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Multi-temporal Satellite Images and Relationship
between Naked Barley Yield and Climate Data#*
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Abstract : The purpose of this study is to examine the effectiveness of satellite images in detecting the areas
of naked barley production in the South Jeolla Province. We also investigated the effect of climate change on
the crop production through comparative analysis of naked barley production area and production statistics with
climate data at multi-temporal time scale. The analysis found that the classification of naked barley fields extracted
through satellite image and made as the number of naked barley cultivation areas did not exceed 10 percent of
the statistical data. Climate data analysis showed that the greatest influence on the productivity of naked barley
was the average temperature of the ripening stage and the impact of rainfall was relatively minimal. Taken together,
these results suggested that changes in the yield of naked barley are occurring due to changes in temperature
and precipitation in the study area. Therefore, it is believed that this research could serve as a key basis for
solving food security issues due to climate change.

Key Words : Naked barley, Climate data, Climate change, Satellite image, Unsupervised classification

OH o e

A= 20179 il aSHe) S A T A ehS whob 4= A (NRF-201651A3A2924243),
ok x| 2|skat AR (Master Student, Department of Geography, Kongju National University, tagyuk22@smail kongju.ac. kr)
EHE,'E

el

A 2]ska} w4(Professor, Department of Geography, Kongju National University, gisrs@kongju.ac.kr)

-129-



45is - Y5
I A&
715usks AA Aibac] o] B Fa gl
oA 7|5BtR QIFt 718 A, SR AR, B

Bz A 2
5, e s,

&4 SOl AFEEE A

Eoforsl, A w2 ek
Aol SRS vl = qloh
7| SRS H Akt Aol miAlE Gkl A
Sheof weh A ARTEA T AR i3l At
T S7/HE AR AYHEEHFAO, 2016).
IPCC(Intergovernmental Panel on Climate Change) 5
7 7} Aol we, 7|ske] ofgko 2 20309
3 A Aliego] WRle] Atk o sk, 1
olF ol B F45] Zol5 Aoz Asia, o]
de) Q17571 o Al 40t A|&H o Z)5)
o A AIA B A9 e] A bE7E Tt B AS W
Ao o S3IATHIPCC, 2014). whebA] 7] Hato] wh
& AT olSskaL ofof| gt in] ek nhl
3o sh= Altha] 8171 AR ol wieh B A57F Al
ok 7ot
Al2Ee] AfuE A

(e}
RS

s

of thgt 571
7170 HARE 3
2008), W3t Al -
olsfo] AlFAlE
dlof] FatAolrt,

B ARE B8 EXol8 L, AETEE 5
O] FA|= A LATAY] Egrof F Eis| AT
7} XY=z Eofel| sfgich FYE Aot 7+
=l dialiME AFH el ukE AEdE EX|T]E]
3L 20 AR STl THE AR T EEEA
S & Qlste] A9 ALANE mE&l7] % ok
g ATEe] Huf - oFog AYPE| Gk

U A7) A HES - FERQ012)2 v 71%
Slof| thulste] s PBALEE oSS Q19 HAHA] HR
gHsl7] 9fsl RapidEye 919742 H3HRE &
sto] ARG BEXTEES ARsiglon, FHold
2013)-& COSMO-Skymed AN o]8-5lo] o] A&
A7) 9 EoFaeE dh HiSE RUE RS, G4l
S FHARMAISE A Ao E8sto] U A

ofd [

b

A

23]

e

¢

ofo

off

=

4
L

-130-

= 74 7S EAERTh e 52014 92
Lhehe] Al EQPd ol tinjsty] flste] 8 I
FYU= e BT AFEE Al gt A7)
o]al A2l myE o] Basirial si¢ick ol
o = SAFE A F8 HE St T2
oz ofg] AR, M FE Bk,
S HEFY ARE 83 FAREHS
MODIS $J4JAI&2} PRISM 7| 3ALRE 0|85
HAEFE FHstgieh o gl 520142 A=
B3 AU e AILEY] B Wk AlAEH
st G, Tt Ao &g ot It 5
= ST ANHAQl AEUE Y ALES wofshe A
A= ST A - 522015
9] A|eo] ATEEAL B4 S48 Lande,
ALglo] Sl U EAjulE S4)
NDVI(Normulized Difference Vegetation Index, 4143
A, AR 2= 5o AP EAsHTh
=] ALY] - Brown er a/(2012)2 7] 5Ri3}, <l
T57F Alse] Hel 52 A 79 S el
2 gofsiglon], oY/ o183t Al 201 <t
AA F8 3 Ao 9] stetnle Weks 45t
AT}, Tsegaye er al (2015) MODIS 4] NDVI A=
o} 75 HlolEE ol§slo] FUES FAeL, %
uler RYS ol galo] Fubtkage) wislel ofel 2o}
of Al ARRle] T dhsto] E4slsict. of
gho]] Onur and Suha(2016)+= Landsat YA FAMT} 2HE
AR EEZA|E=E EU|&E MIR(Multi Linear Regression)
T} SLR(Stepwise Linear Regression) 2] of|&HdS- o]
sto] Bl7|ER0] A|F3f Aeke] W, S, F3fe] Atk
T Tk, BF gk AR o] ofwjh gk
& 7IA=A A8
Z|EATES A, A4 Aol AT E S
o3t EA|u| 5 el oA, AR, B
5, S 5 A=Y AsA]l 9%
7HA] ookt
FAEEo] B

A5 @ (naked

o

R
ox

2

st

A=
o

o

H=
T
2AES olga FRH 24
Aol £ A7 o
AfeE 02 AT )
barley)ol| Tsto] SHFAHE ol
A} gtk o) Fa Ao A
gl Qo141 $19 e 3 o

21490 A
[ee} o o2 o .
5 A2 A A of) QlojA m|o] H]ste] ALE] - 7

il

|

i
>

¢
d

1=

L

oX R
(B
=)

Al
=

=
of g

t

=5



HSAP| dEYE 018 HE2| MK 2F & izt 7

SxlE 7t BIARA

AA 2Rle] Jeks wWol Hh= 2| gt & SRS 71 o8 A e]o] Aatkeko] FRtskal Qlct
Ao A - AAIE 291 wiAskaL 7] A2 e} wheha] AR e 87|17k Bt 2wt gk EAISH
dwd BH | YAk FARMR 71| Blal 248 Fo) o] Mg Are] ik ojmgh 71%‘?A7} FF
of A Aol A ] Aulol] ojwFt 71 F a7t < AR B4kt skl
7P 2 43S vA=A B4
2, SR U AjBRIR
I A9, A 9 ARexia eYEe o8 dHA e A P
of Hjsl P NG9S AZT = 9low, Rl
A N dlofe] 7he] didS AlEstERE x|3e] Aot 2|3
Hste] EAES lofels At aatdoltt, 3] &
ApR|HL Mapdwel 227 A - 3 2 AlEfetef| 9l HEopoll A S FrIH o AuE 5T
ol 9= Al - 2 ALIg 157) Al - Lolﬁk AT UL FHLIRE X2 JHE A5 A& = Q7] o
A FFFAA, R, T8, T, A, e, ol %*é%‘%% o183t FEL ¥ FHATE T
USRA), B, B, = HA), oAl et A Hopoll ] ElstA o]FojA|aL Qirt.
o, g, Skewtel] aligsh, ArA o] AeA FHa i ‘%"Loﬂ/HL A7) S 7Hhe R B
126" 21" 41"E ~ 127° 47 12"E, 34° 11’ 28'N ~ 35° 28’ ERE AAEtY A7A99] Au e AuiHde g2
55"Nej| SFse 1Y 1). gon, QT Aol depd® A - o Y] AH e
Aepgdes A sjgste] H=t Ale FollA AR FAR R O] vlaL - HE-E Bt AREE
ARElE 7 wo] Aakshs o] AT, 2000 T vl AlRFAHES] RS FA|She dlofl SlofAl

127‘I30'E

35°0'N
h
i
Vol <
T
350N

.‘s’ o« f g;ﬁ-f ot o
Lsd g Ay ¥
5 l | —~ . -
H-q-?; 1}::;‘%: '35‘“5 ‘{:} 5
" E o
AT
2 L 20 40
e = —|
Kilometers
127"30‘E
b - I T N

* ArcGIS 10,1 E-g3te] "7} 2 JA.

-131-



nsg
gl
+
ol
il
fol

J

CIEAI7|
QNG B S22 24
(Landsat 5~8)
J
t=(Paddy)2 0I&
St Masking e 3| A _ -
T Az 2z || FHETE
Isodat
!
ZHH%EJ—%% | ez 2= SHAZ AZIRE [ SH Rold A
! I}
QA A o HHE2| Mt S
s84 28 UEES L Diaesizeel 2
I3 2 dpsss
SRS F oA AESIT) E3L Az 8 atolet. ool g8 Sl dAel B Wl At
Il wne) Ak BARlE) ZEAE ) v dExdde] gREs %A}ﬂ«b G HAstgom,
A S5t 715 st 2 Afule] 37hA He, A TN ol L olojRol= oA At wiA
Algk Sof| o]i kS m|R| =] BTt A= o (Image color matching) IgollA] WA= QA& X4
Lo oz SYStkY 2. a3t7] §15te] 2 el Ascene) & AL A1
Al & E9]e] AA U Figahs AR ol diate] $1dd4Fe] Path/RowghS 115/360]c}, TG o]
AR o] 28 = A S g o ® HAs) AR E =2 o8t JEE FEjE A=) wioll
7] SJEIM e ZSArE GARS B85l Zlo] EZ o) A71E 91 9/de] A K(Scene) 5 =0 Bdsh= #
. Al - = ] EXuEEA]of AT GAS ol Bohe &5t QHERE AAsk o] ZAelA
P o sAlE & olsle] Baela Azt vl B = 737 GIS DBE A== E8slo] 1= HAS 225
FATe] o] "o, uFE S 0|83l 3tle). = 77 GIs DBE 73504 20131e] 153t
H BERASEE A YRRl dARbR o] gl TER EAEE 8 F =0 gt 9S24

A7) ol I A2l F gabrzte] g Aeitk= who]

AUtk 2 AtollA= AR gt ol 28
= -Er@l% oYl 7] witol 30mx30m FHIES
7HA]& Landsat GAFo] 714 & ubalolatal wosiict

Landsat $A-& w3} Z=(NASA: National Aeronautics
and Space Administration)©] 19721 6 ERTS-1(Landsat-1)

o] A& A} B o]F 2| 27kA] L5l Q= A FAF
A A2 R, AR 7R 7R ZelA] A7
3} 240 AL 7131 sH= AES AU Qlukar

A HE, 2016), Teb B ATolAE A7 9
edAt B oa Landsat Q4G4 AR S AREELY

oW, Landsat 5, 7, SAHRE 7|HIO R JAEEE A)2]

-132-

stgon, oF 7|Hho g nEad HaXe] 71yl 3
EEBF(HL-EH, Maximum Likelihood Classification)
ol gatol A7 ShaAtelA ol el

A FESSICL, 72 258 = oAeh el
/})]—-.—-l-r-‘; H]f‘ maE=

shtel FeAH TEolFE
Organizing Data Analysis) @12]& 7|1k
7IHE AEIGS

Qo) sue) AMAE FEsiac £28 g )
Al ohe e) AR FAARo) v]E Folol
Hoheg Agels) o)2 slvhoz awe) A
of gAjol qlold NG| BEAS HESII

[ e} o o=

Isodata(lteratlve Self
nztERa
, 02 =3 1987, 2000, 2009, 2017



CHEAIZ| fI4EdE 0
H 1. 70 M8 AESY AZ| & M
A9 AlA Path/Row g
Landsat 5 ™ 115/36 1987-04-27
Landsat 7 ETM+ 115/36 2000-04-06
Landsat 5 ™ 115/36 2009-04-07
Landsat 8 OLI 115/36 2017-04-29
SR Al el ol 5ol A, o)
so] el 109 W19 27 5Este] of5a Y
-6 Zofl SBRS B}, weba] Wuiele] Aol §ol
3 499 S1HFYE AYstol TS WS A

[e]
AF2-1987, 2000, 2009, 2017 Landsat GAFo]H,

914
7 A71e] S 315 B 9 AIRe B 13 ek

cheom, slgslel ofg e AN wslE 4
Sroz wolely] gl AAele] A, 4
wel WAl BANE 75 SHHOR MAshiol
sk webd 2 elols 19504 Fv-EA
oF 304 5<te] BAToIElE PESTE. 2t Al 2
AR Bestol AR A ARE PEIIYC
v, A7) T AREA0) B e BEstel Y

T e =0

1, -4 3 5l B9
1. Sl BRE S6tAER| IHiXIY &=
3 ATl U] 41719 Landsar GAHS Hto] =
AEEF 7182 Isodata 7]H-S F3 AE 9] Al

fm
o 2EslolT JHERE S ne Al 7
l

=
X
=

o
M
o

oo™ IT= © L
A= = A gat A Qx| eel = 712 Halg A
45to] ARt HA| EFFdY kg 4,796%
5,557 2dlo|m, Eiof| ARgE gAfo] WAl oF 140,059ha
oJck

BEANE AuEy A3 ARe 9
1987'A9]| 43,522ha, 20001 15,793ha, 20091d9] 5,149ha,
20179 4,980 EREJTHIH 3). IS o]
83 A T ey ERaael A7AHe] sAAE
£ vwdt ks 1 20t Zon A2 AR A
Holr},

198799 -9 oF 143ha 71oF T4 E.0m, 2000

AAFEH R 0.

[ JR WA ey [

-133-

|&et A= MHix| 27

S U MM 7 |EAIR 2 AR
ol oF 119ha TRFA F9lek. 2009EefE OF 96ha
7F B =9lom, 2017 ol oF 128ha7} TS
w)oitt, WA o R oF 120ha 71EFe] @7t UERGA|
T ol digdE FARES FEshed Haetyd
e} 7 Aol At oS FARRE 1A A7
o] B, FAAR FEolA O] 2.5 7]
o dgtE AAHor FAARS vlast
Lakgo] 10%E EA %3k7] wizol vl el
F7h o] FoiFlhal skt

AR

2, AAa| HSiol 7 [2XlE B4

2| YRS o] Q150 5] A 1
FoAE 7|98 e AEe] A% v WHstel &
ol A G vck S AuE 44717
SolAl 42t 3 1] olafe] ofelgo] ] ujie] 7]
Apish 5 9 7 ptslol wE A A, B b
o] o]0l Aok LKL 5, 2016). T & A1
oA HGe] Mue] Aa et BlL, %
g Wt BlIEAS B8 72 B4 5o 71
f47} mae] A ojut o
stk

71ab A2 Aee] B2 WS, WA, A
of ojuldt g2 mlX|LA stersy] gIs) AFAe)
W] A SARES QAL W 7 AR o) A
FNE, WP4AARE 7O BmEA

SEO.
=

et
Shs

X

F=A

=3t 9

4 Aot B5e) 47t 2 711 21
A7) Aol T 7k sooil ool SRk EES 5,

2010). ¥ Aol Z8H 7| FA R AFA o] sigst
© A 7VRESA FolA sodHFE AR 7R A

27k HA5o] Qi /BELE AFson, 33,
SR, o, 1, 452 7] REATE ool S

gt o] Fol A= 80~00dt) EAS} F&ER A3
Ejo] Ex|u|H0o] g2 Wy} WA FA o, W&o

FA| o) Blfgste] Are] UF7] 59k Fet7]o0]
o2 Aot A9, B G Wot A
H gHat7|o] o2 AR} g2 oA sgs)
= Al 29 #5 AR s Pt A7 Mkl

AR 0] dre] ik FAARE: 2 Al 29§

1EO A%

A L'



T
rd

127°30°€ 127°30€
Q
"
= S =
o4 z o § z
o i Lo in & Ls
L in o i in
2 2
¥
2
¥ S A
= \ <
Legend Legend
[] =(Paddy) 0 25 50 [ ]+=(Paddy) 0 25 50
I e—
I ‘2 52| (Barley) Kilometers I ‘2 2.2|(Barley) Kilometers
12730 12730
(a) 1987 (b) 2000
127°30€ 127°30°
\
= z
ol = o z
2 L5 4 15
- = - 2
G‘."
Legend Legend
[ ]+=(Paddy) 0 25 50 []=(Paddy) 0 25 50
 e—
[ 2 52| (Barley) Kilometers I 25 2| (Barley) Kilometers
12730 12730
(c) 2009 (d) 20174

O3 3. Al7|E WHE| MHX|Y £= 2o}
* ArcGIS 10,12 &8sl 21E &

H 2 43d 2F Zuet SARKz 2te| vl

A= A S9N BT Fiio) B e AEE EARE () O(AT;] %j;zojlﬁl
1987 3522 13,665 143 03
2000 15,793 15912 -119 0.75
2009 5,149 5,245 96 1.83
2017 4,980 4852 128 2.64
AQR ARE AMSEEom 1985~2017 9] BfEoh= Aol ArgsRth. AAES713E F 11~1280 sidst=
33 =S FAol ARSI 7Sk A9 A ARE 7] AR Z8siion, 129 AR, 3~4

He|o] AAYE7IZbe aEst] 1169 7I$ARE 4, 5-64 ARE 47 de7], A7), 57 A==

S

-134-



HSAP| Y

2 0l8¢et

AE| MRl 2F o dMED 1A= 2t

B 3, 24U ALa| HHMSA7| 2t 7|2, ZE Het
Ao B <2 ojg
Az Btz g Bt g Bat7]& =
(©) (mm) (@) (mm) () (mm)
1985~2004 9.5 609.0 8.4 660.0 10.4 728.9
1998~2017 10.0 564.8 8.6 630.1 10.6 684.4
Haks 0.5 442 0.2 299 0.2 -44.5
p-value 0.055 0.259 0.39%4 0.478 0.439 0.340
* FYeE 00 1(FEEA).

Aol YH 7lexRe] B
447, Z3710] hsle 9
o+ 71259 BHe , Do) A
o= s A ArgeE doto] E4o ARSI
a, TpA} dfe] 7] msie} Zsepsiol] upe & A
AR BISkE #4817 fel 339 SAAEE T 71X
(1985~20044, 1998~2017W) o0& JLHS}o] EAJ5- X1

A ST

-
2hid
<t
4
o >~
~
N
ol
£y
U
1o
o
-
)
ftlo
Shs
1%
&

M

N

fo

1o

o,

3

)

T

i

i

ox

of

S

b)

o

i)

N

3

o
~N 1o
2 ol £
)

oX
Ho
N
)
e
hu
>
i)
o
[
ofd
N
~N
o
r.l
NI
B
oX, oX

o
o 2

2
>

litl.gwaOI

=
)
=2
)
:?L
)
i—";
ox
Ho w
N
r\l
B
o,
EN]
N
r
rlo
o
Vy
@)
i Ho

O
-

N
(e
@)

=
e
T

71, %5%7], *3%71 |
o] 7}I& & AL del
A7 i SISO, 100
7}, 5710l 7.1mm

Yo

stsl A% AR
7)o 12.5mm 5
}7]0ll= 13.6mm 7} ]
o= 52.3mm %ﬁ\_j g ol3t 2= 9Joir}.
ol 7]”3”(5 of| H]a xﬂzﬂi\u07]7}4
Bet7] &L 0.2C P%'E?P%iﬂﬂ, Tor
ST %5%71

0.3°C A5t A

o>'l :10

7Io=

)
m{o

)

AVYE717E 44.5mm FaxsH o, FH7]o= 14.8mm
57k gE710l= 0.5mm s, 7ol 12.5mm 5
7} B700ls 714mm Ag AL Eeldt 4= gt

oI5 7|HEe 2 T A7] Ztoll Bt7|L, 7] ¥t
of Zfol7} A=Al AT 8l v S o187 o
ZE}X—IO Al/\]o}oﬂocq 1 7:1_1,]__1; T 3_7_]_ EE]'

AAYESA7|(11~69) 8] B7]-29] S Mo
2 frofRt Ap7E UehgA] ool 35 Htro
o9t F-2JE 10%0ll A = A7) ZF Bt 7|20 W3t
of thall SAHCRE Folgt AuE HolFal Qlof,
A7) 2b Bet7)20) Wt Ql2S aeldd 4= qlqlh
e Afol= frolgt FAd At
LERA] oFghey.

A S 710014 At 8 5= Al7jof] ohs 4 3
71, ] HekE AuiEr) 98 ol A4
Astgon 1 Ayk= 3 4, 5, 63 2t} 3]
FH7], EE71, A70M = SAIA Frelde] Ukt
A eekol), 55710k Bat7 |2, Aol it pvalue
710,000, 0,1000.2 ArEE|o] 22t 042 1%, 2=
z 10%01W SAHCE Fofgt At Vel 59

57| Bat7l oA oo 1olA frelde] ver
‘*71 ool 55719 Bt7|e Wbk dofutEs o
ASIEt

A AL B nRIRE S17], 957, A%
71olM= AR ool vehdA] okkeu, 5471
HiF7|0) 3k p-valueZ} 000302 AMZE|o] §ol4=
& 1004 AR Fo3t Auprh UreR:

L ox |

it

Zu}A o

B

olgk 4=
=

0]Z=0] Aoo|w &1 ‘,;ﬂ%ﬂ, J710l= FAA
frolAel L grgkon, 547 Bl ot

pvalueZ} 0,0072 AFE|o] TJ = 1% A AL

= §olg Ak e

-135-



uisi NES
B 4, ZF BEA M MSAY| 20| 712, 24 Hst
T F
A GH7)(11~129) 4%7)129) A7) (3-49) 5271569
= Bz A 7l A BH7l A Bi7| A
(C) (mm) (0) (mm) (0 (mm) (0) (mm)
1985~2004 6.1 83.4 17 87.0 10.1 14,2 20.2 294.4
1998~2017 6.4 93.2 2.0 79.9 10,6 147.3 20,9 244.5
H3ls 0.3 9.8 0.3 7.1 0.5 3.1 0.7+ -50.0*
p-value 0.409 0.555 0.395 0.599 0.149 0.867 0.000 0.100
RO w0 I(FEAR).
= FOl5E: a=0.0U(FEHA).
B 5 28 A MR MSAY| 20| 712, 24 Hst
T F
A4 L 27)(11~12%) 2=7)(1-29) 27)(3~48) 52716~69)
= Bt7|& A B A Bt7 & A H7 & A
Q) (mm) (0 (mm) €0 (mm) (0 (mm)
1985~2004 4.6 7.1 0.7 79.1 9.2 159.7 19.2 346.1
1998~2017 4.7 87.6 0.9 75.4 9.2 173.3 19.6 293.8
wsle 0.1 125 0.3 3.6 0.1 13.6 0.4" 52,3
p-value 0.671 0.458 0.501 0.813 0.905 0,518 0.003 0.148
* GOl a=0.01(FZAEA).
B 6. i BHEA NE MISAD| 2te] 7|2, d4F Wt
T F
A GH7)(11~129) 4%7)129) A7) (3-49) 52716569
= Bz A 7l A Bi7 A P72 A
(C) (mm) (0) (mm) (0 (mm) (0) (mm)
1985~2004 8.2 65.9 3.4 713 10.7 1981 19.2 393.6
19982017 82 80.7 3.6 70.8 10.9 210.6 19.6 3223
H3le 0.0 14.8 0.2 0.5 0.2 125 0.3 71.4
pvalue 0.895 0.517 0.675 0.974 0.542 0.606 0.007 0.112
* GO5E a=0.0UFSEA).
A Tl AT AL
150,000 40
120,000 . 2; - —
90,000 § 25 =t o t=mm e e
F 20
i & s OO
30,000
o MAHNAMAMLL R LI R e 00 oo ALANNNN LA NNRRRII AN
85" 87' 89' 91' 93' 95' 97' 99' 01' 03' 05' 07' 09" 11' 13' 15’ 85' 87' 89' 91' 93' 95' 97' 99' 01' 03' 05' 07' 09' 11' 13' 15'
& & (Year) Q= (Year)
03 4. APX| MR WA, ety Mk

-136-



CHEAIZ| 4SS 0128t HE2| MK 27 2 M 712Xtz 28 2AEH
RRI| 2|2
2.0
.
80 S
5) 7.0 :—‘:_., '_'_Q.. | -3
& 60 _L_g,";#,‘ - ¥
il so 1Y S ¥ hd i ¥ g_]
40
30 T T T T T T T T
85' 87 89" 91' 93' 95' 97' 99' 01' 03' 05' 07' 09' 11' 13’ 15' 17' 0 85'87" 89' 91' 93' 95' 97' 99' 01' 03' 05' 07' 09' 11' 13' 15" 17"
A & (Year) A & (Year)
dg718a712 ss71 83712
130 210
120 X s .. 205
b d i;:g _‘__:—g—‘_v b4 ..v L A"_?_-?—‘ v 200
= 90 (T %4 ot = « E 195 -
o1 80 . \/ ul 150 .
70 -+ .
60 185
50 T T 180 T T T
85' 87' 89' 91' 93' 95' 97' 99' 01' 03' 05' 07' 09' 11' 13' 15' 17" 85' 87' 89' 91' 93' 95' 97’ 99' 01' 03' 05' 07’ 09' 11' 13’ 15' 17"
H = (Year) H T (Year)
287 24Y ST ¥4
250 250
200 200
E 150 R E 150
F oo & 100 ] I
i 100 o __’_’n _F_J_ & 100 -
so Ml H H HH 50 —{H (- H
o R PR 8 T A
85' 87' 89' 91' 93' 95' 97' 99' 01' 03' 05' 07' 09' 11' 13' 15' 17' 85' 87' 89' 91' 93' 95' 97' 99' 01' 03' 05' 07' 09' 11' 13' 15' 17
A = (Year) X T (Year)
47 2=E 57128
350 1,000
300 = 200
250 -
E. 200 I || = E 600
S'J 150 ¥ FTHH - — g_] 400 0
= IR AL = oot ATt
o A IR o JINAN (EERCERRR AR
85' 87' 89' 91' 93' 95' 97° 99' 01' 03' 05' 07 09" 11' 13’ 15 17" 85' 87' 89' 91' 93' 95' 97" 99 01' 03' 05' 07’ 09' 11' 13' 15’ 17'
A (Year) A = (Year)
a8 5, oivxiole] MR M7 HRYI2, 24 wat
AR T AT o AR AnE AuE TI9 4, 55 A 339 F9F AR oo AE e YAtk
W, 7o} AAE MlEele o el Hlslo] A 3 e Ak A 87|70 Bl 44
712.0) wislol tig frol4e] FEeiAch B8 mE B o] Wk Uehd ehtole). A5 eme) 4
aoflA] 557] Fatz)=o] et feldol vl 7t 537 AS5a B5 e HatS Froto] AAselnh o
A Hepstch TA ol A RO PAkErE sodt] SHF RS A

-137-



=13
=1

A =
= HAESS

@

B

SAe7} o0 b
chxquy RIALEES] A 90
sk gl FAlolch

%5'-71, 471, 4871 %

s}

-
L
(KN

L

FAlolek. shAlgt g
Zo|) shAlet %7

=
L
.

P
A

#7129
o 54 BRN2L
SjFo] yepton, 53 2000t &
o) 5%7] Bat7|eo] A4E 1 9]
A Q= A zL
], gl
v, B47), 5
o] thekst.
o)Akl A g] APA
A7 ol A= Ak
@70l et
o] the A5A719 Hl
A 55719 Hat7le A EEH g ol
P S Alolea wekEn) Aewke] A f1
7], 8710l % 57}1*11 47 1 sw7lole &%
Hax FAE HolAk, $A A= 7+ FAA 414
S8 HS o foldol =4 u-% | A 309
Qb T AEE] YAt F G WIXA| A9kE
= ey oA AR 715 XPE«I ]
Hep o FHA o ddte] Hoks uf 57
/HX)—7] 7]_] .1:]-7.]-7]
[ex]

[e]

Z] ;q] )|

Qs

y Wl

1k A

0

].

.]

Ao vepvie) et

3!

i

)
=

=

|

-

¢

I
M of

l‘
o T-

lo

T AX
44

Zi

, 587
&, A oM AR A

TS AL | Fast 54719 3

)

A3l 14 2

1o
53

L

ﬂir'
::’

23

)

_I

st Al A4S EAA
o FYHOR Wrieknt

-138-

At ERE 53 AR ARy & A
1987\d0]| 43,522ha, 20001°]| 15,793ha, 200919]| 5,14%ha,

20170l 4,980ha7} &= %o FAXE tiH] 24}
£0] 10%E 9A] G97] w2l vlas] Fet E5771
o FoffrtaL weterh

7|15} 2 Aple] £114 M, ke Sl of
fﬂﬂ 0“‘%% VA=A wefslr] e A o] Ak
FE =, o 71*541 oA
&, WAt vl AE et
, 7ok AAe] 7] Hetel ool
Al HiskE 24l Sis) 3319 BARES
I7J(1985 20044, 1998~2017d) 0.2 LE5lo] KA
5—],031;]_ 71 A3} Hr|eo] A Adtao g
, drEe) 7

Luo
E

fu e v

2

N

;HH}-;Q og 7

=~

(D
o

TR

~

o

ESS A

e
N e .EL

IS

_1

[e}fe)

FHOH 57‘“7(4 o8 {e
Al71e] gt —J*ég
2 UrolA fo4
gl 5Y, 699 Bt
Eail =
At 300] W Fet AR 9] AEe] AP 7)15
OJElE AAF R BS o AR galekd gEtehe
FAlolH, S HAT Al 22 £o g FIlsl=
FAjolt}, Hat7120] 3¢ HE AR ASA7] oA A
= FAP UEp o, 53] 557] W79 sl
FEgF oA AL 7132k E Y] §-o4] St
A SR wdel] Bks wf A ZF S
7192w FolAl ikt Aol 71 F FEke
U= 71%8ae 55719 Jﬂ%ﬂii ke,
o]/k}_,] criq_ﬁJ,]__ _-_61-0},04 E
st} Zpeege] Bt what %FEEH *M% Wzl o

)

ot

oLkl 9l BAT 4 Ugirk SR, Ml Wl
=] 48] - ZAA 2910] Sfslol AR F7o] G
2 W A2l S AR 201285 357}

el AES S XS A QA R
3l Sk el k2 Aelo] WolAwA] W] A)
M@ Elo] et vt glon, 018¥ol 7)Aol &
22 20004 0| 71 B A4S 7S sk A



I, 2018 79 2042p). O]Eﬁs_
Hejo] gt $te 7158 Mgk oz} o] Folo
A FAo] ot 74°lﬁbl s, 329 B 21E,
e 7]?‘8—L 4 71dAseke] A 2 BATke] B

45 njTofuo} &

o 6 A0l AN BET 5 9k AOR JldEch
—
kel 2 Ak 22 ol ok, 2014, “ 1A
3 NFARG oG UIFAR: ot 2| 58
2 @xg 715 A7 9(4), 315-329.
o] T4 oA Ao o8 Qo)A 2013, “COSMO-

SkyMed SAR AFS ol8%t W A% U, o
SFAATABIEIA], 15(2), 159-174.

AAG-AEE, 2015, “ThAA AESAE AL 0] A
B4 BAE 95 A2 Ano) 88, A2
3}5] %), 4(2), 231-240.

AL A, 2012, “FE2A EATEEEE oJ5t 2
A7 AR AT SRR, 154),
26-41

HP 258, 2016, “91Alel BAIE 1980WTY o] F
S A wA R SR, 50)
331-343.

odxn).s

2 7-1_,_. o]xl-/H tﬂ—o

& 2944, 2008, “SPOI/VEGETA -
TION NDVI X}EE o83} B3lx|o] AR 3} ek
TR e HekslA|, 11(2), 28-37.

]Xglé_- 00‘1_] T 711-]::3.@:/\404.—5—4%’ 2014, “%Agog/g—
< SEe A RUER AAR] AR A
tﬂfa% hAFalE] 7], 30(5), 641-650.

HE, 2007, “Hd F5 SljER| o9 7|2 3t
o2 v JA 5577 WSt B4, 71504, 2(1),
3-13.
2|38 a3 - 3 eAL, 2016, “A|IFE A Rl
ALE 917 oA HEd 7171 AR AR
W, sk efeka]A], 5(2), 107-119.

o

oX

A 25

21l 24 BHAL A - el w3 e AL
ol 213}, 2016, “CAbX| SollA] Hre]o] B% 2 45

o] Az} 7t Ws}” sh=2HES)S] %], 61(3), 171-183.
Brown, M.E., Beurs, K.M., and Marshall, M., 2012,

Global phenological response to climate change in

-139-

al
=

AHARZ

e eix] 25 o MM JISAiE 7 TR

crop areas using satellite remote sensing of

vegetation, humidity and temperature over 26

years, Remote Sensing of Environment, 126,
174-183.

FAO, 2016, The State of Food and Agriculture: Climate
Change, Agriculture and Food Security, Rome:
Food and Agriculture Organization of the United
Nations (http://www.fao.org/3/a-16030e.pdf).

IPCC, 2014, Climate Change 2014: Synthesis Report,
Geneva: IPCC (http://epic.awi.de/37530/1/TPCC_
AR5_SYR_Final.pdf).

Onur, S. and Suha, B, 2016, Crop yield prediction
under soil salinity using satellite derived vegetation
indices, Field Crops Research, 192, 134-143.

Tsegaye, T., Gabriel, B.S., Getachew, B., Teshome, R.

and Shimelis, B., 2015, Evaluating a satellite-based

>

seasonal evapotranspiration product and identifying
its relationship with other satellite-derived products
and crop yield: A case study for Ethiopia, Inter-
national Journal of Applied Earth Observation
and Geoinformation, 40, 39-54.

AT, 20189 79 209}, “Ha] YAk 9d who X
. 2dHEC} 38% E01”

WAl FFE, 32588, T A TR 56, T
ot QLEALSlastdist X|2jsk (olok gisse
kongju.ac.kr)

Correspondence : Dong-Ho Jang, 32588, 56 Gongju-

daehak-ro, Gongju-si, Chungcheongnam-do, Korea,
Departiment of Geography, College of Humanities
and Social Sciences, Kongju National University

(Email: gisrs@kongju.ac.kr)

E I 201868 7Y
AkjetEel 20184 6% 23
ETSpEel 20184 68 27Y



www.Kkci.go.kr



