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Characteristics of Soil Moisture Distributions at the Spatio-Temporal Scales Based
on the Land Surface Features Using MODIS Images
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Abstract

In this study, we analyzed the impacts of land surface characteristics on spatially and temporally distributed soil moisture values at the Yongdam and
Soyang-river dam watersheds in 2014 and 2015. The soil moisture, NDVI (Normalized Difference Vegetation Index) and temperature values at the
spatio-temporal scales were estimated using satellite-based MODIS (MODerate Resolution Imaging Spectroradiometer) products. Then the Pearson
correlations between soil moisture and land surface characteristics (NDVI, temperature and DEM-digital elevation model) were estimated and analyzed,
respectively. Overall, the monthly soil moisture values at the time step were highly influenced by the precipitation amounts. Also, the results showed that
the soil moisture has the strong correlation with DEM while the temperature was inversely correlated with the soil moisture. However the monthly
correlations between NDVI and soil moisture were highly varied along the time step. These findings indicated that water loss near the land surface are
highly occurred by soil and plant activities as evapotranspiration and infiltration during the no/less precipitation period. But the high precipitation
amounts reduce the impacts of land surface characteristics because of saturated condition of land surface. Thus these results demonstrated that soil
moisture values are highly correlated with land surface characteristics. Our findings can be useful for water resources/environmental management,
agricultural drought, etc.
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Fig. 1 Schematics of this study

30 * Journal of the Korean Society of Agricultural Engineers, 59(6), 2017, 11

. [z H AAE

B A Lof| A= Y AERAE MODIS (500 m x 500 m) 7|9k
o4 o]n|A] AR 0] 8510} A HEH(X|HTE, &
A g o] EFRL] Al B FAEEA o v] K= F3
A5FQATE B2 Scott et al. (2003)°] A|2Het 7 #
2 MODIS o]l ] 21 7]4 =op 5o 2 51o] ok
220 2 WMESIQITh X EEA AR MODIS o]u]%) 22
£ o] 83}o] A7F2]8%|4> (Normalized Difference Vegetation
Index, NDVI) 9 2|32 =5 APJ5}5] 0, 2|37 1 (Digital
Elevation Model, DEM)= < E X| 2] X Yoj| A A|&3=
DEM (30 m x 30 m)& ARE-3}3 ) Fig. 1-& & o9] 1A
52 Uehicy

o K Lo
Az w2 K of

Y I~

1. MODIS 7[dt ELpE4RY 3 YA AF

Scott et al. (2003)0] A|2Fgt A4 (B4] 1)& Boko] =
U A S e EQrri o IA & &3] EYra34Hg
S}, A3 412 MODIS (500 m x 500 m) 7|8 Eoke] Zulek
oJu| |} of| Z-gsto] Al-FIFH o7 BazElo] Ql= EQF
g AP,

R, =G+ H+\E )
A= \E/(\E + H)
0/6,,, = exp(A —a)/b

a=1.0,b=0421

oJ7| A R, : A| 3k &AL (net radiation, [W/m?]), G : EOF
9] & 0]%(soil heat flux, [W/m?]), H: tj7| 2 dsl=3 A o]
% (sensible heat flux, [W/m?]), A\E: &g 0|5 (&2] Z0|
AR ol R, [W/m?)), A : ESF0] ZHlek(soil evaporation)
HE, 0 : ESSE(em®eom ™), 0, : SE3F A O] EoFR
(em®em™?), W ab : LA ATFA|S= (curve-fitting parameters),

olct.

A S (NDVDE 4914 3 A8ukA-S o] 85}

of A0 A2 B s Uehd 4= 9o, 34 (2)& AR
slo] A S} T3 2| -2 == MODIS o A A58k 2
=25 ARSI
_ (NIR— RED)
NDVI= (NIR+ RED) 2)

&]7]A], NIR : 2 ©)4 T4 (Band 2 : 0.841~0.876 pm),
RED : 7}A|34A41 2 A53k4) (Band 1 : 0.620~0.670 pm)o|ch



- NZH - OlEf} ONE - HFA - URA - YT - 5T

=] AAo] AAQITh FoIHA]
0] 9F9.5 %S AA|B}AL gl om, TR o] x| e} 541 A]
2 Z}2F70 % 2 21 %S 2HA|FAL QIek §oo] Agd 71
211.6 ColH, AHH 73472 1,362.3 mmo|t}(Park et al.,
2014). 2479 9oL 2 S WSAE ISR
GAHAL 2,694.4 km’o|H 7k AA| S A 35,7704
km’] 7.6 %S XA 5hH 5 E2=383.6 km, G- H+ Z
2.16.5 km, S-GHHFETE=650.5 m, SSBFAA=46.0 %
2 ) BER Alekx| o] $jx]eglom AFH AL 2,478.5
km® 2 A] - HA 0] 92 %o o] 2} (Shin, 2015). A7} 5
90] ALH 12~3 Yol Aul|2]ofol A kst FHgstar 7]
23} BafZo|| ofa) ujd AWEch o2 6~8Yoll= &at
T R 2 ghAlEo] AufH o)Lt ufju 2 el oo
A HHYEH 0.2 Bulsl gl F 0 2 0l 342 o3It E
3t A% 7] 2210 C WelolH oS4 2117|2240 C
7] gefrkn B4 9] A 7]L-S 95} 30 T71A] Yzict.
74$-0] A A Bl oF60~70 %7} oS- st 9l
o}, & ALof A guhe 1l AokErdel G ool A APgE EoF
SB 2 REA (TR 2 25) ZRES 500 m x
500 m PR 2E5}GIt) A HEAJ0] EokgEo] n| x|

=

o
S, A0k TS B BAYE, HRE, A
e 4

O

TS BAL7] 91510l W YTy BAL A 2

o= T

=2 =2

$ARE 27 ASOS W42} A3 ASOS T=420]14 2014
220159 9 ARE 75131k MODIS 7]5ke] Bk
2 ojulx) g Mok Pl Aol SHE 45 B
HS o] 835}o] AT} (Shin et al., 2016).

AgARE FEA YRR AT 4R
(Digital Elevation Model, DEM)-2- ©|-8-5}%1.2H (Fig. 3), 7
Sepe 7)) A% 9 22 EW7AEE A (Automated
Synoptic Observing System, ASOS)2] 7|4} AL&25& 0]-8-51%
T} MODIS= 19921 129 9hARE u]=2e] E05 M-1 (Terra)$)
A331200218 39 WEAFE EOS PM-1 (Agua) 91401 B4 Al
o]t} (https://Ipdaac.usgs.gov/data_access/data_pool). MODIS
171, s SAE ASE  Ae AM R, 36714 1= 0
&3t A A 7-e] A1 9l vz 9] HelE #E3he. MODIS
o] Z7F FAHE 2] -9 Band (1-7)-2 500 m x 500 m A=
9 B L5 0] e 1 kmx | km ST R AFH Wb
MODIS (1 km x 1 km) 2=2}22}DEM (30 m x 30 m) A}&=
2500 m x 500 m ST R WFate] ATy BAS Selel
ck B Ao M gl Ee] A0 2 olsto] QA AR
A2 Alelshict. B3t Byt A 25449 4 &
A& 9181 Peasons’ A2l (R)E ©1-8-3HTH (41 3).

3)

QU B o]l (pixel) B 7 y: FAHH O B
QL AEEA THAAALS, 22 0 49), i BLHH 0
2 Bawo] o= NEEA B Ut 28 (3-10) ARk U}

Epic.

2

(a) (b)

¢ 5w 20 Kiometers [ 40 Kiometers 0
[ S

Fig. 3 2014 MODIS A XI2 DEM; (a) 82 S99 LU (b) Azt

o R

s Ealslerg Alsod #1638, 2017 « 31



MODIS O|O|X|E 0|

5t XEEAO| M2 EQAHO| Al Z7HM Hi EXA

. &=t A 0F
1. MODIS 7[H} EQ4E ALY

EokB I I HEA] O] A BAL = a
o7 o] MODIS 14*4 27 7]9ke] Eok *Ei’} A #EHS (A
thF e

FAAS 8 2w AP

7 0121 2014 9 20159 L 7&# 2 pefulck, 2014
1A0) 79 2 0] F 744 705 mmE SH (1,181

=
O
2 Upehde}. 20154 0] Ao

qe A0
S Rojol A W Zgo] S A Fk vl
400 352
@)
=300
£
F 200 163
J 121 115 114
5 100 69 - 67

. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec.
Month

Ruinfall{mm)
5] B
2 B8

2

Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec.
Month

Fig. 4 2 ZIQ2F T (a : 20144 U

[== = iy )

(@) (b)
(e) ®

Fig. 5 %I:H:H

oo 201 20141 MODIS @A X2 NDVI (a @ 3%, b : 4%, c: 5%, d: 6% e:7¥

32 Journal of the Korean Society of Agricultural Engineers, 59(6), 2017, 11

Rainfall(mm)

b : 2015 it

Rainfall(mm)

Frolx=4,7, 8 R 11 ¥ Zﬂﬂo
PAH'S]_OﬂLq— X{iﬂ?@ oz A9
e fofat wlamste] a0

f
ot r{r

rfé b=

f

Fig. 59} Fig. 6220141 §99 9 a7 o]
T ATAEAS (500 m x 500 m)E LreRiT), S
o AR S0] 79 ol AlAye] Aol
2ol &, 7k o] u)sh FFAAS7 A ekt
50l vk 7, Al 5 1% 5 S Aol et At
A4 B B Aol 7} AISIE S0 Uehgon],

= Jo e
™ oox e B 12 o

> 1o

]

_I

Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec.

Month
400
(d)
300
236
200
119 113
100 81
44 53
1n 18 19 24 I 28 I 19
o m - = 0 =l . .. -
Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec.
Month

R, ¢ 1 20148 AUYHK[A, d : 2015 ALLUHFY)

(© (d
. T
-
(@ ()

0

f:88 g:98 h:108)



oy

42 - A - Ofefat- O - H7% - LR - YN - 2BV

AH 0.2 o] SAIR Aol 7] el BAMAST 9 1-627H) ThS- AL il wAlste] A43e] Aol

Qi o
<= 3HEE EE Bt 7ha o Y ke, 7~84d 015350 mm o1/} 797t
O 0] A9 gubuu v watel AFAAG] WA ol he el AT AAI ST so ) Ao 2 Tk
AR W2 IS e o, ©o]=201439] 4 A
S U9 AL ko ls) Ae] Aol FFS WS A ST 5010 MODIS 7|8k AELEe] A9 B, 7He

%
o2 BEEYrh 293 KUY AYAS BEL §TY o2 /A R A0R Uitk Ea YT AR
3o ol HuTh /he o] A Uebgth A4 3 kRS Xoe] ARewst v ebgon], A

(@ (b) © (d)

Fig. 6 AAZH {9 201413 MODIS /& X2 NDVI (a: 38, b : 43, c: 58, d: 68, e : 78, {1 : 82, g : 98, h : 108)

ocoo

(@) (b) © (d)

W
(Daameaadia], 5

=]

Fig. 7 82 {9 2014 MODIS YN X2 X|HE2E (a: 38, b: 48, c: 58, d: 68, e: 78 1: 8% g: 98 h:108)

s 3= Al59d A6z, 2017 * 33



]
m

MODIS 0[0|X|E olZset X|IEEH0| WME EU+EQ| A S 22 £

G7h ke 2|ofo] A4 Al A 0B AL} A ER
o}, oli= Hafo e A sEule] mesh: Akl A9 4|
HA2] AYO) BER o] G ] A FFAAS
o AEL w7} whilE|sHs S4S Holt A0 Bu,
AAH O B 20749 0] A FLE ASH- GHd £}
AP Uebgeh (Fig. 7 2 Fig. 8). 1o o2 A ES
S A0 GH Gt vlaste] e B4 1)

(a) (b)

© ®

-
P
4

(© (d
£
(2 (h)
313
V.
3
.2 63

Fig. 8 AU 9 20144 MODIS &M XI& X|BE2E (a: 38, b1 48, c: 58, d: 68, e: 78, f: 88, g: 98 h:108)

(a) (®)
L L
(e) ®
¥ le7a
S S

e

© (d
1 V' =
Py 2o
(@ (h)
T 05

Fig. 9 2E Q9 20144 MODIS &M Atz EU4E (a1 38, b : 48 c: 58, d: 68, e: 78 f: 88 g: 98 h:108)

34 + Journal of the Korean Society of Agricultural Engineers, 59(6), 2017. 11



oy

oT —_o

42 - AE - OfEfst- OE - FZ% - A

o

22 -

A o2 o] 4L I7to] Bfgie] FURE A} of mpef mofio] F7HY RO AolrhwkAshe o
OF AR OB W L MR I e AR Uitk ol vliwstel &, /M He) mRo] A
LR ol SUAL Y HER Qo Wshe e £ HoR o Urepikon, o) A S gt Al s o
o AL B4 (A, T, BFH)ol A G WA AT B 7 S0 Bek=gict
o= gaEgick
aopyle] Eopit ox) 9 et At B 2 ESFE X BENA SEEA
B} (Fig. 10). WA 202 Y B Byl of=3 2014 22015 MODIS (500 m x 500 m) JAAEE o]
HOhE 7R U e A0 R Ueton] BRAREY  Solo] SEY B 439 0 98 U AR mYR
@) (b) © @
£ 'ﬁa 4 g{,l\% | S
lpr s - ‘ 7 e
ot g | e =

®

()

3
i 3 o X
£ 7

Fig. 10 A2 299 201413 MODIS QA XIE EU4E (2@ 3

1 r 400

_ 051 - 300
o =
E £
= 0 200 2
£ E
s g
S £

05 r 100

-1 4 Lo
mmRAIN —NDVI —TEMPK —DEM
14 r 400
(c)

_ 05 - 300
g g
g )
= 0 200 £
s
) g
s £

0.5 r 100

Lo

mmRAIN —NDVI —TEMPK —DEM
Fig. 11 £+ 2 ABE| I (2 : 20143 SE,

b

(2 (h)

0.5

I g

: E,
e TR el o T o
‘-"‘% i ; - 0

b:48 c:58, d: 68, e: 78, 1:88 g:98 h:109)

14 r 400
_ 0.5 I 300
g z
£ E)
0 200 &
£ H
) g
s =
-0.5 r 100
-1 Lo
mmRAIN —NDVI —TEMPK —DEM
1 r 400
(d)
_ 05 I 300
g g
] g
& 0 200 2
£ E
3 g
S =
0.5 I 100
-1 Lo
mmRAIN —NDVI —TEMPK —DEM
1 2015 SEE ¢ 1 2014 AUZE d 201551 AQkZITH)

Sasgatsle=itg] Als9A #6E, 2017 « 35



MODIS O|O|X|E 0|

St X|IEEN T2 EQU4R0| A 27 BT EX

A ;EA ) AT A4S A BT (Fig. 11). 2014 9
20159 % YU Aluby B Aa) 242 oi oy
o)

4‘

=2 o1 o
A= DEMO| EgeEd 2 A4S 2
NDVIe} Egfa=o] A o] Woll= ﬁifn UrEM 7&#
Fol EYaE3 NDVI o] Aol g3k 7= A=
UFERATE 297 A 79 A RG] 4-io] E3lx|
7] W&o NDVI2] &8Fo| ZrAadt Eof=Eulo] AkykAo]
Sobg o, ¥Rl A EHoA St 9l AER
QI 4-EAlo] A 3] 8 Apeo] L W] vjio] A%
)8} Eofiiie] o] ol Aow WEE 9w
G 2 HHO| 210] F¢ LT} ol ¢ Fubito] B
S| WAsto] mofgmo] Wolx|7] wie] o Eo] &
& A0 BAE QT £PH F0 B3 SHWL FARE
e By o AdHon el WE o] S

Wb e Ao ek
v. 2 2
1937 Lo| A= MODIS $J4 o|u] x| A5 2 o] 8-5}o] 4ot

o) Ol Aok7il] ©.ojo] A T7HA O 7 oL o] EoksH O
APgSIon, ATEEH CETHBAE A9 8 2)o] =
AR
AT B A
ﬂﬂﬁ&@ﬁﬂﬁﬂi%ﬂﬂ
AAskich 2 4919 2014 9 20153 9] 74279}
8BS LA &5, AFAIg R4l
l%ﬂi—iaﬂﬂ%ﬂﬁﬂ#
‘_E, ;H.T.(./\I/\H;(] ] Eo]:

lm

L

me 18
1 o
rZ
o
)
~ A
o
=
N
)

Hr
o
]
il
I
o:
i
_‘EL

Mo o
b
o N
o H
o
i
O]
o oh
rs*r' %
tlo E
mﬂe
E
E
In o
ox
ﬁ:
13
Hﬂ
ol
j>
T
1o

o
F
2

<
A
I
rlu
_>‘4_|‘
K
o
O.L.)«E;lﬂg:’
g
Lﬂ
¥ 5
; -r‘
ﬂT
gm
ﬂil
)
1001:1
or}oi

=
EVE) Eot/\u 8 ssakol WhA T ol 7 °

L 7o 2 vehdth E3 Eokr Bl X EEAJ O]
1 g g BT A A A o NJEMGW
21)%0l| A= DEMI} Eok4=io] o] 714

2 el AR o] Bl g
g vjAe AR bt A AASe] B
L7} 2FAISE 3~5Y W [0 YofA]= oFo] AFHAS
WS P R -9 Ul o) e m

S o=
FF7H T Aol

o
il

O
l & ruiSoRnQr
rojaimﬁr‘

W T of

W

7

t:l
pus

]

X

J
flo

TN o2 Jo e N T 1o

fr
lo & sg
Pﬂi&ﬁo

Hl rlo

A| O] Eofaro] A1 E

36 * Journal of the Korean Society of Agricultural Engineers, 59(6), 2017, 11

EH (=), 4‘7PoH/\PE -4 =24
Jw}ﬂu} = ?ﬂ%mﬂ/ﬂ wEd 7é

ol 12

oﬂ A 7Aoo =2 Oﬂﬁb‘lul ‘]‘_—_ ]_J_u:]_/] Eo];/ku o /\]
ZVA0 2 WESHe B BES 95 B8 10 R A8
o

AL Ab

2 AT =AY e He Ty REZA] dS R
g 7l (2014000540004) AFJol| 4] 2] QHkoks ok

REFERENCES

1. Bastiaanssen, W. G. M., 2000. SEBAL-based sensible and
latent heat fluxes in the irrigated Gediz Basin, Turkey, Journal
of hydrology 229(1): 87-100.

2. Crow, W. T. E. F. Wood, and R. Dubayah, 2000. Potential for
downscaling soil moisture maps derived from space borne
imaging radar data, Journal of Geophysical Research 105:
2203-2212.

3. Donlon, C., 2008. Sentinel-3 OLCI and SLSTR, In Medspiration/
GlobColour symposium, 20th November.

4. Engman, T., 1991. Application of microwave remote sensing
of soil moisture for water resources and agriculture, Remote
Sensing Environment 35: 213-226.

5. Gwak, Y. S., S. H. Kim, S. W. Jung, Y. G. Lee, J. H. Lee, and S.
J. Kim, 2015. Spatial and Seasonal Variability of Soil Moisture
Properties along Transect Line on a Forest Hillslope in the
Cheong-Mi Catchment, Korean Journal of Agricultural and
Forest Meteorology 17(1): 45-57.

6. HA, R., H.J. Shin, M. S. Lee, and S. J. Kim, 2010. Estimation
of Spatial Evapotranspiration Using satellite images and SEBAL
Model, Journal of Korean Society of civil Engineers, B 30(3B):
233-242.

7. HUR, Y. M., M. H. Choi, H. W. Kim, S. D. Kim, and J. H. Ahn,
2011. Analysis of soil moisture response due to co-hydrological
change, Journal of Korean Wetlands Society 13(2): 171-179.

8. IPCC, 2014: Climate Change 2014: Synthesis Report. Contribution



A2 - AIRE - OfefEH- OIS - EiS - HIRA - U - 2B
of Working Groups I, II and III to the Fifth Assessment Report Journal of Soil Science and Fertilizer 43(6): 828-836.
of the Intergovernmental Panel on Climate Change [Core 19. Park, C. W., Y. K. Sonn, B. K. Hyun, K. C. Song, H. C. Chun,
Writing Team, R.K. Pachauri and L.A. Meyer (eds.)]. IPCC, H.J. Cho, ... and S. G. Yun, 2012. Soil erosion risk assessment
Geneva, Switzerland, 151 pp. by soil characteristics and landuse in the upper Nakdong River

9. Jeong, J., 2016. Estimation of Soil Erosion Using National basin, Korean Journal of Soil Science and Fertilizer 45(6):
Land Cover Map and USLE, Journal of Korean Society of 890-896.
Environmental Impact Assessment 25(6): 525-531. 20. Park,J. Y., H. Jung, C. H. Jang, and S. J. Kim, 2014. Assessing

10. Kerr, Y. H., P. Waldteufel, J. P. Wigneron, J. M. Martnuzzi, J. climate change impact on hydrological components of Yongdam
Fondt, and M. Berger, 2001. Soil moisture retrieval from space: dam watershed using RCP emission scenarios and SWAT model,
The soil moisture and ocean salinity (SMOS) mission, IEEE Journal of the Korean Society of Agricultural Engineers 56(3):
Transaction of Geoscience remote sensing 39(8): 1729-1735. 19-29.

11. Kim, J. H., K. T. Kim, and H. J. Lee, 2009. Analysis of Korea 21. Shin, Y., B. P. Mohanty, and A. V. M. Ines, 2012. Soil hydraulic
Soil erosion yields and Soil loss hazard zone, The journal of properties in one-dimensional layered soil profile using layer-
geographic information system association of Korea 17(3): specific soil moisture assimilation scheme, Water Resources
261-268. Research 48: 1-15.

12. Kim,N. S.,H. C. Lee, and J. Y. Cha, 2013. A Study on Changes 22. Sunwoo, W., D. Kim, S. Hwang, and M. Choi, 2014. Analysis
of Phenology and Characteristics of Spatial Distribution Using of Regional Antecedent Wetness Conditions Using Remotely
MODIS Images, Journal of the Korea Society of Environmental Sensed Soil Moisture and Point Scale Rainfall Data, Korean
Restoration Tecnology 16(5): 59-69. Journal of Remote Sensing 30(5): 587-596.

13. Lee, J. H, S. K. Kang, K. C. Jang, J. H. Ko, and S. Y. Hong, 23. Shin, H.J., M. J. Park, E. H. Hwang, H. S. Chae, and S. J. Park,
2011. The evaluation of meteorological inputs retrieved from 2015. A Study of Spring Drought Using Terra MODIS Satellite
MODIS for estimation of gross primary productivity in the US Image-For the Soyanggang Dam Watershed, Journal of the
corn belt region, Korean Journal of Remote Sensing 27(4): Korean Association of Geographic Information Studies 18(4):
481-494. 145-157.

14. Lee, J. H., 2011. The Study about Reasonableness Assessment 24. Shin, Y., K. S. Choi, Y. Jung, J. E. Yang, and K. J. Lim, 2016.
of Soil Erosion Load Computed using USLE Model. Master’s Soil Moisture Estimation and Drought Assessment at the
Thesis, Seoul, Hanyang University. Spatio-Temporal Scales using Remotely Sensed Data : (I) Soil

15. Merlin, O., G. Chehbouni, Y. Kerr, E. G. Njoku, and D. Entekhabi, Moisture, Journal of Korean Society on Water Environment
2005. A combined modeling and multi-spectral/multi-resolution 32(1): 60-69.
remote sensing approach for disaggregation of surface soil 25. Van der Werf, H. M. and J. Petit, 2002. Evaluation of the
moisture: Application to SMOS configuration, /EEE Transaction environmental impact of agriculture at the farm level: a
of Geoscience Remote Sensing 43(9): 2036-2050. comparison and analysis of 12 indicator-based methods,

16. Merlin, O., C. Rudiger, A. Al Bitar, J. P. Walker, and Y. H. Agriculture, Ecosystems & Environment 93(1): 131-145.
Kerr, 2012. Disaggregation of SMOS soil moisture in sourheastern 26. Wischmeier, W. H. and D. D. Smith, 1978. Predicting rainfall
Australia, IEEE Transaction of Geoscience Remote Sensing erosion losses, A Guide to Conservation Planning, The USDA
50(5): 1556-1571. Agricultural Handbook No.537.

17. Njoku, E., 2008. AMSR-E/Aqua dail L3 surface soil moisture, 27. Y.G. Lee, S. H.Kim, S. R. Ahn, M. H. Choi, K. S. Lim, and S.
interpretive parameter & QC EASE-Grids V002, National Snow J. Kim, 2015. Estimation of Spatial Evapotranspiration Using
and Ice Data Center, Boulder, CO. Terra MODIS Satellite Image and SEBAL Model - A Case of

18. Park, C. W., Y. K. Sonn, Y. S. Zhang, S. Hong, B. K. Hyun, K. Yongdam Dam Watershed -, Journal of the Korean Association

C. Song, and Y. H. Moon, 2010. Soil erosion risk assessment in
the upper Han River basis using spatial soil erosion map, Korean

of Geographic Information Studies 18(1): 90-104.

Bae2aka)=i 7] A508 A6E, 2017 * 37



