhyongwon, Samsu, Tachongdan

Hamgyong-namdo

Jangjin

between 1,000 and
2,000

Ryanggang-do

Baekam, Kapsan

Hamgyong-namdo Bujon
Hamgyong-bukto Yonsa
Chagang-do Rangrim

between 500 and 1,000

Ryanggang-do

Kimjongsuk, Samjiyon

Hamgyong-bukto

Rajin, Musan

less than 500

Pyongan-namdo Daenghung
Ryanggang-do Hyesan
Hamgyong-namdo Hochon

Hamgyong-bukto

Orang, Hoiryong, Sonbong

Chagang-do

Usi, Songwon, Songgan, Huichon, Tongsin, Ryongrim

Pyongan-namdo

Sinyang, Yangdok, Nyongwon

Pyongan-bukto

Unsan, Changsong, Tongchang, Byokdong

Kangwon-do

Kumgangsan, Hoiyang, Sepo, Bopdong

5 7HH g S0l
A2 AE7} et
HEg 7

5 Az B Sigke

SI; B39 9= 03302
O} SIyo] A=l -0.622 HA
oledt BmALe] Holo|E BYEIL  zole

3.2. XHHHZEIX|2|

53 Aol A
o QA AEskS

Tolx Ho

Ao R H7E AR oFe

), =il

13333 opdolgls w a2k wre Z74°ﬂ*1 g2 27lo] uis) Ao Yo
Al F3x o] 90%7} EFFE Q)T Hj 227} 24 AhFig. 5). B3t AAQ) Est gk
Estp3tke] 1913}10d o, B3lo] 7kA} ALR]Q oFt
oflM= Estgkol Estygke] 2.68 Atk Esn gk ==
3500 [ | | | | Il
@ b (b) | l AL
3000 - b Lo ] 1 1 i
[l | | | | Il
[l | | | | Il
w04 11| 0
[l |
? 2000 - i i i .
N I \
o 1 I
L 1500 o } 8
- i |
1000 ~ i } 1
| | | I Il
[ |
500 1 i 1 ]
ik ‘ H—\—H_H—F
0 ! | \‘ I I ! 1 I } !
2000 4000 6000 8000 10000 2000 4000 6000 8000 10000

Suitability Index (SI)

Fig. 4. Histogram of climate suitability index for potatoes derived under (a) low and
(b) high input management conditions using the GAEZ model. Dashed lines represent
cumulative probability density at 10, 25, 50, and 75% percentiles, respectively.
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ooT ;‘.”3@::‘ S, mm

O Unsuitable area
bl M Suitable area

Fig. 5. Suitable areas of potato under (a) low and (b) high input management
conditions in North Korea. No rice was assumed to be grown in these areas.
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ol, RAZkO] ST%01SIE A=l A% RAI RAE
o] Zkz} 48.8%9} 32.1%0)%ick. WA A
ulgo] 3R SHAEAAE RAZN2T.6%) RAxTL
(26.1%)°]) Bl3) RAGE *ol7h Ak Tk xjofol
N Apefzzio] whet olejst Aol trehie). dlg
Sol, AL RALO] ]3] R4 Flo] ZHgkoit
(3.9%), RAGEE o]k B 2he gH0.0%)0] ol

140

[ Ryanggang-do M Hamgyong-do [ Hwanghae-do
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20 A
A " FA,

Fig. 6. Percentage of cultivated (RAo) and suitable
area of potato under low (RA4;) and high (RAy) input
management conditions by province in North
Korea.
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Fig. 7. The distribution of suitable area for potato production by county under
(a) low input and (b) high input management conditions.
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ok =l RASF RAuFto] ZH7h 14.9% W
31.3%2 A E|o] AEe] 2olA R4, Ae)H)
o2 GARE gho] ofirt.

Al T2 rRE 7z} xHuHx%x] Hzo] Hy=
sjelsh Ak, Fzo] Lhe ujo] AujiA) W
2ot BuE Au] WA el dxjske Fako] ol
thFig. 7). Est;3S o7 2as Aujezl Bk 7-10
o) Sezolglont, Al ATEs} 2 = e
219 WA =G JA| 2 Ao R YET B, F
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