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ABSTRACT

Drought is a regularly occurring natural disaster that affects large
numbers of people and causes serious economic damage. The frequency of
severe drought is expected to increase in many regions due to the effect of
climate change. Despite the high levels of uncertainty on the spatial extent
and the temporal timing of the changes monitoring the current conditions
and forecasting future drought several months ahead can be valuable
to reduce the negative impacts. It is essential to develop a drought early
warning system that performs drought monitoring and forecasting, delivers
the information to decision-makers in a timely manner, and results in the

reduction of the adverse impacts of drought.

Many hydro-meteorological variables should be included for
comprehensive drought monitoring and forecasting. Since observation
data of the variables are only available where there are dense networks of
weather stations, remotely sensed data can be used instead. The purpose
of this study is to develop drought monitoring and forecasting techniques
using remotely sensed data to be used for regions where observation data
is lacking or absent. In this study, hydrometeorological and biophysical
variables such as precipitation, land surface temperature, actual and
potential evapotranspiration, fractional photosynthetically active radiation
(FPAR), leaf area index (LAIl), vegetation index, and soil moisture were
obtained from remotely sensed data. Several variables of actual and potential
evapotranspiration and soil moisture were also derived from land surface
model outputs. The large-scale climate indices Arctic Oscillation (AO) and
Multivariate ENSO Index (MEI) were integrated with these variables to obtain
drought information.

While drought monitoring can be ftraditionally performed based on
drought indices such as Standardized Precipitation Index (SPI) and Palmer
Drought Severity Index, a machine learning technique, random forest, was
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used in this report in developing drought monitoring and forecasting models
to overcome the limitation of short records. Drought-related variables are
intertwined though complex feedbacks and couplings between variables,
and the interactions between them present challenges in simulations
using simple algorithms. Including limited number of variables may lead
to inaccurate results of drought conditions. The variables derived from
remotely sensed data may be less accurate than observation data since in
many cases they are estimated from many algorithms which are physically
based but far simpler than real-world interactions. In this case, machine
learning techniques can be effectively used to develop drought monitoring
and forecasting models since they are not required to explicitly provide or to
make assumptions on physical relationships between variables.

In this report, random forest was used to develop drought monitoring
and forecasting models with a lead time from 1-6 months. The random forest
model is known to produce robust results against outliers and noises. As
input variables, variables derived from remotely sensed data (day, night, and
mean soil moisture; day, night and mean land surface temperature; actual
and potential evapotranspiration; vegetation indices of Normalized Difference
Vegetation Index and Enhanced Vegetation Index; precipitation; FPAR;
LAl), variables derived from land surface model output (actual and potential
evapotranspiration; soil moisture), and large-scale climate indices (AO and
MEI) were used. As target variables of the models, SP| and Standardized
Precipitation Evapotranspiration Index based on observation data as well as
Normalized Difference Water Index (NDWI), Normalized Difference Drought
Index (NDDI), and Normalized Multi-band Drought Index (NMDI) based on

remotely sensed data were used.

Remotely sensed and observation data were compared for precipitation,
land surface temperature, potential evapotranspiration, and soil moisture.
For precipitation, TRMM monthly rainfall data produced relatively small



errors and high correlations in the regions with lower latitudes. There also
exist high correlations between MODIS land surface temperature and
observed air temperature except for daytime land surface temperature
during summer. While the MODIS potential evapotranspiration appeared
closer to the calculated values based on Penman-Monteith compared to
the land surface model output, the soil moisture data from the land surface
model output were closer to the KoFlux observation data than the remotely
sensed data from AMSR-E sensor. A regression model was built between
the AMSR-E derived data and the land surface output for soil moisture, and
it was applied to AMSR-E derived soil moisture data to enhance the spatio-
temporal resolutions of the remote sensing-based soil moisture data and to
reduce estimation errors.

Drought monitoring models with several sets of input variables were
developed using random forest, and their performances were evaluated. A
drought monitoring model with all available variables performed the best.
Random forest provides internal estimates of generalization errors and
relative variable importance using out-of-bag procedures. Precipitation
turned out to be exceptionally important for target variables based on
observation data. For target variables based on remotely sensed data, the
relative importance of large-scale climate indices of AO and MEI were very
high. It indicates that drought conditions in the study area are very much
affected by teleconnections. The correlations between input data and output
of models for NDWI6 (NDWI with MODIS band 6) and NDWI7 (NDWI with
MODIS band 7) were especially high, suggesting them as useful target
variables for drought monitoring.

Drought forecasting models with a lead time from 1-6 months were
developed using input variables previously selected for drought monitoring
models, and their performances were evaluated. Forecasting errors tend to

increase with longer lead times, while the errors tend to decrease with more



past months of the target variable used as input data. The number of past
months of the target variable affects forecasting errors more than the lead
time used. Target variables NDDI5 (NDDI with MODIS band 5) and NDDI6
(NDDI with MODIS band 6) were excluded because of their unstable error
levels. Drought forecasting models developed performed well for other target
variables. The target variable itself with past values showed the highest
relative importance among input variables. Large-scale climate indices of
AO and MEI also have large relative importance as with drought monitoring
models. The relative importance of vegetation-related variables of FPAR,
LAI, NDVI, and EVI were moderately low.

The drought forecasting models developed using target variables based
on remote sensing were applied for the crop yield data of highland bok
choy and radish as well as frequency and area data of forest fire. Rather
than developing models for directly forecasting crop yields or forest fire
frequencies, the statistical correlations between crop yields or forest fire
frequencies and remote sensing-based target variables for administrative
districts of the study area were obtained, and then the performance of the
models for the administrative districts with high correlations was evaluated
on the remote sensing-based target variables.

Among nine SI-DO and six SI-KUN-KU used for the crop yield analyses,
crop yield data and remote sensing-based target variables showed high
correlations in two SI-DO of Jeollabuk-do and Gyeongsangnam-do and four
SI-KUN-KU of Yeongwol-gun, Yanggu-gun, Inje-gun, and Gangneung-si for
highland bok choy. High correlations were observed for highland radish in
three SI-DO of Gangwon-do, Gyeongsangbuk-do, and Gyeongsangnam-do,
as well as five SI-KUN-KU of Taebaek-si, Samcheok-si, Yeongwol-gun, Inje-
gun, and Gangneung-si. Relatively low correlations were observed in some
cases since there are many other factors affecting crop yield. The remote
sensing-based target variables, however, can be used as good proxies for



the cases previously listed.

The performance of a drought forecasting model using NDWI7 as a
target variable with 6-month lead time was especially good in Yeongwol-
gun for highland bok choy, as well as a model using NDWI7 with 1-month
lead time in Gyeongsangnam-do, and a model using NDWI6 with 2-month
and 6-month lead times respectively in Yeongwol-gun. For highland radish,
models using NDWI6 with 6-month lead time in Gyeongsangnam-do and
2-month lead time in Gyeongsangbuk-do showed high correlations with crop
yield.

The correlations between the remote sensing-based target variables and
the forest fire frequency data, fire area data, and the fire area ratio to the
total forest area were tested and only forest fire frequency showed good
correlations. The high correlations were only observed when analyzed for
SI-DO level, and for NDWI and NDDI among many target variables. The
correlations were especially high in Busan, Ulsan, Chungcheongbuk-do,
Jeollanam-do, Gyeongsangbuk-do, and Gyeongsangnam-do, and the
performance of the drought forecasting models for those administrative
districts for forecasting the target variables were excellent in all cases.

The developed drought monitoring and forecasting models based on a
machine learning methodology, random forest, can be used by a variety of
end users. The models developed with target variables based on observation
data with time scales from 1-9 months can be applied to many different types
of drought. The models are suited to provide general drought information for
many drought-affected sectors by being integrated in the drought information
system operated by Korea Meteorological Administration. Since the NDWI
and NDDI were developed targeting drought impacts on vegetation, and the
NMDI was developed for monitoring soil and vegetation water conditions,
the models developed with target variables of remote sensing-based drought
indices of NDWI, NDDI, and NMDI can provide the most valuable information
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for agricultural drought (soil moisture drought). As applied with highland crop
yield data or forest fire frequency data, the models can provide valuable
information for farmers and forest managers by being integrated with drought
information system operated by the Ministry of Agriculture, Food and Rural
Affairs or the Korea Forest Service.

Since remote sensing has not yet been actively used for drought
monitoring and forecasting, the integration of remote sensing techniques
to existing drought information system or early warning systems operated
by many government organizations offers a large potential. An environment
where drought information derived from remote sensing can be used by end-
users with confidence should be built soon, by performing a range of case
studies for evaluating remote sensing data and for improving their reliability.
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IPCC: Managing the Risks of Extreme Events and Disasters to Advance Climate
Change Adaptation; SREX) o4 AFESE 7122 A& 2-g513it) olof we} 7la>
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Bl A9 S QIO B4 19 $12 AT SR SR
B 2h 5 J1E sl Agiel F2 el Fol Egse] #5S Ukl B
PN

= 7he (A 7HE) 2 SK, B, Ak 5 R7F BRI O R Yol
P4 7HEo] WhAEE 4= Qltk(Seneviratne et al., 2012).

J

Lo

11.2 74 w3 2 7150 9%
1.1.2.1 A7) 715 73

At st 4 (Center for Research on the Epidemiology of Disasters; CRED)
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Figure 1-1. Top ten drought disasters from 1900~2014 (Source: EM-DAT, 2014).



(a) Killed People

Malawi (2002) 500
Pakistan (1999)
Indonesia (1997)

China P Rep (1991) 2,000
Rwanda (1989)
Madagascar (1988)
China P Rep (1988)
India (1987)
Ethiopia (1987)
Somalia (1987)
0 500 1,000 1,500 2,000 2,500
(b) Affected People
China P Rep (2010) 35,000,000
China P Rep (2009) 60,000,000
China P Rep (2003) 48,000,000
China P Rep (2002) 60,000,000 300,000,000

India (2002)

India (2000)

Iran Islam Rep (1999)
China P Rep (1994)
China P Rep (1988)
India (1987)

50,000,000
37,000,000
82,000,000

49,000,000 300,000,000

0 100,000,000 200,000,000 300,000,000

(c) Economic Damage (1000 USS$)

Brazil (2014)

United States (2014)
United States (2012)
United States (2011)
China P Rep (2009)
United States (2002)
Spain (1999)

Iran Islam Rep (1999)
China P Rep (1994)
Spain (1990)

4,300,000
4,000,000
20,000,000
8,000,000

3,600,000
3,300,000
3,200,000
3,300,000
13,755,200

4,500,000

0 10,000,000 20,000,000

Figure 1-2. Top ten drought disasters from 1985~2014 (Source: EM-DAT, 2014).
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Vas 5 JedAATA, 2009), 19399 7HE2] 79 djFd Aohridel HE
FoF 1719k AUz Hbde]] og)] wAisl on, 1982 7HE-2 7)ol dekd st
7)) Al e ofsfiA], S7]ellE HElEeF 79k Al dhdel] A Ay
A FAT 7 ATCEEE, 2000). o] T 19394 7HEe] AT 7P Zlglo

53] S ool A = F5e UERglaL, 19689 Tha2 AV, e 7

- =
9 B F5E HATHIAIAT A, 2009). 7Fe Fallel] tiek AAE SAs glod w7
FAHFA 19783} 1983l wzba MEheiSHx, & v ke wE 9 vk
2] RS EEEkaL 1960\ 1994d7b4] A 99) ZHEel disl 7+ 93]
A= APgeglT, olF el 1 sl RS Thashe o ivh(Table 1-1).
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T oAl g8 FHoE g dairt AAHHE AT A, 2009). 2012d0d=
WA A et Bde) 28.7%¢ sdshs ArHo R AmAo® A%k sho] wAs)
o] 94T 4 AFE5E TSk 5 7HE FEE Sg o] AT @I YA
BT, 2013).

Table 1-1. Drought events in South Korea from 1962~1994.

Monthly Reservoir | Affected Economic Compensation
Precipitation | Storage Ratio| Area Damage Cost a (ﬁ)(:)s:) 00

(mm, May-July) (%) (ha) |(1,000,000 KRW) ,KRV’V)
1967 307.4 5 420,547 626,615 5,758
1968 122.2 4 470,422 700,928 5,558
1976 368.7 37 28,218 42,044 2,548
1977 287.5 29 60,222 89,370 13,920
1978 717.6 13 - - 37,201
1981 658.2 46 145,457 216,730 51,783
1982 300.8 27 231,244 344,533 48,257
1992 3924 23 31,523 46,969 21,400
1994 231.3 15 231,569 249,281 61,866

% Note: The base year for the cost estimation is the year 1992 for 1967~1992, and the year 1994 for
1994,
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o7 el A3 AB W (Dai et al., 2004), o= PDSIZ} 4 Hik= &%
of ml¢- WAl e 7] wiitelth #5 Akm 7Nk RS F835ke] 1950
~20009e] tisl] Ekis AT el oebd MA|FACE TREe] A&7IRE A%
2 AETb AT Zlom oitEn vk A9AR1 HApt A veRd Zle® Helth
(Sheffield and Wood, 2008). oprJo} Aol thaljr= &HAR1 xfo|7} A et
2 7HE g wste] disk BEHido] 2ot ofe] shE AE o] gdt W At
SopAlol A HeflA] 204171 FHbel] 7Hgo] AstE e Holi Slth(Seneviratne et
al., 2012).

A 713529 (Global Climate Model; GCM) & o]&sto] ml2le] 71E kAo
gt Are 3] o]Fo|x1 Utk Burke and Brown(2008)-& Coupled
Model Intercomparison Project 3(CMIP3) SHEAMIE ARE 7HEC =R
Standardized Precipitation Index(SPI), PDSI, Precipitation Potential
Evaporation Anomaly (PPEA), Soil Moisture Anomaly (SMA) A5 o]&3}
of g WskE w4l SPIE AAe v AFe B 5~45%2] 7he w4
ol TV AWty o Ared 98] SPIF 7Hs WA miskE dWehA| o
AL e aeste] ti718) 7 FoE aEsA §8k7] wiiteltk IPCC SREX
o|Me CCDeF SMAE olgsto] AAT 7hHer ®stE A8ilet, +4H 37 9 AT
3l Ao, 9 S, HohlElzt T, Tdoelt W WAle, Bepd Hei dolx
g7t T HW Aol e 712 ATt vRHAR T A B A7 rEE 7R
715 stk (Seneviratne et al., 2012). WFd FEolAolo M= F X7t A=
UE A= B30, CDDe 7he 389 Zas dweisiont SMAZE 22 A3=
HolA= 3tth(Seneviratne et al., 2012). 283 7Ha 74 olske] R
At ke AR AuE F Qe T R 5o Adoe A S ol
Hup o2 ol Qo] Wsks}t ] 7ol S AE itk (Hirabayashi et al,
2008).
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Advanced Microwave Scanning Radiometer for Earth Observing System
(AMSR-E) 41X #5290 7H8- H97F 2002 79HE 20119 997k o]=2, 74
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Figure 1-3. Study area — the Korean Peninsula.
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2.1.1 AZA 717 A5

204171 SHE o]F FE2 7He AEo] MEEAET, 7 ol AREEE T Al
T2 v=elM 1960 thel el shH7ka=]4=(PDSE; Palmer, 1965) £+ 1990\
of 7ire A (SPL McKee et al., 1993) s©] St} 20009t =] SPI7}

e B oolE ti71e] i eE arete] FibEE A
B A9 (SPEL  Vicente—Serrano et al., 2010) 5o] 7fute o] tieksiA
F8¥ 3 Stk 71 #S5 ARl disl] AAIgR EABRE 71 B ARE o]8st]
olF 7hr AFE AT v 7hr H7F H AAE s

2.1.1.1 37}

SH7HEAlE = A BEde 7Hkelar glow Z-Index, PDSI, Palmer
Hydrological Drought Index(PHDID) °.& /% o] dt}l. PHDIE dd3fste] &9k
T AEF 4%t Palmer Modified Drought Index(PMDD % Al&dttt o] &
Z-Index= 1709 AF AEZ 7 Ee wy)zte] A5 B0 2 Qs 7|48 7}
w el f-geitt T1dtell PDSI= wEk 97i€ellr 12702 ARE HEE 7Y
(Guttman, 1998), PHDI&= 1 o] AlRF Hieg b4 4=8H] 7HE 7hAlel] 2ghet
Ao deEA vk LT EA BES o]geto] 157U AR HES BT A
£ AFY3= Crop Moisture Index(CMI) &= 71¥t= Stk (Palmer, 1968).

PDSIi= &4 EHks o] @stuz A= o9l 2%, Sl EqfE, AEf=E

A welshA "t ks 7He el Zlojshe thE QQls FHEA a1
= %}@0] 0111} 8y EoF 8 d=F(Available Water Capacity) 52 HE
AQair ESF w- dlojEHo] v EEo] QA o2 Aol A8 ojHe ¢
o] A1, TEFH ]*{V—i?l Hlw 7} AgsbA] ehvh= #A17o] Qlo] gkrh(Alley, 1984).
13- H57F 97ieelM 12708 % a7g o] 7] wiimell theFst FEie] 7ol 6854
WA Ageh7] otk SRl Sltk

nZiEkEE

S~

27 YA XIBE BSE IS Ul - oIF T1E e 15



21.1.2 FZH5R5

EEPPASRE Ashe AR Am) nel 43e AL, ol At shof A
AT 5 odek $A RS AR B el A§AA 5 i, s 3y
2 mgsknz AFHE Mt golshtks Aol k. Aske Az Hiel ofs) *F
2 A5 A8 5o 7 ARkl wet A e 549 9 59 35Ee 3
A 53 wne 5 ek e olF SPIE B AFAEe] Wokseld World

Meteorological Organization(WMO) el 2J8] 71482 7182 7kxs7]el 718 238kst
Az A7 &9t (Hayes et al.,, 2011). AFA} A7 HEE (43 4= 9)7)
uzel] 7Rl 38 Jwe wel ksl ARE 4 ik ey ks ARESkaL

9] 8 £2E Tejs @) el R v)gol AT Bet ek

st e F ol AAS] Aehd, A Ao 127049 minke] Ak E

S AT EE mEA gorw A SEREde] sl "k A Al
ot FEEIEFTE McKee et al.(1993)> w77} 270Q1 Gamma EHE-E323
A]rstlon Guttman(1999)2- o8] SEFEIE Hlwst & vi7fHs 3719

Pearson Type III E2¥3<r5 7P Aghst =2 Ak}t

Kl

Yy X o
1.

(2) = |z —¢|* exp(— [z —¢£]/)

[l 7 1() (Eq. 2-1)

o] wl, x3= Pearson Type III #+¥5 W=+ &5 H40]l, {(x)+ Pearson Type
Il &332 gdoltt o, B, & © ©] §EFETTY] T Z L-2HES] Hf 4

(location W), 5=} ¢ (scale W), 9% 7 (shape W) &} th=2] #HAo QUch

1
/8:50—|'7|7£:M_2%37¢0 (Eq 2_2)



S A=tk olel uet ZF 77 AAE#e] 74 & (cumulative probability) & 95
[e)

Ao, Bt EgTe] AgTE ARS8 SPT ke Adsil =k

T—p+2— 4
27
—(a:—,u-i—Q—)
4
F=1 - i = hv<0 (Eq. 2—4)
I
Glaa) = {I(a)) ! / ety (Eq. 2-5)
0

o] wj, F&= Pearson Type Il F&&¥ESH=o|n, G= 94 Gamma 3$Hreo|th

SPI¢] HE 0, TFAxR= 10] =0, McKee et al.(1993) 9] Al we} 719

St 7o) ABAKEE 11X 1km =2 WEakAl 7|33l Aue] s o] 88
o] g 71$AsE At AT Vs AluEle Baa 2011 1
A, 201Dl olakd, Forlot A|Gelli= Ak St ol ddnt ey A A=t

F71stn Q55T gl me AFH S EASP Ha, mebd BE
2 7] Aole] A7k Aol V12 kR s) Fudge] S Ao= Aush
QEHOIEA, 2011). 7HES] AAFAQ] Al o] FEol, SR PESES] A
5 4gO% Qs T 2219 GFS Pol Worg, e SR 505 uelsA
B AN L IR [ s oL L e e S S M E S E
F& mEstel Sl Mg WS AYstelE % B ohleh FRust e

WS SOl aefstoiof i,



Table 2-1. Classification categories of SPI (unitless).

Classification ‘ Index Value
Extremely wet(EW) = 2.00
Very wet(VW) 1.50 to 1.99
Moderately wet(MW) 1.00 to 1.49
Near Normal(NN) 0.99 to -0.99
Moderate drought(MD) -1.00 to -1.49
Severe drought(SD) -1.50 to -1.99
Extreme drought(ED) < -2.00

e SRS TAle] a1#ske] Vicente—Serrano et al.(2010)-2 SPEIE
N o, Tsakiris et al.(2007) & Reconnaissance Drought Index (RDI),
Ellis et al.(2010)+ Hydroclimatic Index(HD & 73}tk RDI= -t
SAEES] H)7F log—normal W35 WETHL 7PYste] o]F o] &8sl on, Hix=
Fp ke A rAlste] AReth SPEI: drdat S| Ao AR
log—logistic &3 e § st e AR FH APETE SPEI= AR 7

T TS AL = 9 Aekr B B o R 7 Ao g oA
= =7AE aEsh ARl HlwE ZhssHAl ek Adatstel Aie 7 Qlck
SPEI:= SPI9] 5+ AAIE wEth(Table 2—2). Log—normal 32| 5Tk 4l

FARESE ofg) A3 2

($—’y)ﬂ1(1+($_7)ﬂ)2 (Eq. 2-6)

F(a:):[1+( - )ﬂ]_l (Eq. 2-7)



o] u, xi= log—logistic w5 W= FEHF, {(x) & log—logistic EHEUE3H
H

ol F(x)+ log—logistic TAEXsrolth Al w7 o, B, v + 22} scale

<+, shape W<, origin W<o|t}.
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AR = M (drivers) 2hal AZEEE = Sl foly A58 52 7kl 9 LER]
+ W (response variables) 2}l & 4 Qlth, &4 7hr XS fEXe= o] +
Fejo] WEo] B HQsi)

2.2.1 %

178 71k 7P W gle EES T =8 1960dtiel 3 $1/43<Q1 Television
Infrared Observation Satellite Program(TIROS)—1 ©o]&=Z A% xo] gt} AXH)
T (geostationary) A5 7FA3H (Visible; VIS) 9% A9 (Infrared; IR) <3
Ag Afste] 75 AT 28 e AEE daelse] AEste] A JEE &
=3}, FH % (polar—orbiting) #1452 FEvo]A =3} (passive microwave; PWM)
= B AE odSchketl, &2 SAlel el skl 1~23] S4sh g o 8H=
A d31E]E 0 2= Tropical Rainfall Measuring Mission (TRMM) 3B42, Climate
Prediction Center MORPHing (CMORPH), Precipitation Estimation from Remotely
Sensed Information using Artificial Neural Networks(PERSIANN) S©] 31w <ok
o7E 2014d 290 ZoF2# (Global Precipitation Measurement (GPM) Core
Observatory Satellites T4 02 3t GPM AR E°] B ge] AR dgolt},

2.2.2 SHkF

TS EA B ouA A Bl A Qe 98 I ARE E
2 T e oY duA FA] 7N Sk Bdo] gty el AR HE REE
SEBAL (Surface Energy Balance Algorithm for Land), METRIC (Mapping
EvapoTRanspiration with Internalized Calibration), SSEB(Simplified Surface
Energy Balance) 5°] 21°™, 18 W42 2, AHd 25, EY A5 & ofokst

W s ARRITH
2.2.3 EYTE

B2 458 wlo|a 23} BAM (radiometer) & ©]83l] A EZHE ofUA]=

20 d7=TA



57, daglsel AEst] FYAY, s8d vlo]a=ul Synthetic Aperture
Radar (SAR) %= AbgH (scatterometer) & ©]438t0] =& 4 Qlth HEAMIZE
Scanning Multichannel Microwave Radiometer (SMMR), Special Sensor
Microwave/Imager (SSM/I), TRMM Microwave Imager (TMI), AMSR-E,
Soil Moisture and Ocean Salinity sensor (SMOS) %o] £x1sl1, SARZ =
Seasat, Spaceborne Imaging Radar—C(SIR—C), European Remote
Sensing (ERS), RADARSAT, Environmental Satellite (Envisat), Advanced
Land Observing Satellite (ALOS) g°] gl.oH, A== ERS, QuickSCAT(QSCAT)
o] Ark EFTEL A 94 ARl I3 st vt =  AlEA]l wolrt

-9~ 7] wle] P55 Ahmele] 5o folshA] gk ool Sith
2.2.4 24

7HrO® Qlsf AEo] RE she Eo] FNaiA= B A AEle] ®st vl
A 2 AEEER A A AlE2 AA vehkes A4 (RED) ¥ A9
(Near Infrared; NIR) ¥°19] RRA}Ee] WslE o]gate] 751218415 (Normalized
Difference Vegetation Index) wo] 7H=o] de] AR&E o] gktk(Tucker, 1979; Eq.
2-8).

PN P
NDV[= NETRED (Eq. 2-8)

Pnir T PrED

ojw, o = FHENAREoITh T 7 AEE NDVIS] HAH o] th=A v
EER, 2EAR1l 913t 7deE acle 9MEsk] flste] Kogan(1995)2 7171
AAL A=) Hepk HOigks o]g3ste] NDVIE 353471 Vegetation Condition
Index(VCD) & 713130 (Eq. 2—-9), YA EF3he A F252] Temperature Condition

Index(TCIL; Eq. 2—-10)& A¥go 7 %35l Vegetation Health Index(VHDE 7t

2 EA KRS 8 7HE LAl - oS 71= vy 21



Medium Resolution Imaging Spectrometer (MERIS), Moderate Resolution
Imaging Spectroradiometer (MODIS) 52| Alx7} 2~o]31 Qlth

NDVI— NDVI,

T= - -
VO N DVE,yyy + NDVI (Eq. 2-9)
LSTy, x— LST
TCI= (Eq. 2—10)
LSTyyx + LS Ty
VHI=a « VCI+(1—a) « TCI (Eq. 2—11)
oluf, LSTi= Ad2%olH, at= A3 Z3he §st wi7iHs=2 0.72] gho] A= S

=3
2.3 943 A} 7|8 7HE Al

=5 AmNhE o] fste] AWshs THe Alre eE2A 35 AETF SAskE Aol
iRt 7hHe RS A= F AUAs %@O] QoEE AFHH R ALHQ A7E A
Ak @7 Bk 2estel ke~ £ wEjo] AKE L girk ok el
5% NDVI, VCI, VHI= 28 Alps) A 255 o] &3t 7k AT, 594 7He
A 9 7o {85 AR 4= 2121 Anderson et al.(2010)©] A FHikeF
(Evapotranspiration; ET) &} A 524 (Potential Evapotranspiration; PET) 2] H]
9} ol E o]gslo] NSt Evaporative Stress Index(ESI; Eq. 2—12)& 34
7Vdelu Egfel tigt R glo] 7he ARE ¥= 5 Q= 7he Aelth

ET

ESI=1=fppr=1- 5

(Eq. 2—-12)

Rhee et al.(2015)7} Aelst ol 7dd 44 &xF 7|k 7He A58 B,
Gao(1996) = MODIS®] wi} 224 (Shortwave Infrared; SWIR)S o] 83t NDWI



S TSIt (Eq. 2-13; o = EHNARE). NDWI= 0.862m 4 2A(NIR) <}
1.24pm @3} QA (SWIR) F-& o]gsto] AHe 4= Sled, S A JYo M=
A EAsHE ] FEo] vl 2oy, whul Aol o= o A% e
UA ok wgbd NDWIE 214 d3ko] =8 Hfof W7shA vhe-3stt), &3k NDVIQ}
Bl NDWIE th7] ooz Akt gafel] & w7k wh$-3ktH(Gao, 1996).
PR P,
NDWI= MR TSR (Eq. 2—13)
Pxir T Pswir
Gu et al.(2007)2 NDVIS} NDWIE o]&3slo] NDDIZ 7lsisithHEq. 2—14).
RED, NIR, SWIR 949 N S-S 55 Agsty] 7 Ak gk i EE 7iA
stglown, ul=e] AL eEEkent A9 Ao fiE] HAES Ay NDDI=
NDVI, NDWI&} Hlwsle] o5 7He AHE v & Hrlshs so2 s JoHGu et
al., 2007).
NDVI— NDWI

NDDI= NDVIE NDWT (Eq. 2—14)

Wang and Gu(2007) 9JA] MODIS®] NIR¥} SWIRS ©]-83lo] NMDIE 715k
THEq. 2—15). NMDI= NIR o]$]el] B 9 A o] wizksl + 1.640pm % 2,130xm
T SWIR Q9] 2k o] &gomm By A4S s F4ste] 7Ha Aol digh
72 ) AEI T

—( - )
NMDI— PNir ™ \Pswirt — Pswire

(Eq. 2—15H)
vt (PS WIRL — PSwWire )

l:l

old], p = MAHKE, SWIR1-S 1.640pm, SWIR2E 2,130um 39S vyehdc)

2 AL KRS BEFH7I2 LAl - S 7I& Y 23



2.4 A5 §TS T3 DEY 7HE A

7heo] gl wet T 98 A9k eE I HE ddE oS A E WSt
sl HW, 7Hae Akl 83 Mt @R R skt Y Wi ES At
A A9} t713re] Ao Ag o= Qe 1dUskA Adso] Qlrk ol WMTE ol
=% (coupling) ¥ =9 (feedback) ©] EAsk=t] ©oli= A|¥ef w2} th=7] YEf
AULE AE S50l BRI TR Aol AETES AEE Ao s Bkl
3 AQEAT Fa8t A oMz th2A A-g-stth(Seneviratne et al. 2010). BT
W 25, T B A Abele] AER Y dEue e v BeHAl vebrdtt
(Seneviratne et al. 2010; Figure 2—1).

e

7
_/_[':
9

= &ol 1 > . ol
74 grol AA # ztol7k s = Stk a2yt HEE Tkl flofl AFSE viel o)
AEL Y FEdo] AR o] WMFE et 7hE A B7HE IS 4 Qlvh
@ Shte] WEThs dEfshs AR of2] HEE
ol ¥ 88 5 doH, B Wye 944 e w8l S

al., 2012).

A

]

20
=
g
=
]

Z

el

Rhee et al. (2010) TRMMO 25| 752, MODIS ¢ A3%Ed £k} 24
AF & oAy WHFE Zfete] dxst A W o}t F&F A 7HEE] AdH
= gyFow IAskE 594 7He X590 Scaled Drought Condition Index (SDCI)
= MEsiglon o] Agvt e e w2 At 9leS Btk APECY]
FAIE](20132) = S FdoryE Ay Sbs sk 2] el
2k2 o)FoRl A7 {u w2 AHAE Rold, wEhA e e W7 9

[e]
o
Aol -85 2Y 5 QlaS Bt (Figure 2—2).




(a) (b)
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TEi nmcli:giéure Precipitation
increase

+

+/-

Figure 2-1. Processes contributing to (a) soil moisture-temperature, and (b) soil moisture-precipitation

coupling and feedback loops (adapted from Seneviratne et al., 2010, recited in Rhee et
al., 2015).
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Legend
[ small Watershed Basins
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I o< to20
[ 20<to040
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I <0 < to 100

‘ 2011 2012

Figure 2-2. September P-PET percentiles in Upper Namhan-gang basin (APEC Climate
Center, 2013; recited in Rhee et al., 2015).
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Mu et al.(2013)= MODIS?| A Sy, A4 Sk, NDVIE o]8six A
AFAo R 7hHas 7ANE] Y3t Drought Severity Index(DSDE  #|ekslsiom,
Zhang and Jia(2013)x= X7t A998 7S 7hadt 2L W] Thes AAISH
98 TRMM % A=9 AMSR-EQ] B ¢ #Ax, AW 2% AsE Afst
Microwave Integrated Drought Index(MIDD) & 7Wslith o] dHhox 94 AAF A
BE OlG% B2 Tha A7k EEAL Sl

FEAR 7 BV 9 HAE e e 94 9 AR 8 okR VRS ARE
HEE gefeAl &8sh= Zlo] viEAsith oA G A, ¥ AR, 2Y A S
7RG ARE ASA0R AYet] The AR T Alelee] SAlekET), v=e
United States Drought Monitor (USDM; http://drought.unl.edu/dm), ®|= 7]%=
Al (Climate Prediction Center; CPC)<2] Objective Blend Drought Index(OBDI),
u)=k XA ZAFF(United States Geological Survey; USGS) 2] Vegetation Drought
Response Index(VegDRI; Brown et al., 2008) s°] )t}

USDM=> "= ool tisfiA] w5 7Hae] Amel 331491 HelE ARR AT
= 7hr Al AlAEolty T AR 6718 T wuA]) T AEENE SEe
b, = A5 7Rke] PDSI 3l Hd oi¥] H]l&(Percent of Normal
Precipitation), SPI, USGS®] &7t 5 g, CPCe Rl Ayl EQkri W&
3 el =ES VHIZE olo] &l Hx AEEs CML A AF
Keetch—Byram Drought Index (KBDI; Keetch and Byram, 1968), A5A 9, &
T 9, Ak 9, 53 BEfTE AR 5] 2holm, mlm ARl tisix= Atet
x| AAMol & SRS =A%) Y3t AAAdH A= (Natural  Resources
Conservation Service; NRCS) ] Snowpack Telemetry (SNOTEL) #5 A&7} 5
7t o2 ARE-ETHSvoboda et al., 2002).

o

o

USDM ol gt ARl 7ha A3 ol9loll ml=e] =7 s Al
(National Drought Mitigation Center; NDMC), &% (United Stated Department



of Agriculture, USDA), CPC, =7}7]%A=A1E] (National Climatic Data Center;

NCDO) 2] 71 WE7hEe] FaA9) 2dg Bael] aank A8HE 718 ARS

I 0|59 x3 Al B8k TRl o] AerbEel dsiA AR E=d, 77 g
]

2

AAREo] Q= OBDI & ¢Hs] AdA el 718 oYt} (Svoboda et al.,, 2002). “121};
OBDI®] A9 7Fsx7F dallA 7
T %i *3*% T A Ao F

off wpe} A7t

mitel] FFol Al 7he AgE Aitete 2 o
T 7R Bkt she 7] AR A=

5]

VegDRI= 7Hao® QIgh 2Ae] AEAS S4sk=d], ¥ AR 75| SPI,
self—calibrating PDSI(Wells et al., 2004), USDM<%} 97 A} 7|6Ee] A4 2|4&
Ql NDVI, Percent of Average Seasonal Greenness (PASG), Start of Season
Anomaly (SOSA)E ol&3tth &gt B4 vH/EA o), =g 7Met o I
(Available Water Capacity; AWC), ¥/l WA 52 g4 JHE LEsirk
VegDRIE= Ed#-S 98] Supervised Classification and Regression—Tree (CART)

24 S AHgaha 9

3. 94 SAE &83 7HE 95
3.1 71 ¢1F 243

7Fe BAE Bl AAHreal—time) e AR near real—time) O 2 AYALSH
7ha AEE AZIAESt SAAR] 7He tiA ol REEA] Faatt) o]of obA] 7HE Ay
off theh JR7} ARl Folxivkd 7HE dsliE Axkebr] flsh AHdS grsta a8
S fle AFE A9 7HE F8llE Hase 7 S Aotk T A5 REEE T
3l 7ol WAsk] Aol 7HEe] B T A S o2l 7HE BAS cSste] ke
T xRl tiekstAl &8 s 7)ol keI Qlck

O

Mishra and Singh(2011) & 7H <& 2d™o A 945 71 7V
=

A, 715 A e, AR Wrsledl Figure 3-1), °f &

2 AL KRS 28712 LAl - 1 TIE e 27



= 5staat ek 7R @l wheh AEnh MEelx dHd niel o] 71gEHA
7HES] Aol AEke] S8 Wgon, BEYSE JHECsdE 7)) AE $lEiA

4
© B, 548 7gF 78 Wk s e AAE ek 1 AT
Sl 5o ®Wa7E ToEtth Ty AR ASVIRY THe 9FY] 374 w9 T4 ke 5
A EES] fEiME oY WsE Adsie] ARSAY T AlE E8e]E st
a1 AlFFHEQL B4 7 S=8stt). El Nino—Southern Oscillation (ENSO), &=%
& (Arctic Oscillation; AO) 52 tiiFE 7|5 A|]4=(large—scale climate index)+= 7|
AA ARE A oo AVNAQ] 7He dlSss S8l €8 < vk T oS R

s
o=

MECER 39 vd, AAY wd, HF 2E A7 vd, selnels nd So g

=

=l (Figure 3-1), 449 WHE2 7hae d&skel] f3k o8 wipss =59

o,

-

3.1.1 39 74

39 RERE & a ok e AHE dEslels 4F i wgE s
o, dubgo® A= gk 7] SPL 59 7HE A, Had 9 Z Ul =
S2E T (crop yield), $14 FAdolM =EE NDVI 53 22 @“@ A5 = A
gtk olHdt Hi WFE 39 WA T wsE Ay, 7HEe B gl 1
o FEE T ATE T, B 5 22 o] SR HEE 59 g
2 AAste] Rdgs stk 3 o2, 7R el U ek o5 AR
o] g 24BN AE 1] $dl Leilah and Al-Khateeb(2005) &= T

&
A (simple correlation), A2 24 (path analysis), Tt A3 37 (multiple linear
regression), WA 3|7 (stepwise regression), 221 ¥4 (factor analysis), T/3%

2 (principal components analysis), 5 4] (cluster analysis) 5% 0%31 FA A

s -1
A PHES ol 83lel nlusigizdl, o] F E AY 29 B Bi) de mae
T WF k0] 98%E TStk



3.1.2 AAE 74

AAY REl2E Autoregressive Integrated Moving Average (ARIMA) E23} 7]
A W == A 7k 81784 (nonstationarity) & 1123+ Seasonal Autoregressive
Integrated Moving Average (SARIMA) ® 42 Wo] ARg3Itt(Mishra and Singh,
2011). 7k A5e fl8 A8she B 7hae dslehs SPI 3 22 W9 A
ALDE olgste] A 713ke] #5 ke ARgSte] o= e A oS AR ke
A5 Erk Han et al.(2010)9] A7E o= AvEd, 94 4 As5=27H
Vegetation Temperature Condition Index(VTCI) A4 ko] AAIL-S 3671 ZAlo
i} =53 v ARIMA B4ls 75sto] 7ha oS ZddS 36t

Hydro-meteorological 1
Variables

Rainfall, Streamflow,
Temperature, Evaporation,
Soil-moisture, Groundwater level,
Reservoir/lake level

—I Output I—

—1 Drought Indices |_

Standardized Precipitation Index (SP1)
Palmer Drought Severity Index (PDSI)
Crop Moisture Index (CMI)

Surface Water Supply Index (SWSI)

Methodology

Regression models
Time series models
Probability models
Neural network models
Hybrid models

Lead time

Initiation and termination
Nature of severity
Probability of occurrence

—| Climate Indices |—

El Nino-Southern Oscillation (ENSO)
Sea Surface Temperature (SST)
Southern Oscillation Index (SOI)

Pacific Decadal Oscillation (PDO)

North Atlantic Oscillation (NAO)
Inter-decadal Pacific Oscillation (IPO)
Atlantic Multidecadal Oscillation (AMO)

Figure 3-1. Components for drought forecasting (adapted from Mishra and Singh, 2011).
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73%& (Artificial Neural Networks) EE:- QI7Ee] 37} 0]+ JRE A
37 %ﬂ il ddEe] Sle wHES ARk ARl S Rojste] sidE B

9 (Jensen, 2005; Figure 3—2), AE3HA Al Ast 3-8 (fault—tolerance)
g 8kg ofgks B Aol 7b il Ar|seA]l Ass ddsh] dH S53kd
Ax=, 7 JgEE 47 (dendrite), AAAEA, R EYEE F2HE7]
(axon) &2 TAEO] Jlom FARET = AMAE Sall v 7] dEr]el 949
o Rl AR BEE olst yxE Eiste] Z7be] o] &3t o E AAske
%] (threshold) & 7F<™ obE<l 1= ARIF 24249 7lA] (weights) & 74 23
E Aro® A4

Input Hidden Output
layer laver(s) layer

Newron (@)

® ® o —

Spectral reflectance,
texture, clevation,
slope, aspect

Thematic
map classes

Figure 3-2. Components of a typical Artificial Neural Network model (Jensen, 2005)



Morid et al.(2007)<> Sl AAEE o188 7ha ASE w3, 7has 4
Folshs 53 HEE 8 7He A4 (Effective Drought Index; EDI) ¢} SPIE A%
st 59 AFEs A oY 713 5, Southern Oscillation Index (SOD 4
North Atlantic Oscillation(NAO) &} 22 thatR 719 A5, Z8]a #7 717k EDI
¢} SPIE ARESISITE o2 71354 SRl tisto] vafst 719 Qle AT BE
= AP, vwA e 750 Bdlo] ke oSE bl sk, of

TR 71 A5 ok 2 98E wolX) ik

3.1.4 JAERFEAE 24

JAPEAREA] S (decision tree) WHE2 X2 7|WHknowledge—based) &7t Al
&l (expert system) 2] Y4Fo=, 7M1, & o]8eto] U HAE 7 W
e g ow wolse] AvE Ak Wtk(Jensen, 2005; Figure 3—3). 73S 7
o] SlEA Y 20s AR, ARt ARl disixe Aldgelx] 71AIs
% (machine learning) @ &7 #ARAIE] Agsidich SAMAAEA RS 52 &5
(classification) %! 3]7] (regression) ¢1d], o] 2&S Fa Azl sh= Ay} EA%

QAP BH BHe BF/L A, A5 FAE A ke A3 A7 Ak

|

=3 @ olgsto] 25, 45, 659 TR ARBAHtime lag)& M= REE T,
7ha AdH 9 AE R dS0] ThseAl Sl ol Slsl arE 7Rk 219 24

T (rule—based regression—tree) R @& A5}



Hypothesis 1

The terrain (pixel) is
suitable for residential
development that
makes maximum use
of solar energy.

Rule

Conditions

slope > 0°

Specific combinations
of slope, aspect, and

proximity to shadows
result in maximum
exposure to sunlight.

slope < 10°

aspect <220°

|
|
aspect > 135° |
|
|

shadow = FALSE

Figure 3-3. A decision-tree expert system with a rule and conditions to test a hypothesis
(Jensen, 2005).

3.15 A7) o945 7d

715 A7) AS RS A, ] 25, A 5 58 veket Wl ik 3~6
M A AS AR 715 A5 g AABHER o] IS THE oSl &8 -

Atk =dlells APstEo] AL Sl ThE oS AE7F glen, ml= National
Oceanic and Atmospheric Administration(NOAA) 2] 7]ZS e AlF3stal Sl
= A 7He A (seasonal drought outlook) & & o A& 4 itk AE 71
A A3E BAkshr] Slall AREE Y Al 79elSAE Y] i 5 9 A
W 3E A7) dS, 713l SAlE] (Weather Prediction Center) £} 7]15-| 541 9]
G575, BT B Ay 92 2d A, 0E sl 5 W
A7t g5, 7157k (climatology), 7] F7 (initial conditions) 5°] ATHCPC, 2014).

2

7% A7) ol Wl Aaks AMgslel AN A1B ol ARE 2% =eAt 1
olaffslar ARgalr] fIsiA Hedt Pz A7y 7% Ft) Steinemann (2006) <
7% wpskat ALEHQl A 7he] ARE Zoly) Sl A9l PSS o ME
FAFE AAEF1 AL, Forecast Precipitation Index(FPD & 7Wste] 7l o5 A3}
AA x gl HA AR =T Sl
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o1g3te] APHE 7HE AFE olgsiglom, 94 G EEF WS i) oA}
9 e AR gl B3 AR AR AukE olgallr Eat U A o

I

= 9 AR A RIEE ES Asstaat sielvh
(Pearson’ s Correlation Coefficient) r %2} ©]
of Z&shs BlEST A #d A &9 AT (Kendall' s rank correlation
coefficient) ¢ %k, 2= 3etd 4= 9)+= Root Mean Square Error (RMSE) %%, Mean
Absolute Error(MAE) #t2 7-sto] vlusiqlth

r= ’ ; - (Eq. 4-1)

(numbero f concordant pairs ) — (numbero f discordant pairs )

T= (Eq. 4-2)
Lnm-1)
2n
RMSE = %Z(YI—YI)Q (Ea. 4-3)
i=1




T ZAEE v5F National Aeronautics and Space Administration (NASA) £}
olX Japan Aerospace Exploration Agency (JAXA)® oJ8] ¥Eo =2 7ts]o] 1997
WHE] A5E A48 Tropical Rainfall Measuring Mission (TRMM) A&E5 ARE-3FS
t}. TRMM®] Precipitation Radar (PR)< 72 o8] 52 Filste] #53to =24 )
29 4% 5& #Es 5 glon TRMM Microwave Imager (TMD = A9 9 of
JollA Hhits= mlola 2 s ouAE B5ste] 7571, 759 & A A AEE
JeFslettt(Figure 4-1).

o

N

Al NZE ] A A5 TRMM 3B42 AF5$) vlsr NOAAQ] 7|5 ZAlE] of| 4
AAF8E Climate Anomaly Monitoring System(CAMS) AX|- 22} e 73 A5,
Global Precipitation Climatology Center (GPCC) ] AT 74 35 A=E Agst
24 919 A AsQl TRMM 3B43 ARE o] &afqlth. 74 W9ls 50°S~
50°N, 180° W~180"EolH, ¥3F %= 0.256%0.25° ofv}. ¥ Am= AHd &=
(Equirectangular projection or geographic projection), WGS84 H|°]¥ (datum) O =
F95o] 9leH, Hl5 Goddard Earth Sciences Data and Information Service
Center (GES DISC) ol 5313t

i

e

&

2] A

=R 7}

P
T

Al
ofof]

3B43 Atmi mm/hr TR Al g =2 month ©9] 2 = o™
Ao uet FAE e ol8d RS 1, 3, 6, 97hE Bt 2]
= TORITE B Ve Al 2 oS 2 U] 888 s VTS
W2 AAL e FEsilon, Bdeid 2 e g8aky] S8l '@

&to] 5x5km ZAztel| thell 4= (resample) kAT

oY

off
)

o

B

2014d 7€ 8¢ 01?3 TRMM?S] $1x=
ZJato] 109 74 o]¢=2+= PR A=9] AlFo]

Aar] 9% du HHow uw) &
A=At wehbq ko7 TRMM A=
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o] Ak Brke Zlo® welt) 1eu 2014 2€0] NASASE JAXAe! 28 Al
A 2 7P A5 S xR o= AAksE ] 915 Global Precipitation Measurement (GPM;

=
A7 WAE FR 45Y Bel Qo] AW AME ART AL 4 S Zol

TRMMS Ao Wt 7 || Z - 31 50 750 H53 vhd GPMS 19% A
]

Precipitation Radar

LIS
Lighting Imaging Sersor

CERES
Clouds and Earth's Radlant Energy System

Figure 4-1. Diagram of the TRMM satellite and instruments (Source: pmm.nasa.gov).



Global Precipitation Measurement Mission
Core Observatory

High Gain |
Affena GPM Microwave
Imager (GMI)
[ Avionics / Star Trackers ] / 7 :

Propulsion Module /
Reaction Wheels

TR T
'L FrECPmanon wEASTERG

Solar Array

Solar Array

Dual-Frequency Precipitation
Radar [DPR) Ku-Band (13.6 GHz)

—

Dual-Frequency Precipitation
Radar [DPR) Ka-Band (35.5 GHz)

gpm.nasa.gov

Figure 4-2. Global Precipitation Measurement Mission Core Observatory Satellite (Source:

gpm.nasa.gov).

4.1.2 AZHXE

!

AFHLEE 1= NASAS Terra $14¢l &AlE MODIS AlX=2HE AJikd
Level-3 ¥+ A%< MOD11A2 Land Surface Temperature and Emissivity
8—day L3 Global 1km AFzelA] EE33ich & A58 ARE s 84, #3F al
T Ix1kmol® 9 ©¢] zkE<Q) MODIIALCA 5 $is 22 A8 3 Fvsto]
kst F#1F A AR e} ogE AW 55 % AlEshH, Sinusoidal EHOE
FouEo] gl AEE vl NASAC] Earth Observing System Data and
Information System, http://reverb.echo.nasa.gov(EOSDIS) o|4 &53}3it)

Terra 917442 1999 124 18%Uef AR o] 2000 2€ 24U%H 55 F3I8)

2 AL KRS S 712 LAl - ol 71& e 37



7] AFEEIE o R R ARHSEE 2000 3€ 5YUNEH Xﬂi%ﬂr. ASTIR! (descending
node) o149 A% F3 AIZR
S AZRE @F 104] 30%0
4-3, 4-4). ¥ A5+ 8Y A 3]1’6}5% T PR A v‘i"—."ﬂ ARgs7] flsl 2F 4
of dshz & TE VAR ARgstel 9 ARE Agelelth st A Akss
PR E 7R Al B oS B sdkel] &8-8 ¢ QleE V1 HSA f1A] o] wE

AAYE Fhe FESIGICH, ATl B A5l E8ahr] 918 wEk Aol thste]

o},

5x5km ARk thal 2] W= (resample) 3+

MOPITT

Figure 4-3. Terra spacecraft with instruments (Source: NASA).



TERRA PREDICTED 5 IRUARY ¢ DA 46 3 (ALL TIMES IWN UTC) HMcIDRS

Figure 4-4. Sample Terra orbital tracks on 15 February 2005 (Source: NASA Distributed

Active Archive Center at National Snow and Ice Data Center; nsidc.org).

Terra 9172 ARE gk 6 do® AgElore £zt rgo] v == glvt wh
A 2011 10€ 289 ARE o] 55 A1ZsE NASA ] National Polar—orbiting
Operational Environmental Satellite System Preparatory Project(NPP) 9
A 2kg gl g% AEE NOAAS Joint Polar Satellite System(JPSS) =2 7313} ¢l

Alste] Az Ak @ B9 AL FAstoloF & Solth

4.1.3 FF

= v O

A FkF(Actual Evapotranspiration; ET) ¥ 4] S2HAFF (Potential
Evapotranspiration; PET) A}&i+= Penman—Monteith WAAS 7]%2 3 Mu
et al. (2011)¢] &ag]F& o838kl vl= NASAS Terra 91l HAlE MODIS
AM ZHEE A2k MODIS Level—4 #A5<2l MOD16 Global Terrestrial
Evapotranspiration®|A] =%l tH(Figure 4—5). MOD162] 8, ¥ A7 A5

A AL RIRE B8 7HE ZAl - oS 712 e 39



Evapotranspiration®l4] E&3FtH(Figure 4—5). MOD162] 8, ¥ A7 A8
< 28 ARE ARSI, e AR 33t s 1><1km°]5_’ th= MODIS
x2F ke vRRPHAE Sinusoidal £ 0% FYPE0] itk AE= vs SHY T
st (University of Montana) ] Modeling and Monitoring Ecosystem
Function at Multiple Scales: Numerical Terradynamic Simulation Group

S Ho| x| oA 55T (http://www.ntsg.umt.edu/project/mod16).

alr temperature

Al

\

N Evapdmlraton

et fadiation - Achial soil

evaporat\on

|- evaparatian

Poientiel soil
Evapdration

8-day, menthly, annual

Remote Sensing inputs Meteorolegical inputs Intermediate algorithm calculations Final algorithm output

Figure 4-5. Flow chart of the MODIS evapotranspiration algorithm (Source: Mu et al., 2011).
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1z WPE} T SRS olgE =S 1, 3,6, 9 H% &<t 74 kY
& e Teglth g 7k A 9 oS BE v &8 ¢ RS VdESa

Al mE AAIE e FEsiier, A B ATl 28shy] sl Eet Al
=t

1 : 2
ol tf5to] 5 x Skm 2ol e € BE (resample) Sick
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4.1.4 Jal-swﬂ o g_i/\].%

B g B3 AR (Fractional Photosynthetically Active Radiation; FPAR)2 4]
u]= NASA9] Terra 9143l BA1% MODIS AAMZ5E Aibd Level-4 3 AHuQ
MOD15A2 Leaf Area Index (LLAI) and Fractional Photosynthetically Active
Radiation (FPAR) 8—day L4 Global 1kmollA =ZF3Fitl A ¥H %9} vz =2
2 A=E] AIRE s 8Y, w1t dd = 1 X 1kmelH, Sinusoidal =R O2 £
o] gt Am+E= w7 NASAS] Earth Observing System Data and Information
System, http://reverb.echo.nasa.gov(EOSDIS) ¢4 &=35}%it}

21782] ¥ (canopy)©] F8to] FE shztl 2ol i Jo

= S48k A5E % D= AFHh FPAR AMS 918 dargs

Aol F3E ol = I ]EI_ 25 A9l v R 8 ARE AR #
Z} o djges & FE VAR ARgSte] €

A5E Agksllek. 83l 7He A 9 oS BE el 483 ¢ AT 71HS

A Ao & AAYE dhe FESIlen, @Al Bd A5l &8ebr] flal wEt

o] tjste] 5xbkm ZAfef| thsl] 2] (resample) ST

4.1.5 GUIA|F

&A= (Leaf Area Index; LAD <+ FPARS} 7] MOD15A2 Leaf Area Index
(LAI) and Fractional Photosynthetically Active Radiation (FPAR) 8—day L4
Global TkmelM =ZsIgivh wpAd ARE aldies 8, 33t aldies 1x1kmelw,
Sinusoidal EHO =2 Fro] Qit}. g+ vl NASAQ Earth Observing System
Data and Information System, http://reverb.echo.nasa.gov(EOSDIS) |4 5313 c)

LAIE #lo] @Az ¥ %= FPARC -8k #ho =, Xd Wg 5 s u
= xﬂ%}%‘4(m2pl.21r1t/m2gr011I1d) 9 Ao AREsh] flal ZF el
ThsA 2 ARESte] 8Y AimE €E ARE ddsiloH, T A

g
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4.1.6 AR

2128#)4=91  Normalized Difference Vegetation Index(NDVI)$} Enhanced
Vegetation Index(EVDE Terra Aol =A1E MODIS AAZHE ArksE=
Level—3 %+ A=<l MOD13A3 Vegetation Indices Monthly 1.3 Global 1km Z%
E] E%ﬂ?ir/]r. 7t A EE 1 X1kme|™ Sinusoidal EHOZE FHEHo a1, A=
oAl 1= NASAC] Earth Observing System Data and Information System,
http://reverb.echo.nasa.gov (EOSDIS) ¢4 &53}Th

Aaga} 2N olgate] AEE ATFAAXFNDVD e talHE 23l
QUL EVIE 349, 443, 2494 f;; A g3l B 28, & Bo2 o

(PN[R - pRED)

EVI=2
(L +onmmt Corpp T CzPBLUE)

(Eq. 4-5)

o), p & 7] A=9] HRAFE = x| HoM 9] WA (directional) HHAFEO|H, L
© 93 wid aE 2Es] fst wiHS, C g Co= AMEY olo2E adE
wgst7] {18l FAFS @ AREE o) 2ol= ZleA|o]tH(Liu and Huete, 1995).

EOFFEE-S Aqua YA &AlEl Advanced Microwave Scanning Radiometer—

EOS(AMSR-E) ¢/42] Level-3 ¥+ A=<l AE Land3 Surface Soil Moisture =



HE EESIth 2 Ams 9l AuE oF 256X26kme] ¥t EEE THAL le
H, skl F W Augd B sugedr B gES S49E AR+ Cylindrical
Equal—Area Scalable Earth Grid (EASE—Grid) £ % Fojxo] 9lom g/em’e]
G2 AlFETE Bt AkEis v= NASAC] Earth Observing System Data and
Information System, http://reverb.echo.nasa.gov(EOSDIS) oA EE3&19ic}

ro

m

Aqua 9143 2002'd 59 4Ll TARE o X F)e) AE sHAskaL gltk o]
% Atmospheric Infrared Sounder (AIRS), Advanced Microwave Sounding Unit
(AMSU), Clouds and the Earth’s Radiant Energy System(CERES), MODIS+ o}
A 2AmE 2 Aleta ltk(Figure 4-6). AMSR-E& 20119 109 4% <kl 2
& TAE QlEl t o] ARE AAreA =t oA ®1A AlM Q1 Humidity Sounder
for Brazil (HSB)&= 2003 29 #-go] TA|EATE Aqua 91482 Zaslere] 2w
S AR 2 1A 302, suelde] AR F3 AREE 2% 14 30%e|t

(Figure 4-7).

B ARE 98 AR SRS JHER 9 B4 AgS] Sl 98 B

S A 5 8 of W oFe B R ARE 98 04, oF, Juln 3
TR R AR WICh A M A W o me ) 883 5 9k
S VguEs 7o) HE AAG ke FEHO, BT vE 4F) B

7] S8l Fet dedell thstod 5x5km ARl thel 2] 4E (resample) SF3IL.



Aqua’s Instruments

FEERUARY _15 L DAY 3 TIMES IHN LI McIOAS

Figure 4-7. Sample Aqua orbital tracks on 15 February 2005 (Source: NASA Distributed

Active Archive Center at National Snow and Ice Data Center; nsidc.org).



Aqua $14°] AR At AA] 6 d R AlFEe] Qe R Terra $1/37 vixbrt
A @ ZZE o] vk 5= Qlth, AMSR-E+ 2011 99719 Akgylel| gkl
FRo skor o] 94 At 7IRke] EGF 4 AkEas 201569 1€ 299

Zskal i
AL o9l Soil Moisture Active Passive (SMAP) 25E €& 4 1= Zo|t}. SMAP
2 5= npo|3 =y} AlAl Synthetic Aperture Radar(SAR)E} —’F«%—‘% IS A

xk

3
AXQl B (radiometer) 25-E] 0] 222 Adlsto] pmaltEe] AFote o =34
25 AAkE Folt) SMAPO] A% F3 Al 24 6419 2% 6/\]013}. SAR =%
B]9] A= 3X3km, BAMIRREIS] A2 2k 36 X36kme] B3t INES 7HAH
o)=L Ad3st Level-3 B 58 289 dAHEE 9x9km 7} = Ao}

b
G

47 gAF 71 T Al
4.2.1 EAYARE

A G 7N Tk AgE APEE] 918l Terra 914 9 Aqua $14del HAE
MODIS AIAZHEIS] Level-3 ¥+ A2<l Nadir BRDF—Adjusted Reflectance
16—Day L3 Global 1km ZFE WS EE3ISIth Nadirs 91464 A4
o7 ARE 5T o ¥AE] 2 A olE WS dEv R B Ase
Bidirectional Reflectance Distribution Function(BRDF) & o]g3lo] 7 A}
o] #50] Nadir W= o]Fofxl AAH RIS Faf BHTRES 24 Zlojt.
Terra $1%d2] MODIS AlA 2t5.9} Aqua $1743<] #H57) $ AMgE|lom, ke =}
Fo] AZE dEE 169, ¥7F = 1x1km o]tk Egh 2k Sinusoidal =9
o7 FYHa, "= NASAC] Earth Observing System Data and Information
System, http://reverb.echo.nasa.gov(EOSDIS) 0|4 &E353itt

R

MODIS®] 367H e F 7709 BmRRRAEC] AlFET 16U Arss 2 Ao AL
4317) 93l 7 Lol AGss G 2 JEAR ARl €9 Ane Aesigict =
b AR RIZIAR T A 9 oS B el 283

ar
PN
T

2 F e Sy
Zh A B AAYD g2 FESGoM, BT B PFe] 2] 919 o



3t ool thste] 5x5km AR thal] 2] 4= (resample) 3T
4.2.2 27 A} 714t 7 A9 AHY

A @] EHENREEE olgste]l 78 & Sl 7HE A9l NDWI, NDDI,
NMDI®] A& 274 2708kt Gao(1996) 7} 7Hdkst NDWIE= 0.86pm 221241
(NIR) 993 1.24pm @9} 294 (SWIR) Y995 o]&3i3ie], ol MODISE] W=
29} Mi=50) slgsict.

Rhee et al.(2010)& 7 7JHiE B718k7] flel NDWIE AR-sh+ MODISS
SWIR == wie5 o]elof|e W=, Mi=72 ARE-lo] A=t w2 %o 4 )
W3h= B5 7ke] JHE Al wleh W=y METS ARSSE 9 WiEsE AN
SR 7HES] AEIZE & Eefth 2 AFtelx %= NDWI, NDDIC] 4Hgell glo] mi=5
ol9lo = WREG, WAT=TR ARESIRlOm™ 7}z NDWIS, NDWI6, NDWI7 2 NDDI5,
NDDI6, NDDI7Z 3718}tk NMDI= MODISS] wi=2, wi=g W W=7 AR5
=4

4.3 #F A=
4.3.1 EWNEA=SAE

A7 Bl 7k A2 AFAE AR, B AR 7He] JHE A4S Al
7 B7Fe] HEE ARSE] fIsiA 71l 9 d= (Automatic Synoptic
Observation System; ASOS) A&E 53l th(Figure 1-3). $HMEE Tt x99
7971 ASOS #5 A -7 Hok xle] 277 #5 A el s 1980~2012112] ¥
A A, Hals Fet ARE o8tk (Table 4-1). 53 A8ws &

& Zol|x] 7)Ao ® ATek 3A7F Telo] e s Asksl Aolt)
4.3.2 KoFlux A&

 ATeME o8 G T B e ARm B A B dde Ak B9



¢} AXhetw XA AT 27 2000 714438 2] TKorea Monsoon Experiment
(KORMEX) A3 &8 #Ane] F4ve] 9 AW Esh Al F3s] o8 45
TE Hrde] 2L #5 BWlE SR AgEgleH, 20029 KoFlux7h
Aoz FHsh oprlo} EYA AFR] AsiaFlux & AR EYA A5
FLUXNET®] g4} A=A (AR, A5, 2010).

Table 4-1. Weather stations used in the Korean Peninsula.

90 Sokcho 38.25| 12855 | 18.1 232 Cheonan 36.77 | 127.12 | 21.3

95 Cheorwon | 38.13| 127.30 | 153.7 | 235 | Boryeong | 36.32 | 126.55 | 15.5

98 | Dongducheon |37.90 | 127.05 | 109.1 | 236 Buyeo 36.27 | 12692 | 11.3

99 Munsan 37.88 | 126.75 | 29.4 | 238 | Geumsan | 36.10 | 12747 | 1704

100 | Daegwallyeong | 37.67 | 128.72 | 772.6 | 243 Buan 35.72 | 126.70 | 12.0

101 Chuncheon |37.90| 127.73 | 77.7 | 244 Imsil 35.60 | 127.28 | 247.9

102 |Baengnyeongdo|37.95| 124.62 | 144.9 | 245 Jeongeup | 35.55 | 126.85 | 44.6

104 | Bukgangneung | 37.80 | 128.85 | 78.9 247 Namwon 35.40 | 12732 | 90.3

105 Gangneung | 37.75| 128.88 | 26.0 | 248 Jangsu 35.65 | 127.52 | 406.5

106 Donghae 37.50| 129.12 | 399 | 256 Juam 35.07 | 127.23 | 74.6

108 Seoul 37.57| 12695 | 858 | 260 | Jangheung | 34.68 | 126.92 | 45.0

112 Incheon 3747 126.62 | 682 | 261 Haenam 3455 | 126.57 | 13.0

114 Wonju 37.33| 12793 | 148.6 | 262 Goheung | 34.62 | 127.27 | 53.1
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Station | Latitude

Name (dd)

115 Ulleungdo | 37.47 | 130.88 | 222.8 271 |Bongwhoa| 36.93 |128.90| 319.8

119 Suwon 37.27 112698 | 34.1 272 | Yeongju | 36.87 |128.52| 210.8

121 Yeongwol | 37.17| 128.45 | 240.6 273 |Mungyeong| 36.62 | 128.13 | 170.6

127 Chungju 36.97 | 127.95 | 115.1 277 |Yeongdeok| 36.52 |129.40 6 42.1

129 Seosan 36.77 | 126.48 | 28.9 278 | Uiseong 36.35 | 128.68 | 81.8

130 Uljin 36.98 | 129.40 | 50.0 279 Gumi 36.12 | 128.32 | 489

131 Cheongju 36.63 | 127.43 | 572 281 | Yeongcheon| 35.97 |128.95  93.6

133 Daejeon 36.37 | 12737 | 68.9 284 | Geochang | 35.67 | 127.90 | 221.0

135 |Chupungnyeong 36.22 | 127.98 | 244.7 285 | Hapcheon | 35.55 | 128.17 | 33.1

136 Andong 36.57 | 128.70 | 140.1 288 | Miryang = 3548 |128.73| 11.2

137 Sangju 3640 | 128.15 | 96.2 289 |Sancheong 35.40 |127.87 | 138.1

138 Pohang 36.02 | 129.37 23 294 Geoje 34.88 | 128.60 | 46.3

140 Gunsan 36.00  126.75 @ 232 295 | Namhae | 34.80 |127.92 45.0

143 Daegu 35.88| 128.62 | 64.1 | 47003 | Seonbong | 42.32 | 130.40| 3.0
146 Jeonju 35.82 1 127.15 | 53.4 | 47005 Samjiyeon| 41.82 |128.32 1386.0
152 Ulsan 355512932 | 34.6 | 47008 Cheongjin| 41.78 |129.82 43.0

155 Changwon | 35.17 | 128.57 | 37.2 | 47014 | Junggang = 41.78 | 126.88 | 332.0

156 Gwangju 35.17| 126.88 | 724 | 47016 Hyesan 41.40 | 128.17 | 714.0

159 Busan 35.10] 129.02 | 69.6 | 47020 | Gangkye | 40.97 |126.60 306.0




Longi | El Sta
ongt . Station | Latitude

Name (dd)

tude | vation [ tion
(GGY) (m) 1))

162 Tongyeong | 34.83| 12843 | 327 | 47022 | Pungsan = 40.82 | 128.15 | 1206.0

165 Mokpo 34.82 | 12637 | 38.0 | 47025 Gimchek| 40.67 | 129.20 | 23.0

168 Yoesu 34.73 | 127.73 | 64.6 | 47028  Supung | 4045 | 12493 | 83.0

169 Heuksando |34.68 | 12545 | 76.5 | 47031 | Jangjin | 4037 | 127.25 | 1081.0

170 Wando 3438 126.70 | 352 | 47035 | Sinuiju | 40.10 | 12438 | 7.0

172 Gochang 35.33 | 126.58 | 52.0 | 47037 Guseong| 3998 | 12525 | 99.0

174 Suncheon 35.02| 127.37 | 165.0 | 47039 Huicheon 40.17 | 126.25 155.0

175 Jindo 3447 12632 | 476.5 | 47041 Hamheung 39.93 | 127.55 38.0
184 Jeju 33.50| 126.52 | 204 | 47046 | Sinpo 40.03 | 128.18 | 19.0
185 Gosan 33.28 | 126.15 | 743 | 47050 Anju 39.62 | 125.65 | 27.0

188 Seongsan 3338 126.87 | 17.8 | 47052 |Yangdeok 39.17 | 126.83 | 279.0

189 Seogwipo 33.23 1 126.55 | 49.0 | 47055 |Weonsan| 39.18 | 127.43 | 36.0

192 Jinju 35.15] 128.03 | 30.2 | 47058 Pyeongyang 39.03 | 125.78 | 38.0

201 Ganghwa 37.70 | 126.43 | 47.0 | 47060 = Nampo | 38.72 | 12537 @ 47.0

202 | Yangpyeong |37.48 | 127.48 | 48.0 | 47061 |Jangjeon 38.73 | 128.18 | 35.0

203 Icheon 3725 127.48 | 78.0 | 47065 | Sariwon | 38.52 | 125.77 @ 52.0

211 Inje 38.05 128.17 | 200.2 | 47067 @ Sinkye 38.50 | 126.53 | 100.0

212 Hongcheon |37.68 | 127.87 | 140.9 | 47068 Yongyeon 38.20 | 124.88 5.0

216 Taebaek 37.17 | 12898 @ 712.8 | 47069 & Haeju 38.03 | 125.70 | 81.0

221 Jecheon 37.15) 128.18 | 263.6 | 47070 Gaeseong| 37.97 | 126.57 @ 70.0

226 Boeun 36.48 | 127.73 | 175.0 | 47075 Pyeonggang 38.40 | 127.30 | 371.0
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A7), 0lo] % sato] Ik, 2 el 471w W dnbe] ERe A B el
A Al Tl £ 5 ARE EEdte] 94 4 /1] R AR 9 AH 2

A3}e} v w sk tH(Table 4—2; Figure 4-8). F A
Reflectometer (TDR) Soil Water Content A4 =
% (vol/vol) TH9] 2 A5+ At}

Table 4-2. List of KoFlux sites used in this study.

Ecosystem | Latitude | Longitude | Data Period Research
Type (dd) (dd) Used Institute
Seolmacheon 11\:/Iixed 37.94 126.96 2008 Yonsei Univ.
orest
Haenam Farmland 34.55 126.56 200‘;3(')%006’ Yonsei Univ.
126”9'0"[—: 128"?'0"E
38°0'0"NA F38°0'0"N
Seolmacheon
36°0'0" N F36°0'0"N
N
< 0 50 100 A
s Kilometers
34°0'0" N+ Haenam [
Legend
O @  KoFlux Sites
D Country Boundaries
126"‘0'0"E 128“6‘0"E

Figure 4-8. Two KoFlux sites used in this study.



4.3.3 71% A

Aol wet 7141 7he @42 tiatE 715 Al AeAlE BolZ|® g
53] ENSO= 37 52 A9elM =t dxist ¥AE Hehfl=ul(Chiew and
McMahon, 2002), “d#aA19] s A7 zF X wpe} g=A vepdth &
ATelMs ENSO9F #Hd® ol wsE A3sh this ENSO A5 (Multivariate
ENSO Index; MED ¢} E=%1% (Arctic Oscillation; AO)S 7Ha 7HA] & of| =] o] g

o
)
Ry

71} seke] deago® Qs 2delA 7Td FUIE T A HE I
A o= El Nino$t &l BfsgfollX &A1 ti719ke] kel

st el sl el Wiskel Southern Oscillations ZA3sle] ENSO
JeFstslr] Qg oy A7k lon, B Agtelx= A |

Fol 2 WS A MEIE ARSIt MEIO] AR o4 W= e 7|

(Sea—Level Pressure), A (zonal) % Y& (meridional) 3o +Z <

fru
o
ok
=
es]
zZ
)
O
i
o

<% (Sea Surface Temperature), ¥ t7] &% (Surface Air Temperature) 2}
Z(Total Cloudiness Fraction of the Sky)ol®, FAT A4S T3l A
A W3 TR E MEIE =3ttt 19509 %8 el MEI A=+ #]= NOAA
9] Earth System Research Laboratory QAFo|EoA &ESHGTH http://www.

(M o rE 1% of
Mo

esrl.noaa.gov/psd/enso/mei; Figure 4—-9).

A eF A Gell= A71de] FxsHA "k AOE 74 @9 ARY HAEE 7L v+
Ao g W3kttt (Aquado and Burt, 2007). 1950WFE2] AO A= vl= NOAAS] 7]
Sol=AlE] Srjo|EolA] BE319IL) (www.cpe.ncep.noaa.gov/products/precip/CWlink

/daily_ao_index/monthly.ao.index.b50.current.ascii).
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MULTIVARIATE ENSO INDEX

Standardized Departure

NOAA/ESRL/Physical Science Division — University of Colorado at Boulder/CIRES
1950 1955 1980 1985 1970 18%5 1980 1985 1990 1995 2000 2006 2010 2015

Figure 4-9. Multivariate ENSO Index (Source: www.esrl.noaa.gov/psd/enso/mei).

4.3.4 13 Qi EFF

= Fe RS AR, AR, AR 2L FoE wWF T 4 ks
5ol olell &3tk 94 Ydelld =ES WSS Adste] JiE HE A 9 o5 B
20 AT S8l 1A wiF 9 Fo] FERES o] &aigiEt], AR FERS H7bE
Az (www.kosis.kr), ZAE] Al TR AAEd FAEE el
ST E, 2014). AR AEe U, AEHRE, AEE Addsel o
a4 2003—2011d ERF kg/10a8] W)= Fojxlon, ZAdxe] Al Alss 74
SA, AT, B, AL 24 5 1870 Al thaliA 20072013 E<t
tonne/ha®] @)= A& A} Figure 4—10).
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126°0'0"E 128°0'0"E

Gangwon-do
= (with 18 Si
Kun Ku)
38°0'0"N F38°0'0"N
36°0'0" N F36°0'0"N
Gyeongsangnam-
. do
34°0'0" N pes « F34°0'0"N
. N
O 0 50 100
Y mmmm—— Kilometers

126°0'0"E 128°0'0"E

Figure 4-10. Four SI-DO and 18 SI-KUN-KU provinces with crop yield data
(highland bok choy and radish).

A Pl =ES HEE Agslo] B Aol Adtd 7HE A 2 ¢S To
Agdl 1] S8l A, AE e BAE AFRA MFEEANREY AR ixte]
E (www.forest.go.kr) ZHE E3IE 20039 193E Q] Ak A 27 Aue
AE B A A, ARl B 9w A] o dEo] gl SRl
abEo] WA Ejo] APIQIE, FHE AR 58 AAATIHA AAR AHEo] AUzt WAS
23, ha = AlgHch

AR veiAs daketo] A A WA dp] HlES ARlsigion dde

2 A KRS 2872 LAl - ol 71& e 53



HAL, HRphe olgsto] xEsteto] Aol R wEshd AL AlRE APst

Ak Al *&xl RS R Xl%ﬂ% of oate] A HE RAAR] 9} FH A 4
9] & ol galGl=Hl, o] ARs ARA RN f5slIgink A AR TP HE
o] 2012¢ A= #& Ak&é}@t—rﬂ HollA 547142 Ao WHAo] FU3HA AL
Hom 6€HE 12970 Ul ZAREITE T A= Alele]l £ zlort glomE

A WA o7 20124 599 ke olg3ksith

A g B e AESEARN FY oo ARE WA PPTeoR A
folo] AL ok A WA gt 184 ouw ATSAANA YPTF
=AY FHIE TR QRS FPRE AT AT WAL 1els 9 53
1}

I Q71T A WAL AFSEARA A WO AFg ST

nf
rJ:
e,
o
1o
4o,
-0,
o
=
T
g
o
2
N
1>
)
gl
SE
i
a3
o
oX,
kd

n A, 2ely) 27
w) 9A Az olofd

AelA e AAAS

Y o

L\L
gg
z?r
PN
Y
EI
mlo
k]
A
_0|L
~
o
;Oé'
fl
o
(o,
o
g
K
de o
X
Olt
1z

7He A 2 oS A 871 HEE ARE] flsiAl ASOS AFEE o] &5t
= A= 78K 7He AE APEISItE 7He AR SPI9 SPEIE o833l
ol 52 2Hy T2 27l AAI8] AT

4.4,1 SPI9] A4

Guttman(1999)©] #|ekst thz Pearson Type I SEFEIEFE o]&3sk] 1981
W 1€95E 20129 129714 €9 SPI %k—o— Agsisich HA 1704, 370, 670, 9
N, 127182 AT uE 74 Zred AAES 2 AAleila, €EE -2
HE Fro] A EIY L-EWE 3 ’L’ﬁ@
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oot Wi/ 2L 93 7+ 7|7ro 2= 1981doA 201097k 30 Eere Af
|31t

4.4.2 SPEI®] AHY

SPEI AHgefli= SPEI A& 708t Vicente—Serrano et al.(2010)©] 7i3tsto] wj
X3+ SPEI AHS 913 R 9i7]%] (% 1.6; http://cran.r—project.org/web/packages/
SPEI) & olgalqlth. WA ekt SdAikee] A& ste] 1714, 37049, 670€, 9
N, 1270 e] ARH )] wE 4 AADS Atslale, o] 7 IAE S Al
Al Hu 259} HA 55 npEko R ul=r FAO(Food and Agriculture Organization)

oI B-gaek= F44<Q Hargreaves W7g4= o]-&3kal 3lvh

SPI A3 FARE 385 A SPELE ARteiledl, & 74 A5 AAE diAl
[e]

off A=t LA 2ke] 74 AIAID] AREEM, Pearson Type 1T SHELE g

thxlef Vicente—Serrano et al.(2010)©] X3t Log—logistic &L= AE-3}
Stk A 1981l 2010d7k4] 30 B i7is =58 §3t 7 VIRte R

ARSI, 1981 1€5E 20129 129714 €9 SPEI #2 APgsisich

45 AW A5
4.5.1 AMEL A2

AW E (Land Surface Model; LSM)2 &bz o2 7|5 el Qlojlx] X|H o] EX]
9)E(Land Cover Change; LCC)9l %7 =
2003). A9 qtEE AHolA dojt M= He] #go| tis R 7|5 WIlE

11—

2 % ks 7150] EA3THPitman, 2003). AW WE= 2, ouix, Ba
ol QL PHH 715 DL ofyle] U WSS E J1F T Q] AuE

dlo] HE=A] & Q 8FtH(Pitman, 2003).
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=

Manabe (1969) ¢l 2J&ll 7ikdl Arsdo] AlAd Adrde|zta & 4 gl
skl oAl skt iR REE VW, A wsht dRiskE aEskA] ok
E}(Figure 4-11). A2 AAR L Deardorff(1997) o2& N= k. 2 5=
R, F SR o]Folxl EeF Rdy g o] A4 nds xFskal Qlrh(Figure
4-12). E¥ 25, EY 78, TUFY B A8 Wiy o5 JBAAFICEM
A2A ) AEEEe O1F AHe] EEAR] 7S JNAAIA ALA AHRDE 95

oo
st s

S RSl

0{}1

sensible latent
heat heat
T, er reference

height

aerodynamic
pathway in
lower
atmosphere

fixed surface
properties

max—

bucket
hydrology

runoff

Figure 4-11. lllustration of a first-generation land surface model (Source: Sellers et al., 1997;
recited in Pitman, 2003).
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- e Ao ea] surface

Tunoff ¢ root zone

variable soil layers (= 2)
A

Figure 4-12. lllustration of a second-generation land surface model (Source: Sellers et al.,
1997; recited in Pitman, 2003).

etk (Figure 4—13). 18]a1 of7]e] Ag] Rdgo] Ajtyo] e (net
carbon balance) & Jsh= 5 AA S &4 35 118 DGVM(Dynamic Global
Vegetation Model) &2 A5t Figure 4—14).
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Ty r transport
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conductance
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surface
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a ‘ runoff ¢ respiration
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s w
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@
=

Figure 4-13. lllustration of a third-generation land surface model (Source: Pitman, 2003).

P Atmospheric Model
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2 /. &5
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2 Land Surface Model Le g
2 =5
§ ™ - 38
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£ f(environment) especially CO, o2
] J 8
® O
> months
x to years
=1
£ / 1
_8_ Vegetation dynamics
©
5 ™ |5
B months |, 5
2 to years 9
Full terrestrial carbon cycle
(above and below ground)

Figure 4-14. Levels of land surface modelling approaches (Source: Pitman, 2003).



AHE O] 3Rl Community Land Model (CLM) 2 tjkst A& 7H R 2 5
AEAISE 717t QEES ke EaA] slehe s 114
=28 (biogeophysics), G824 =8 (hydrologic cycle), #1828} (biogeochemistry)
2l 15} 24 (dynamic vegetation) & T4 o] FZIth A Hal HMHLS 4.0
™ 3.5 WAl o] MODISe| 7wkt A& Ans &8sk & 94 BAE §34017

o
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N
mlo
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<
=
30,
o
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o
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o

ki

=R AR de] 39l Variable Infiltration Capacity (VIC) E2-2 University
of Washington¥} Princeton UniversityollA] 70dtzEo] AAAC R AME-E I 313‘31
(Figure 4-15), A5 752 CLM S¥hk= H2A 40 555 dste] Fod=
0] 753 HGao et al. 2010). 98 AR FXpeRd Ex|u]Bs xéggookg
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Cail Energy and Moisture Fluxes

G " Variable infiltration Curve
& P= 1. - A0

R § *

Jig=P

vy 1
Fractional Area
W,
Baseffow Curve
E
@ [m]
*
: -
L
0 Wt W

Layer 2 Soil Mosture, W

Figure 4-15. VIC-3L model (Source: www.hydro.washington.edu/Lettenmaier/Models/VIC/).

4.5.2 NOAH-LSM

Eo)rl 24 /A AFs] g4 B AFelai= APEC7I3AIE] (2013b) oA 7l
gk NOAH-LSMe Ay AxE &3t NOAH-LSME w]=¢] National
Centers for Environmental Prediction/Environmental Modeling Center NCEP/

EMO), "= 287 8w (Oregon State University), "|= National Weather



Service Hydrology Laboratory (HRL), "|=r Air Force Weather Agency(AFWA),
)= Air Force Research Laboratory(AFRL) oA 7Nte]Qlom EokrHE EoFL T

A3 2%, 444 (snow depth), A4 B (snowpack water equivalent), &'24F

e

TollM= gt #19le] 5x5km A thake] NOAH-LSM 22e] we] A3}
2 Ak QT‘:_ ok_r_‘r, Exﬂ Zul/\}ak xl;(H Zﬂl—}\]_a]EA oy 1::1 ] X}EE Q'EO]_O%
dgaloich. BEYFE AnE E¥S] AT 10em o tieiA kg/m® @912 FolA, F
PR kg/m?s WHE A TETH

mﬂ‘.

4.5.3 A2 e} o4 9 A= A%

AMSR-E AIMZFH O] Bk AR o2k 25x25kme] 3t =S 7H4aL
AR Aik= 5x5kme] ¥3F =S TR, o] S5 ARel] 98 AMSR-E

i Aol slFshs 25X 26km Azte] oisf AW =
Htstiek. v o 7t 25%25km Axpach 94 <) Joﬂﬁ FES BT AR
AR A2 BT A7t SAeHA k.

4.6 71AE5E &3 7R AA 9 45 2d A
4.6.1 AIZA 5T AEIA A"

A3As AA Aol O el Ao AFE7F o Zotes ek o Fof
% 1950t SHkel A= It 1960 T
L, Abgo] sh= o=
BEom wEpA JEAT *oﬂ@_oi T BRE Fofell Agels x| gtk
(Jensen, 2005). oJ® 543 52 FA2] A sfide] Qlo] B A2 A5°] &

Ho] A= AAS E8sh= A|AES A= A7t A AEl(expert system) &) 7HE0]
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{f

i

g, AR SRS B Fe Jold BAS BRA, Ao AT &

5
eltt(Jensen, 2005; Figure 4—16).

AR 2o BAE Adeh) S8 B AR 2D FH (ule)o] A

(knowledge base)o]™, s e1e] X271l FYEE £ Joio] th BA] o

S Al T2 glol AAVIuke Fal dlge ANE 5 ek A7 B4

L oue 2] Mow i, dEHa

Wy, T 3Rl AWE 93 AAEE olgshs W] glom, ArluziHe
1

(heuristic) Xd%ﬂ }‘]i\-@% O] 03]"5 Hohﬁo

4.6.2 71A8s

o AE7} AAES EHAA FAE st (Huang and Jensen, 1997).
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= Solves problems
Expl:rt Is the = Draws conclusions User
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= Hypotheses

- Rules

- Conditions

Figure 4-16. Components of rule-based expert system (Source: Jensen, 2005).

NABE 97 @A Rolel Hg3hs S ofel Bl k. 97 WAL AR U

Z
S A4S 9 dugss Bd SEHEE #5 kgl vl Fgdskel wdo] Qo

&

= 2%
(Khaleghi et al., 2013). &3t tf7], ooz & A3t A5e] #5S Aslishe B
21l0] Qo] =g XS & Stk od - VIAISEelY /lE AAY T2 AL

o] 2 S g, ol#dt HEO M= HEE 7k Ed TS AFoR
ksl "7k glar o)X (outlier) o] FYZQl AyfE AAFsH7] wlZolth(Mishra and
Desai, 2006). oIz 94 AJAtoM E&3 WS Agslo] 7Heg A8k dS5sh=

BU s ATl 53] ARt

o

]l

O
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4.6.3 Random Forests

Random foresti= |37l Arg3st oabddEA| L (decision tree) ol 7]%3t 7| A8}
& HHEO R JAARFEA L v A2 -+ (classification) ¥ 39 (regression)
= HAoR gty AR AEE e Ef(Tree; ¥A41%) v o|-&sh=t] Blst
o] random forestsi= ole] 718 E-]E o/dEste] o]t E forest® dAOH, 1

Ao oJe] YA QA (randomness) & sk random forestzhal W ¥

&

= 5o] A93shd, random forest:= o8] E] %9 EFA(classifier)
7} Bof oEE 3}‘/}4 =5 ]‘“ Tdsith Zkzke] Egjel Qleolo] iy WEHE= A=
7HAAL gloeH, BE Er) 0F 9HEe] sidshks 7t

g A 2R %ﬂ%éfﬂ 00 o ZHolgith. BAF o] &o] HHelx: A Hr,

7} Eglo] ¥5 ¥ 3|9 59 (strength) 2 A7), AM27+e] AaHA (correlation)
= Hastalr] Q8 oY oAl 94 Sol7bked], T AR oAl AT
(subset) & ol&sAu, = #E Ti= ql= WE o] oS ZF B oA ¢l
Aog Aushs 5o Wo] E3HEH: ol dh §lofAQl 948 AR Ao o
’$2] (outlier) W 0] = (noise) ol Jth& o2 Jaks & ¥ shar, @ x|} (generalization
error), Ak A (strength), E2] 274k 719 %11&741 (correlation), B ARE-

0] A4l Q% (variable importance) o UWH-2AC=Z oS53k 4= QA &

&

Foixl F9 Ak el BootstrapC® U= 1/3 7FFe Mz £ A=
ol (bagging), ©1efe WS Bal Aunow st
7k Aok Folxl & Am Jaelx] o= debdl AkRe] FEe] e ol
wE Zpzhe] BEAbEo] e=d], 72 BFAke] o5 W4r(bagged predictor) & F71st

o] 1Y HE7} ¥3EA] k2 vpA] ERAEE FHEHA gt oF out—of—bag
FARNL -2t} Out—of—bag(OOB) S T3l oust W47 7 S 37
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FEEA kS wlo] eAE g% 4 glor, HEsh ZF Wil ARl FREE
7Fek = o). WA S (cross—validation) H= 2] £d #2150 UHE wzE wo]

A7) ¢li= ¥ (unbiased) 22F 4 #& A3} (Breiman, 2001).

Hl of

4.6.4 299 7

Sk Aol A3t random forestE ©]83to] 7HaE Al 2 oS RdS st
Random forest W2 oA (outlier) @F =o]*(noise) ol &S @ wrom &gt
(robust) A¥= AAikstal, gy ofe] Wyl 34 9 oS5staa) sk ¥ Ale]g]
=4 BAE s & ot glorw 59 A I AEE B8l s A 2

oNZS SRS B AT HAel vl 2 Fgck

N
o
1o
oz
=
i
o
ot

off
F{F
fa
kK

)
3>
ft
r o)
[
N
P

[nt

= o] g3ty A 1, 3, 6, 9 7l
2 Az Hze] SPI W SPEISF $14 973 AFEQ] HHNKAEE o]gslo] dL 7He A
Z=¢1 NDWI5, NDWI6, NDWI7, NDDI5, NDDI6, NDDI7, NMDIZS XAt}

5 A= 7INEe] SPIS} SPEIC tijaixe $HI= 1067 71754 S1x]el tijs)
A45E FE31°] random forest 2E-E 53190t 914 G4 719Ee] NDWI, NDDI,
NMDIe] thefir= SbesE i sh= A 5X5km Az}l thafl 255 FE5H]
Rds g5k slglon), I glane] Aokl

X
2 Q& rdlE AlFko] UF o] o
Al 10670 71788224 2)x]9l ti8ll random forest &

A8 WATEE A QoA EES E B it 7% A5, AR A
A EES Qi WHETE ook 914 Qe =ESE 1Y WeE AMSR-ES] SuA
(A_SM), 7w (D_SM) ¥ Hit EYgTE(SM_MEAN), MODIS F7HLSTDAY), of
ZHLSTNIGHT) ¥ #H AW (LST_MEAN), EVI, NDVI, 2A FHARFET),
FA FEARFPET), TRMMS =3 (PRCP), a3 vk (FPAR), fadA4
(LAD %o] 9lom, tiits 7135 A= MEISH A0 A543 AMgalia Adrd A}



Eofr Buakd 4 vuE S
A AR S 209 Gl wet EEEe v ko] HSkgtel Akl ol2=
ol vk veRdt o ), zk Aol sl 27k REE S Adaglont &
A =

E A ARE Bl i A%l oe) welg mae FEse,

—
2
X
rlr
[3ni
:

7} g W QEE EFADA ool wet v 39 B82S TESIITH Table
4-3). 14 N £ QY WSel UFE )F ASE e A diste] 4
52 H5agomy 1067) 7140S A tg ARE 2 olgde] nue THe
gout Aumd Ang olgsh= 5 Wat Aol vialiut st EASE 797)

PN
Heke] 7S Aol sk AAERkE o] gete] REks 531l

o] ul, D= Hak We A, tv @A g veRla xt g Wg Ao
SET1%#H SET47F4|(Table 4-3)& Yehdrk SPI9} SPEIE o8¢t 3k Wpol of
A AF RigelX A, A AR, A SEake] A AR
A0 AIZE Aol AXAIHoH, A Yol TEFE B3 vl disiMe g W
ol Ak, A Ak, A SRS 1, 3, 670124 diste] FAAR whe 4
Zr JPEARl MR ARESINITE Random forests Y8 W= b
A da QoS olgste] FHAO WSE AYsinE RgE 1] tEeadd

(multicollinearity) < 183} 3tk

¢



Table 4-3. Input variables of random forest models for drought monitoring.

SET1 SET2 SET3 SET4
(RS+CI) |(RS+LSM)| (ALL) RS)

Input Variables

AMSR-E A_SM

o

AMSR-E D SM

AMSR-E SM_MEAN

MODIS LST MEAN

MODIS LSTDAY

Remote Sensing
(RS) MODIS LSTNIGHT

MODIS EVI

MODIS NDVI

MODIS ET

MODIS PET

c/lo/ o]0/ o0o/O0 o000 OO0
/o oo/ o 0o |]Oo0o 0|0

TRMM PRCP

Climate Index AO

(CD

o/ 0o/0o/o0o/0o0j]0 00 0|0

MEI

LSM EVAP

Land Surface
Model (LSM) LSM POTEVAP

/o]0 0o/0oj]O0o0/O0 OO0 |0 OO0

LSM SOILMOIST (0]

4.6.4.2 7]E o5 2Ee] sjer

7HE 15 mEe) 3% JHE A mdn fAS) pREgieh S 1 A e
o s o] We 1Y WEE FFA A9E ANRN(SETI), FHH0 22
PAL 71 AR A RS 127 9 Y W S i ) A5 e
9 vk mefehd ok 19 QYN EET Q8 e v ugkth(SETA).

(A
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ATl Alst A3 oS5 ARES 1ol 67RE7E]elM (t + n n = 1~6),
Aol BA ke oY ASE ARSIl A
<9-(t9F AR5 number of past months used, pm =
ol 2FAI7IE A, t—-1& A5 pm = 2),

A & A g Al 2 e g v 2IATIE A, t-1, t—25 AR pm
=z

i

= 3 & o] AT
D,.,=f(SET; ;D) (Eq. 4-7)
Dy, = f(SET; , SET;, , D, D, ) (Eq. 4-8)
D, =f(SET} ,, SET,, |,SET,, 4 D;,,D, \,D, ,) (Eq. 4-9)
D,,,=f(SET,,, D,) (Eq. 4-10)
D,,,=f(SET, ,,SET,, |, D,,D, ) (Eq. 4-11)
D, ., =f(SET, ,,SET, , ,SET,, ,D,D, ,,D, ,) (Eq. 4—12)

o] wj, D¥ &3 W A, t= A 22 YeERHa n Ad oS AJ7toz 170
Hol 6702 7H4], pm> AREE A Y 2 1L 3E 7K YERA,
465 24 AL
4.6.5.1 2R A 72

iU 5 50 ZELS 90% olite] RO F o]Fojx] Qlorn® JHE 5o 9o
2 o] BEehd BE AYdA] FElE tete] Aat S Ao whAslar
4o AstEA Foh(AE71Y, 2014). wiFe] A9 7HEo] wAshd ATEA] kol A

T

,_Or
dol solAM, Ze AT SOl WSl o] wksd A R dnGVE,

2014). 7heol ALK 7Vl AlFshs 71 ARE Vo R X dEe
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T TR TEEY 2 AT e AR Uehe, =7 X9l SR A%
Ao M= 693 899 7 SIS FEH A Q1o R AL (s Ed AT

<, 1996).

oF A - s AR AYelM Al 1A A s Ane A
A&, AebRk, A85EE, Addel s 2003~2011d &<t A= 45 45
Al 333, EEIAL AL FE2A T 1871 Aol disiAl 2007 ~2013 E<F Al
Tty 2 AEs A7 AFo|W Al T Aol tisiM Tk Al s R AA] 5=
g o5 Bde FEE]ole E20] ATt vl Feih weba] 2 Atellde o
A 7hHe AAl B 7 oS BE Sl AREE B v 5 aRA] T g
o s AHeAE 7HE BE A48kl random forestE ©]88to] ofn] 45
St RS o]gato] o] MRl gk oS3l Kokt

N

] 98k 2o o]y zhow x}8-atlth(Figure 4—17).
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Figure 4-17. Locations of grids used: Input data for 5x5km grids located in highland areas are

averaged for each SI-DO or SI-KUN-KU.
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A % 9797} AEAR Fre ARl Azl AR, B A1) AxIlsh T
Hige] gigrom ARRO wMle] & xS %Al AhGIEE, 201D). IF S,
20139 e ATl AHo] thishe A71l 39elA 499 713F Bkl o]
Wasti A% Q7h Fekgom, B Agel Auht ghad sl o

[e]
|
o] AHE9] g3lo] Z/EIIH(AA, 2014). AHE EAIE R AR dkAle] F9lo)

AR 2000 ZRbell AbERdxE Aideto]l FdlolAlE FeEll st oR
wEE AR EATE Algsial Sl (Figure 4-18), ©] Hioll < Ak
al
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Algskal ek Aks A dFE Al Aow

%, 7, A% Aol SPILo] WEs ¥AS RATHAYS, 2014).

PP A%z el olgsla 9 SPIE 53] WS M gl f8% sow
obeid Qs B I MR olgsh Aok B Aol 1 el
EEG TR We AWRde] AEE B 7% A5E olgde] 1E 1A
o RAE TEAGEY, o1F B AR W) 1A 5 ATt trw
wise] Ego] AR W] e FFS AL Ve, ESE 5 08 7 e o
S Ashor] £ 5 9lor), 55 44 B WEE oM AR
249 ARFS 1T 5 US AOE



2 U2 LA - Intemet Explorer [E=8 E=R =)

| @ nttp:/forestire kir.go.kr/menu. actionZmenuhum=18&index=0&sigun=0 |
Eﬂ :‘ LYy + | Home || Engiish || SXAY
LHEEOIEAIAY HAphEglgal:  WYPAUENESTS  HMUESEEE  OiElEIdeE  UEHEN  HAERAY

TS [y MM m YHE M RA=:

BRI (29 2 T, %, m/s,

HEHTRS

Mo~ [Js1-60
o W-2oe-70
Ul W20
i [M51-40[]s1-%0

o T oy -
: e : |- o “y | [s1-so[lfor-100

2 WOIEE Windows Internet Explore & WA 2|53 S0 2L

,ﬁ’ Copyrght® by Korea Forest Research Institute All Right Reserved,
4 el (R2)130-712 MEEHM EHER 57NE 57 2R M IS IR 0t ¢ Oh B ESk00-061-0683, B Ae-061-2600
FULA HERASINEEAIAE 1991 0% DA MBS 0SEE A/ NE AE Ana

Figure 4-18. Forest Fire Risk Prediction System of Korea Forest Service (Source:

http://forestfire.kfri.go.kr/menu.action?menuNum=1&index=0&sigun=0).
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Figure 4-19. Locations of grids used: Input data for 5x5km grids located in forest areas are
averaged for each SI-DO or SI-KUN-KU.



5.1.1.1 TRMM PRCP vs. #= 72

ik 1067 71daS A f1x1el thstol TRMM PRCP €4 A A=
U= A% ARE mm/month ©H912 ST v, 2001~2012d 7|3kl thste] R
walglh, TRMM AHae] slidmr) 0.25%0.25° o] B2 ol 79 7135 A4S 38t
el TRMM Axpe} vlwsHAl ¥ 395 vk S 48] vlus A4 A (ALL)
olle}l 58 March, April, May; MAM), 5% June, July, August; JJA), 7F=2
(September, October, November; SON), 7<= (December, January, February;
DJF) &] Ad = 3% 3k

AR Z37te] 71daEAel disll e A diE st k& Table 5-1°]
YERJISITE TRMMS] Pt vl whgel e E7-8tal, doj= JaAlgel g 9]
AT A EAAQ on| (statistical significance) & WYER= p kS 25 o9
Zok(p—value < 0.001; A= WESH A Pl E&53 A3 A5 s 1+
of FAACE fFenlet #AE S-S Kol vk A I AF AEES AHEet
o TS oS53 Hsu et al.(1996) 2] AellA] ml=r EZect A o4 1¢
7} 65.48mm, Y& A dox 9ol 55.36mm, 7~8El 63.41mmE B EHE 5O
Aol Hlwshd, ofFHS Aejetals @F Fo] TuhA| AA] ko, AR A

How ggs| wrh

]

>

Zy 7PdEEAEe] Ay JpEA o A, 52 RMSESF MAE #2 tif-

7 B XIRE 2SI YAl - OIS I Y 75



SIS H5F Ao QXgh VVASAAY w2 gt WE] Aow Heltk(Figure
5-1). 53] o] AAES] o154 RMSES} MAEE 2% X|<dof Qx| A5 H]3|
73d3] =oh(Figure 5-10). wHolu 7FeAoE Aoz & eaf ¢k Helth
(Figures 5—1b, 5—1d). °]& FA3 A2, TRMMS A Ao Aol S8 Fol

30° SellA 30°N fJ&o] X|Hof] Ageles Ao §4do] 4% & sldstal 9l
7] wjZelt) 35° F 7R AEksk ghs IS 4 Sltk TRMM 3B43 AFs 22 74

$- oy AATE B= &gt desle] 50°SelM 50°N YE7A gk Algo] Eu,

e "old Ftel gtk

g2 Aol 95 74 BE=A2 RMSE, MAE 7t 220 245 1
& o, 7= w@d xgo] nlojdHor wl$- Z S WAtk oF B0, MAXE
(189) 9] 3 RMSE: 75.32 mm/month®, A Hel 29.69 mm/month o H]al
Ads] Eom, 255 (1159 ALF RMSEE 94.48 mm/month® A <l
18.23 mm/monthel] H3l vl Erh o] AHES BT Al B @ ddel fxlgka

St (Figure 5-1).

Table 5-1. Statistics between TRMM PRCP and observed monthly precipitation averaged over

106 weather stations.

SEASON (ml;Rll/\l/[n?)}lElth) (mm/Mlj:(l)Enth) (?nl:::?;lag;)
ALL 57.27 33.79 0~1244.5 0.92 0.8
MAM 29.69 22.14 1.8~516.5 0.84 0.7
JIA 98.43 72.92 0.1~1244.5 0.85 0.71
SON 39.38 25.53 0~880 0.89 0.73
DIF 18.23 13.6 0~321.1 0.84 0.67
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Figure 5-1. RMSE between TRMM PRCP and observed monthly precipitation during (a) all
season, (b) MAM, (c) JJA, (d) SON, and (e) DJF (Unit: mm/month).
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Figure 5-1. (Continued). RMSE between TRMM PRCP and observed monthly precipitation
during (a) all season, (b) MAM, (c) JJA, (d) SON, and (e) DJF (Unit:mm/month).

AT > B S AEE 7P 9A Yehk=tl(Table 5-1), AAZ R &
olel] fAx|gh A Z2] AT ot BHe] Ag 58] v UEhkor], Ag
Ae] Aol 5 Ao FoME Faeks et FHRE, e U %611%5011 9l
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M 72 oA wig- A WA vEpt e - = 0.10), ﬁﬂ(m@ﬂ 3
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AS glo] wWol ¥ AT 7t wlg- A7) Wit oz Helth
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e Bl thAdD: 133) #3del thafl 2001~2012\a 717t thall AlA|G-S A e gt
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Figure 5-2. Pearson’s r between TRMM PRCP and observed monthly precipitation during
(a) all season, (b) MAM, (c) JJA, (d) SON, and (e) DJF (Unitless).
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Figure 5-2. (Continued). Pearson’s r between TRMM PRCP and observed monthly precipitation
during (a) all season, (b) MAM, (c) JJA, (d) SON, and (e) DJF (Unit: mm/month).
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Figure 5-3. Time-series of TRMM PRCP and observed monthly precipitation from during
2001~2012 in Daejeon station (ID: 133) (Unit: mm/month).
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o= $hbe AnkH o= @b A vEp AR (Figure 5—4¢), w37 7HE, ALH
o] Aoz H5F Al X AREL expb ¥ A vehk= Holth(Figures
5—4b, 5—4d, 5—4e). 53] 4A(47005) A9 ZHF RMSE #ol =
9.48°C, 7F& Aol 10.45°C, A&Holl= 14.87° CE Uehh= 5 23 #ho] vi$- 2
), o= o] A 53] =2 e (1386m) wWhiEel Zlow Rl 944 gl
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Table 5-2. Statistics between MODIS LST and observed monthly temperature averaged over

106 weather stations.

VARIABLES | SEASON ‘

ALL 3.09 2.54 -5.9~33.6 0.98 0.84
MAM 3.27 2.89 2.8~28 0.96 0.83
LSTDAY vs.
Monthly maximum IJA 3.23 2.76 18.7~33.6 0.19 0.13
temperature
SON 2.22 1.94 4.8~29.5 0.98 0.84
DJF 2.97 2.62 -59~14.6 0.84 0.67
ALL 2.62 2.15 -19.1~26.4 0.98 0.89
MAM 2.01 1.75 -7.4~17.0 0.97 0.81
LSTNIGHT wvs.
Monthly minimum JJA 1.69 1.42 9.8~26.4 0.85 0.65
temperature
SON 2.52 2.25 -5.9~23.2 0.98 0.85
DIJF 3.62 3.2 -19.1~8.0 0.68 0.51
ALL 2.23 1.83 -12.25~29.3 0.99 0.9
MAM 2.21 1.96 -1.9~214 0.98 0.84
LST MEAN vs.
Monthly mean IJA 2.13 1.82 14.2~29.3 0.63 0.47
temperature
SON 1.76 1.53 -0.4~26.0 0.99 0.87
DIJF 2.34 2.03 -12.25~11.1 0.83 0.65
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Figure 5-4. RMSE between LSTDAY and observed monthly maximum air temperature during
(a) all season, (b) MAM, (c) JJA, (d) SON, and (e) DJF (Unit: degree C).
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Figure 5-4. (Continued). RMSE between LSTDAY and observed monthly maximum air
temperature during (a) all season, (b) MAM, (c) JJA, (d) SON, and (e) DJF

(Unit: degree C).
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Figure 5-5. Pearson’s r between MODIS LSTDAY and observed monthly maximum air
temperature during (a) all season, (b) MAM, (c) JJA, (d) SON, and (e) DJF (Unitless).
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Figure 5-5. (Continued). Pearson’s r between MODIS LSTDAY and observed monthly maximum air
temperature during (a) all season, (b) MAM, (c) JJA, (d) SON, and (e) DJF (Unitless).
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Figure 5-6. RMSE between LSTNIGHT and observed monthly minimum air temperature during
(a) all season, (b) MAM, (c) JJA, (d) SON, and (e) DJF (Unit: degree C).
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Figure 5-6. (Continued). RMSE between LSTNIGHT and observed monthly minimum air temperature
during (a) all season, (b) MAM, (c) JJA, (d) SON, and (e) DJF (Unit: degree C).
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Figure 5-7. Pearson’s r between MODIS LSTNIGHT and observed monthly minimum air
temperature during (a) all season, (b) MAM, (c) JJA, (d) SON, and (e) DJF (Unitless).
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5-7. (Continued). Pearson’s r between MODIS LSTNIGHT and observed monthly minimum air
temperature during (a) all season, (b) MAM, (c) JJA, (d) SON, and (e) DJF (Unitless).
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Figure 5-8. Time-series of MODIS LSTDAY and observed monthly maximum temperature in

Nampo station (ID: 47060) (Unit:
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Figure 5-9. Time-series of MODIS LSTNIGHT and observed monthly minimum temperature in
Seoul station (ID: 108) (Unit: °C).
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Figure 5-10. Time-series of MODIS LST_MEAN and observed monthly mean temperature in
Sangju station (ID: 137) (Unit: °C).



5.1.3 THAEF
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A eab = AEE AuEgiEd, BE A diE] FEE A9 54s
ol 7 QATh(A= Wy, A5 A gk AR, A7 Ao g
A7F 53] 9A Uskst A% B4l AS Agat (188) A7) AA Aol gk r
#to] 0.64= yepstth o] AHelxE HAe] 1ot A7 0.330%2 Ueb=],
Tl 1% Felaold SAXCRE Fenlehr] X3t oz =gyt (p—value =
0.09). aA|RE o] Ao ALl ¢ > 0.600]3L o] W p gk 0.0011c} 2o} o
3] AR OZ foet AuAlE vebit(Figure 5-11).
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Table 5-3. Statistics between MODIS PET and calculated PET based on Penman-Monteith
averaged over 35 weather stations.

SEASON (mr;Rlll\l/[n?)l::lth) (mm/MIﬁ(})Enth) ((;nl;:.mr?:ag:)
ALL 47.42 42.07 0~ 172.61 0.96 0.82
MAM 46.76 44.99 0~151.21 0.93 0.81
A 67.87 66.23 0~ 172.61 0.56 0.4
SON 40.87 37.77 0~ 122.94 0.93 0.75
DIJF 20.54 19.3 0~75.13 0.74 0.47
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®  Weather Stations
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126°0'0"E 128°0'0"E 130°0'0"E

Figure 5-11. Pearson’s r between MODIS PET and calculated PET during (a) all season, (b)
MAM, (c) JJA, (d) SON, and (e) DJF (Unitless).
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Figure 5-11. (Continued). Pearson’s r between MODIS PET and calculated PET during (a) all
season, (b) MAM, (c) JJA, (d) SON, and (e) DJF (Unitless).

2 AL KRS 28712 LAl - oS 71z e 95



54l 3570 ASOS AF Tl 127019 Al 1% Fd=Tolr FA-0
2 fFolst AREAE 7R skl 6719 o] 5% frelgEelA BAKCE 72
s IS THA Fehe Zlo® UERITHREE meD. o] F 53] 7F(192),
Hoy(236) Fo AHolAd Au@A; 0.2 B e grow vepdth () r =
0.16, 0.19). H|EF A FholME fAH 1171 AR 1% F-olg=zelA SAIA
o7 Fot AHIAE A Fekar 6719 A1) 5% felgreld BAIeE
ot AAAE 7HIA Fehe Zlo® YeRgTH(ARR Ul“?;) 259} Ko ¥ ozt
B (235), FAH238) oME e 2 ALY tau #e BLh olEL F= 3t
HAE UiSell A8l lth(Figure 5-11c¢).

7Rl 3578 BE A3o] 1% el AR fefn|dt dadAE o
EFEl (Figure 5-11d), Adel= 4H188) #13o] 1% frolaEellx A7t
FAACE FosHA] A = 0.47, p—value = 0.01), &%1(130) AH°] 5%
olFolA] AT FAA SR FolskA] X3 THr = 0.19, p—value = 0.35). H]
25 FACAME o] 7 A olglell Tl (295), Y (277) Ao F dl Aol 1%
Frelaol AT BAA SR fFolskA] EATHEX], AL, e, Yol sl 2z
Zy ¢ = 0.27, 0.29, 0.31, 0.33). °o] Yl AP 25 Tt gl AFEe st
7tell f1xskaL ck(Figure 5—11e).

QA AHAD: 211, r = 0.99, RMSE = 4.35 mm/month) °| thste] 2002~2010

de] 717re] AAIGS YeERIth(Figure 5—12). MODIS PET$} Penman—Monteith

21& o|gdl| AAksE PET Ato]o] Ak Al = w9 29ty AAE 182 & 4

A T #k Abele] o) gk - FAA YEREoH, 357 ASOS AH & tiF-=e] A
[e)

¢ oAl AFELE 22} gro] v AA YEktt) o] &3¢ MODIS PET7F 24 kil
g AA I st glom, AgHele I sk Sith(Figure 5-12).
MODIS®] A S AnE ARgatd - Aol dis ®Ao] ded Zow
Helt,
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Figure 5-12. Time-series of MODIS PET and calculated PET in Inje station (ID: 211) (Unit:

mm/month).

5.1.3.2 NOAH-LSM PET vs. Penman—Monteith PET

AHEERI NOAH-LSMO] 1w 5 fA Sk, ohA Aret = 71dds
e 48 o=z ARESle] Penman—Monteith 2102 AR FA SRS
mm/month@ k3] Jat x1e1 2] 727 ASOS 7144385 A&l tisiA 2002~2010
el 71gbel] dial] wlaseleh. exb gk 5HE Allstas o IA vEkser, A
WAFTE ASHE AQlstas WA YeERTHTable 5-4). o= MOD16 #A&9] 53t
AT (1km) 7} A Rde] ¥+ AT (5km) Bl %7] wjiel Rog Holth oF

Holle AMEEDS AR A97F eabt 2 dston AdAee ot A el
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o] E3] =)t} (Figure 5—13b).

Table 5-4. Statistics between NOAH-LSM PET and calculated PET based on Penman-Monteith
averaged over 72 weather stations.

SEASON (mfrniﬁth) (m/Mlﬁfnth) (?nl::l'm?;ag:)
ALL 55.63 50.6 0~172.61 0.94 0.79
MAM 68.96 66.18 0~ 15121 0.88 0.7
A 64.85 61.6 0~172.61 0.76 0.59
SON 48.44 46.27 0~ 122.94 0.89 0.69
DIF 30.4 28.33 0~75.13 0.63 0.42
A5 AAITE AR, AA Al diside 2T 1% ool EAIA L

2 Fenlt AAE Jebt oL, AR Bl f1Ae A44H188) o4 Rle] 0.901.
o} 2k gjojs ARG 3 BATHr = 0.65; Figure 5—14a). 4ol AJ4H(188)
ARANARE 1% F=FollA FAXCE fold JadAE HolA| Zatslov 5% 24
o= Fouet IAE YeRlth(p—value = 0.02; Figure 5—14b). ©] w, Jjoj&=

T w2 0.45009, A JEAE S B 0.50°0% Blwd 31 1% 5=
ME BAFCE Fouet Aox vEhth g4H188) AHE AlLletelEtE Aol
A v AHES] Al #hol o ARl vls] iAoz Stk < 0.80;
Figure 5—-14b). 7F&H%E #4837 fARH HeRoY that Ad4H188) A=
1% Frolrselr TAACRE fFouet a7t AL r #% F-el vlEiae x=
w ETHr = 0.53). & A= BT ulg 52 AIAS s R3ick(Figure
5—14d).

of el oAl Jie) Aol 1% felaseld EAA oz foluiet duAE



HehdA] Zakglsdl, o] & Atelel Agldel 383 Holx] tth(Figure 5-140).
5% rolaelMs A34H(188) 7 45-(260) ] FAIF SR folu|dt AAAAE HolX]

Sl (At g diste] 242 r = 0.38, 0.36), 52 FAE sty 7k
3ol flAIste] Qlrk. ZE =9 AR HUIS WE 1% FeaTo® Boks
o Al Ae] FAX R fFofn|eh HHBAE HolA] Xkl 8Aak188) AR
7)o EFFEA] AT 5% FelTEels e (260) ARkl SAH O R Fon|gh
AHAAE Bolx] X3tk = 0.26, p—value = 0.05).

AzHel= 7270 A S 1370 ARl 1% relwelr sAHo® Fen|dt 4
AE Weh Al Zepgiom, 779 #3o] 5% frelarelM EAKCE fFofvlEt A

AE UeRdA] Eeidi=d], o] 79 A 5 F A AFEel, ul A% 1
Qo YA|skt(Figure 5—14e). HIES FAlolM= 1770 A3 127 #]-e] Zt
1%8} 5%2] FrolrollA AR Z fFefuldt daaAE vehiA Zsiglvh 53]
2H188) A3 el $xIeE e (216) AFedA FEdAZE BA YRS
r = 0.01, 0.14).
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Figure 5-13. RMSE between NOAH-LSM PET and calculated PET during (a) all season, (b)
MAM, (c) JJA, (d) SON, and (e) DJF (Unit: mm/month).
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Figure 5-13. (Continued). RMSE between NOAH-LSM PET and calculated PET during (a) all
season, (b) MAM, (c) JJA, (d) SON, and (e) DJF (Unit: mm/month).
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Figure 5-14. Pearson’s r between NOAH-LSM PET and calculated PET during (a) all season,
(b) MAM, (c) JJA, (d) SON, and (e) DJF (Unitless).
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Figure 5-14. (Continued). Pearson’s r between NOAH-LSM PET and calculated PET during (a)
all season, (b) MAM, (c) JJA, (d) SON, and (e) DJF (Unitless).
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o,

M4 0% 2 Al gt 2 @b ghs 7= e A el disteldD: 105,
r = 0.87, SE = 9.92 mm/month) NOAH-LSM PET2} Penman—Monteith 2
olgste] AXket PETS AAILS ARSIt (Figure 5-15). 95Zdli= MODIS
PET9} w742 NOAH-LSMo] A} SHhilks siadsta las & AU

g, 22 5o A" 53] ALHel= MODIS PET$h= th27] Penman—Monteith 4-&

o1§31o] A PETE v % #795ha 98E & 5 Aeh(Figure 5-15),
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Figure 5-15. Time-series of NOAH-LSM PET and calculated PET in Gangneung station (ID:
105) (Unit: mm/month).
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7} 7188ttt
5.1.4.1 €% AMSR—E EY55 vs. KoFlux EY5

AMSR-E E&E A5+ sh7ell Aqua 9149 e dude] 7 A9 ghe
FojAt}, 514 (ascending mode) 2! 7w (descending mode) 8] EoFFHE-S €
= BsAY Y ALSM, D_SM), 71 %3H(SM_MEAN)-& €= Fatste] A3
T} KoFlux #HE 3080k} Fo)x 22 AMSR-E A9 5w (1:30 pm) 2 7
A(1:30 am)ell dIEHE= A ARE EES] 2 WAoR FHAsiivh
AMSR-E A&7} o &2 7w e] Ahart EAshs 49w lorg, o]gly) 3%
T olE A 1 gl Al et BEofe] SAlekA oAl Enk wEbd A_SM
D_SM¢] #H+o] SM_MEANZ} 2]

)

ARESE KoFlux A1 83 7F 77k AMSR-E ZA#ke] 3k& Blwsigion, e
A2 A A W Z) Aol el ity 2 Bt Hlweh A3 Tables
5-5~5-7°] HeEhSItE. A ARE olgato] A Al thal &
o AR B9 320 A7 400 o|2ER By FAE B3
= He Jlo] A, drpd 3] AeeteA AdER 243 7

bk omm AP w9 FRAF ¢ e B o] B AP,

g xde 79 A_SM, D_SM, SM_MEAN ¢] 7% 5% z¥z} 1%, 5%, 18]l
5% %ﬂ?—f’foﬂﬁ SAASE Fouet AR vERlch 2eiv o] Al Ae B
A BelM EEe B KoFlux #[3lellA] TDR AAE ol8ato] #53 B
T AEIE F(0) 8 RIS Belth AR Aed, A_SM ke
# 5% FelgEeld SAACE Foust s veRilET, ol
FABAE welow AT vwE Zok@ = 0.45). Avpd AH9
o] &9 AR B u B w5 A disiA SAHCE f-2o)v]
= HolA] 9okt (Tables 5—5~5-7).
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s 249 KoFlux 9k 2% #= 2189} AMSR-E E¢k 2% 222 AMSR-E
A A sgels Azb Afee] 99 ARa T Az A8 Hie] 9w B
NALZ A1 Figure 5—16). ¢ 3ol UeRd EA4 ZhollA] y_ouzo] KoFlux
B= 73 AMSR-E ko] Alololl 2 zjol7} 9lom Ay A3 ukx] k8-S oF 2= 9)
ok A oy ZB7E Qg 5 gl A AR B9 o] 1A welst v

Arhe Ho® AMSR-ES] 25x25 km ZXHIERE 1 wWolE was)y
]

1o 1o

Hek 7 WA Ao ZE 3lg KoFlux #5 Afo] s4A0|n2 = =Y 7Fsdo] |
9 =24 o] A B A9 Eo| zb 9l AHol7] wliEe] AAl B 4t ghE Al
2 A7) A5 ARE AMSR-ES] EF 48 al Eok A= 1em Zo|7kx|e &
& s Fsh=tl, KoFlux #1319 #52 TDR AXE 245 10cm Zol7kAe] &
& s Sk

Table 5-5. Statistics between monthly averaged AMSR-E A_SM and KoFlux Soil Moisture for

two KoFlux Sites.

Obs. range

SITE | SEASON | n | RMSE r p| tau | tau p

(min~ max)

ALL 40 | 0.2099 | 0.2017 0.1942~0.3809 -0.34 | 0.03 | -0.22 | 0.04

E MAM 11 | 0.2385 | 0.2359 0.2524~0.3733 0.62 1 0.04 | 045 0.05
% IJA 8 | 0.2158 | 0.2044 0.2019~0.3809 -0.61 | 0.11 | -0.36 | 0.22
E SON 11 | 0.1557 | 0.1475 0.1942~0.3467 -0.09 | 0.78 | -0.09 | 0.7
DJF 10 | 0.2231 | 0.2214 0.12636~0.3655 0.34 1034 033 | 0.18

ALL 12 | 0.1023 | 0.0925 0.1090~0.2553 -0.34 | 0.28 | -0.18 | 0.41

~8 MAM 3 | 0.1078 | 0.1078 0.1941~0.2168 1 0.02 1 0.12
%g JJA 3 ]0.1434 | 0.1431 0.2283~0.2553 0.67 | 0.54  0.33 0.6
“ > SON 3 ] 0.0383 | 0.0303 0.1091~0.1688 -1 1004 -1 0.12
DJF 3 |1 0.0906  0.0889 0.1557~0.2095 0.84 | 0.37 1 0.12
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Table 5-6. Statistics between monthly averaged AMSR-E D_SM and KoFlux Soil Moisture for

two KoFlux Sites.

SITE [SEASON | n &?::f‘:agxe)
ALL 40 | 0.2215 | 0.2136 |0.1952~0.3807 | -0.52 < 0.001  -0.34 | < 0.001
am MAM 11 | 0.2509 | 0.2483 |0.2569~0.3749 | 0.12 073 | -0.05 | 0.82
% JJA 8 | 0.2176 | 0.2064 0.1995~0.3807| -0.66 0.07 | -0.29 | 0.32
< SON 11| 0.1687 | 0.1611 |0.1952~0.3559| -0.27 042 | -0.16 | 048
DJF 10 | 0.2406 | 0.2390 1 0.2620~0.3671 | 0.27 0.45 0.24 0.33
ALL 12 1 0.0923 | 0.0833 |0.1083~0.2488| -0.21 0.51 -0.09 | 0.68
a2 MAM 3 1 0.0999 | 0.0998 |0.1922~0.2146| 0.99 0.09 0.33 0.6
% g JJA 3 1 0.1278 | 0.1276 |0.2280~0.2488 | 0.56 0.62 0.33 0.6
“ a SON 3 1 0.0289 | 0.0245 |0.1083~0.1672| 0.39 0.75 0.33 0.6
DJF 3 1 0.0834 | 0.0815 0.1562~0.2084| 0.98 0.14 1 0.12
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Table 5-7. Statistics between monthly averaged AMSR-E SM_MEAN and KoFlux Soil Moisture

for two KoFlux Sites.

SITE [SEASON| n Obs. range
(min~ max)
ALL 40 10.2157/0.2077 0.1947~0.3808| -0.44 | < 0.001 | -0.31 |< 0.001
- MAM | 11 |0.2447]0.2421 0.2546~0.3741| 0.39 023 027 | 0.24
>
% JJA 8 10.2167| 0.2054 0.2007~0.3808| -0.64 | 0.09 |-0.43| 0.14
<
SON 11 10.1622 | 0.1543 10.1947~0.3513| -0.2 0.55 | -0.16 | 0.48
DJF 10 10.2318 0.2302 |0.2628~0.3663| 0.32 036 | 024 | 0.33
ALL 12 10.0973 | 0.0879 |0.1087~0.2521| -0.29 = 036 |-0.18 0.41
- MAM 3 10.1038 1 0.1038 |0.1932~0.2157| 1 0.04 1 0.12
23
1512 JJA 3 10.1356 0.1354 0.2281~0.2521| 0.62 0.57 | 0.33 0.6
Z>
SON 3 10.0336/0.0274 |0.1087~0.1680| -0.73 | 048 |-033 0.6
DJF 3 10.0870|0.0852 0.1559~0.2089 0.91 0.27 1 0.12
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Figure 5-16. Time-series of KoFlux Soil Moisture and monthly averaged AMSR-E (a) A_SM,
(b) D_SM, and (c) SM_MEAN in Haenam station (Unit: g/cm3).
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Figure 5-16. (Continued). Time-series of KoFlux Soil Moisture and monthly averaged AMSR-E
(a) A_SM, (b) D_SM, and (c) SM_MEAN in Haenam station (Unit: g/cm3).

A vl FAY] A E2E T Aot VAR AdE o 7 fle TR A

< Y3 (Tables 5—-8~

5-10). A& Aqua 9149 FuiH Zdugel sidshs AlAe ARE LEsto] &
Aol o33t

aid A15e] 73+ A_SM, D_SM, SM_MEAN ¢l el Az A Ade] 392
w4, AFHY] Bf $AHCE Fonst dveAlE vebith v A A o
w49 4% %’4*5‘ Oé’ Pol Al et B9} KoFlux A13lellA] TDR AIAE o]-&-3}od

w53 BEoREE Amrl F ()9 AdIAE Eul Bzel:= A SM, D.SM,
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SM_MEAN of tefr] €9 242] 499 vR7A = 4 (+) o] aaAE & 5 U3
ok vk A9 - ALSME| Aells 54 W AEY AS 5% ool &
AR Feuldt 4o dddAE vekilith. D_SM¥} SMLMEAN®] 7ol 53,
54, AsHel Fvet Ao FudAE B3tk

J

I

g 272 KoFlux B¢ 7 A= A85¢ AMSR-E B9 & 35 AMSR-E
o] A, dugel sidshks Al AR F Al AR H] AAER ARkt
(Figure 5—17). €9 H9) v]we} vz 2 KoFlux #5 33 AMSR-E k2] A
olof & zlol7} Qlom AL HF ghA| kS & = ok

=

Table 5-8. Statistics between daily AMSR-E A_SM and KoFlux Soil Moisture for two KoFlux

Sites.

SITE |SEASON| n (gll;:'mrz;’ag;)
ALL 770 1 0.2150 | 0.2031 | 0.1643~0.4712 | -0.16 A <0.001 | -0.09 | <0.001
s MAM | 216 | 0.2477 | 0.2442 | 0.2294~0.4158 | 0.24 | <0.001 | 0.16 | <0.001
% JJA 158 1 0.2176 | 0.1999 | 0.1643~0.4712 | -0.27 | <0.001 | -0.17 | <0.001
< SON 194 | 0.1591 | 0.1441 | 0.1653~0.4534 | -0.03 | 0.693 | 0.03 0.508
DJF 202 1 0.2217 | 0.2184 | 0.2373~0.3886 | 0.07 | 0312 | 0.05 0.271
ALL 264 | 0.1082 | 0.0954 | 0.0850~-0.3440 | -0.09 | 0.154 | -0.04 0.348
a2 MAM | 69 | 0.1128 | 0.1088 | 0.1390~0.2760 | 0.37 | 0.002 | 0.25 0.002
% é JJA 68 | 0.1479 | 0.1438 | 0.1660~0.3440 | 0.22 | 0.068 | 0.19 0.020
“ 4 SON 65 | 0.0551 | 0.0372 | 0.0850~0.3240 | -0.12 | 0.350 | 0.02 0.850
DJF 62 | 0.0923 | 0.0884 | 0.1310~0.2520 | 0.27 | 0.035 | 0.20 0.022
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Table 5-9. Statistics between daily AMSR-E D_SM and KoFlux Soil Moisture for two KoFlux
Sites.

SITE |SEASON| n

ALL 771 | 0.2260 | 0.2153 | 0.1668~0.4646 | -0.15 | <0.001 | -0.10 | <0.001

E MAM 216 | 0.2598 | 0.2564 # 0.2343~0.4254 @ 0.16 | 0.019 | 0.12 | 0.010
% IJA 157 | 0.2195 | 0.2035 | 0.1668~0.4646 | -0.23 = 0.004 | -0.14 | 0.009
E SON 195 | 0.1693 | 0.1572 | 0.1679~0.4511 | 0.02 | 0.741 | 0.03 | 0.542
DJF 203 | 0.2394 | 0.2364 | 0.2372~0.3982 | 0.08 | 0.234 | 0.05 @ 0.257

ALL 260 | 0.0968 | 0.0851 @ 0.0850~0.3290 | 0.01 0.885 | 0.03 | 0.442

a4 MAM 68 | 0.1035 | 0.0995 | 0.1360~0.2820 | 0.35 0.003 | 0.21 | 0.011
% § JJA 69 | 0.1321 | 0.1286 H 0.1670~0.3290 | 0.32 | 0.007 | 0.22 | 0.008
“ T SON 67 | 0.0443 | 0.0319 | 0.0850~0.3140 @ 0.03 0.811 | 0.02 @ 0.772
DJF 56 | 0.0814 | 0.0778 # 0.1310~0.2360 | 0.34 | 0.009 | 0.24 & 0.009
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Table 5-10. Statistics between daily AMSR-E SM_MEAN and KoFlux Soil Moisture for two

KoFlux Sites.
Obs. range
SITE | SEASON | n , g
(min~ max)
0.1668~
ALL | 1042 | 02184 02075 015 | <0001  -0.09  <0.001
0.4523
02319~
MAM | 292 02518 02485 239N 021 <0001 014  <0.001
jan
& 0.1668~
E TIA 213 02154 01992 OO go5 <0001 -0.16  <0.001
SON | 264  0.1625 | 0.1497 Oblgg?’l" 0.00 | 0948 | 003 | 0543
02372~
DIF 273 022903 02261 232X 008 0172 006 | 0.126
ALL | 359 | 0.1015 00896 00850~ ' 45 0383 | -001 0875
03125
MAM | 92 0.1071 0.1035 001‘2“7)‘1); 038 | <0.001 022 | 0.002
wn
28 0.1690
Els A 92 01382 0349 0190035 <0001 025 <0001
2=
SON 89 | 0.0489 00335 00850~ " 405 0626 002 @ 0816
0.3140
DIF 8 | 0.0886 00845 01310~ 1 550 0008 019 @ 0010
: : 0.2520 : : : :

112 dzenA



05

0.45

04 L

035 T | \ L |

| \
0.25 [ —— KoFlux
'\u ——AMBSR-EA_SM

JR I ¥ 1!4 %
035 ‘ ok |
" N AL f\ i

025 1

|.1 ——KoFlux

¥ 1
“ \ e
02 AMSR-E D_SM

0.15

01

T T T
2004 2005 2006 2008

05

045

04 i

> T
A

M— —— KoFlux

0325 1 X
k‘ = AMS3R-E 5M_MEAN
02 N
015 |
005 ,I | t=H|
0 T T
2004 2005 2006 2008

Figure 5-17. Time-series of KoFlux Soil Moisture and daily averaged AMSR-E (a) A_SM, (b)
D_SM, and (c) SM_MEAN in Haenam station (Unit: g/cm3).
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5.1.4.3 &% NOAH-LSM E77 vs. KoFlux EY57

NOAH-LSM AREH AE5E<] B3} KoFlux ¥5 B4 k= Hlwsial
TH(Table 5—11). NOAH-LSM AFEE-2 3AIZF 7HH 02 AAtE=d|, o5 €H= 1
T et gk 30Emch AakE = KoFlux A S 9¥lE 2% Hdh ghs v|wskd
ok e A 49 p ghellx] & 5 % F KoFlux AR elA] o= Aldel o
3 e Ave FAAHoR {8t AuEAE Holx FEaith et RMSE, MAE
22 gk oF 28] AMSR-E9} KoFlux #5 #b& Hlweh ZA¥e} Hlwsto] & uf g
A7) 79w GEA| YERsT

g A €9 H3 NOAH-LSM E%F 8 A5 KoFlux ¥& AH8S ]
WAt (Figure 5-18). AMSR-E = =i #}5.2] 4-9-9F wlarste] k] o] v

o [e) [e) 2~ SEO
G A e B QAo A s itk
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Table 5-11. Statistics between monthly NOAH-LSM Soil Moisture and KoFlux Soil Moisture for
two KoFlux Sites.

SITE | SEASON | n (glli’lsl’mrf;‘ag:)

ALL | 40 00701  0.0539  0.1947~03808 0.7 028 006 0.8
= | MAM | 11 00465 00315 02546~03741 -0.15 065 -0.05  0.82
% JA |8 00937 00764 02007~03808 061 011 043 0.4
£ | SON | 11 | 00898 00793 0.1947~03513 051 | 0.11 016 & 048

DIF | 10 | 00371 00325 02628~03663 -0.07 086  -042  0.09

ALL | 12 01471 0.1368 0.1087~02521 025 043 @ 0.15 049
Lz MAM 3 00994 00869 0193202157 068 052 033 06
%g JA 3 01428 01426 02281~02521 082 038 033 | 06
“% 0 SON | 3 02117 02111 0.1087~0.1680 077 | 044 033 | 06

DIF | 3 01072 0.1068 0.1559~02089 091 027 033 06
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Figure 5-18. Time-series of monthly NOAH-LSM Soil Moisture and KoFlux Soil Moisture in

Haenam station (Unit: g/cm3).

5.1.4.4 9% NOAH-LSM EoFE vs. KoFlux ESF%

NOAH-LSMS] A5 oA €9 H]
AE & 5 QS S5 gorg ol EE o]fsle] v,
At AFmi= NOAH-LSMO] 7% 3AIF AFEES BF st 48 sz

911, KoFlux &= A85E 308 A85E 257 Fdste] A gz Assieich

=
T
T
1o
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o
=3}
r
1o
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o
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o
r )
r )
X
L
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r o
. o
N
M
1
tlo
S
o
ol
o

r (
ol
o

g BA3F A= 9 vjw A% dye) v gE2A Jehdcl el A4
T ALHE ALt AS BT 1% o5l AR E Fonst JAAAE
53] 7FEe] vwA =4 YERSTHe = 0.53; Table 5—-12).

=
Arpe] ASely BAL Adelnt BE 1% folsEed BANCE fond 4
A

0.6, 0.58, 0.75; Table 5—12). 22} k2 Ankd 242 Hg-oll= H]523t 20| AL}
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o A vERstod, g A319] Aol AMSR-E o] - dH o A
#h& HSITH(Table 5-12).

NOAH-LSM E%F 9 A&7 KoFlux #5 AH=E H)
walcH(Figure 5—19). 94 vlus}l v AMSR-E EY 72 A9 4-5-%
Hlwato] Q@xke] FHol wi- AL A5 wEE = qllont "W k(2006 3

o) Alekar A 2 SEA ook

Table 5-12. Statistics between daily NOAH-LSM Soil Moisture and KoFlux Soil Moisture for two
KoFlux Sites.

SITE |SEASON| n MAE (?n':l'm r:'ag;)
ALL 1050 | 0.0745 | 0.0576 1 0.1668~0.4523 | 0.26 | < 0.001 0.16 | < 0.001
an) MAM 293 1 0.0414 |1 0.0313 0.2319~0.4162 0.27 @ < 0.001 023 | < 0.001
% JJIA 214 1 0.1032 | 0.0847 0.1668~0.4415 0.6 @ < 0.001 045 | < 0.001
< SON 270 | 0.0972 | 0.0844 | 0.1679~0.4511| 0.53 | < 0.001 0.38 | < 0.001
DIJF 273 1 0.0428 | 0.0379 [ 0.2372~0.3905 | 0.02 0.8 -0.05 0.23
ALL 361 | 0.1501 | 0.1392 1 0.0850~0.3125| 0.29 | < 0.001 0.23 | < 0.001
A [-(ﬁ MAM 92 | 0.1051 | 0.095 |0.1400~0.2715  0.08 0.45 0.08 0.29
%é JIA 92 0.145 | 0.1426 1 0.1690~0.3125| 0.6 | < 0.001 045 | < 0.001
Z;'> SON 91 |0.2141 | 0.2113 | 0.0850~0.3140| 0.58 | < 0.001 0.27 | < 0.001
DJF 86 | 0.1084  0.1066 0.1310~0.2520| 0.75 | < 0.001 04 < 0.001

P EA KRS B 7HE LAl - oS T e 117



05

045 |

oss 1Ly N \
0s b LN i
025 \ I" A o ‘ I Il ' K KoFlux

- | b \ “ 'l ) I —— NOAH-L5M
0'2 WA

0.15

0.1

0.05

T T T
2004 2005 2006 2008

Figure 5-19. Time-series of daily aveaged NOAH-LSM Soil Moisture and KoFlux Soil Moisture

in Haenam station (Unit: g/cm3).

5.1.4.5 AMSR-E ES#3 NOAH-LSM Eokr+-o] Agt

AMSR-E B2 279} KoFlux ¥ —g— JHE vl A-9-eH(Table 5-8),
NOAH-LSM E%E AE5E3 KoFlux #5 35 9¥=z dH|lwst 4$-=(Table
5-12) A¥a o], Aupd 7oA 542 4§ AMSR-E ETi A5E o83 4
1% FrTelA BAACR Foust daiAlE B o (r = 35), NOAH-LSM
o] 79 2¥A Fapitk et 1 wtell A3-9-elli= NOAH-LSMe] KoFlux #5 gtell
AN < B =i

2 AFeM e AHEES o] &t B9rt 24 kS o] &dt Aent i
= kol 7k BT ik Algshe A B 5 ST 2eiv 5 Avkd 279
A5t v R Ande] At 4 914 @AdelM EES AsRy $rd A

<= OM_E <14 °§’§> oM EEd B AR AuEde) Aeme] B A
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oA Bk e A AR vt AR Egkont B AtellA saet Tha
Al H oS o] BE 9 A5 s AREstal gloPE AMSR-E EOLr—r 22 9}
NOAH-LSM Ei# 2==0] 285 9 As5E o]&ste] F3siqirk

9 AMSR-E 14 9AF AH79] 25x25km AAfe] 2hro] NOAH-LSM E ok

S A SlaL, A7) Axt dRelA 39 A4S Sl AduAlE el

(Flgure 5-20). ¥ JigE 20029 7€l 2011d 9€7HA F AErF 7HEE
A2, AA AE, 33, A5H, 7E, AsHelM 27 111, 27, 29, 28, 27 /E
o] AREEGITE AP A A RS JFTE B BA gk B)el| o Aot I
o}& r # A ¢ o]l AL Al EFEo] JddME Fols r gk AFRg

“

o,
B9 Aol FAGS wel FUEsh AR s FHYE Aolo] ww
A AR ) elkow (Figure 5-20b), 7FeHel= Faiol Aelnt A7) 2

l‘l

AePd= I A (Figure 5-20d), ALdolls el s A Sollr] =2
BHAE BoH(Figure 5—20e). ofFHole= HAXC®E AMSR-E EdrE3%
NOAH-LSM E&r AEE9] AadArZE w8z, s At ssliehe Alejgh
A Aof|A] Hlwd 52 JHATE Bt (Figure 5—200).
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Figure 5-20. Pearson’s r between AMSR-E Soil Moisture and NOAH-LSM Soil Moisture during
(a) all season, (b) MAM, (c) JJA, (d) SON, and (e) DJF (Unitless).
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Figure 5-20. (Continued). Pearson’s r between AMSR-E Soil Moisture and NOAH-LSM Soil
Moisture during (a) all season, (b) MAM, (c) JJA, (d) SON, and (e) DJF
(Unitless).

TAHRIEE 25X 25km AANES o]gste] 39 REs 7538tk o] W, dA 4
e B5F ZeATE A9 ABEATE 1% F95dH BAFeR fosrls s,
B R AudAE JeRich wet] ARlE Felld AMSR-E B
NOAH-LSM ESFr# AFE=9] Joj& Al grol 4Rl AARE ARgst 73-9-9F o
& ABAS #ho) 0.5 o)l AxE AREE tfste] REks 7EFlvH(Table

-13).
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Mala) gaov] BAs o5A, ALAE A A4 MR 499 o] o] An
AZ et 7128 5% Re5EAN BANORE forlsin P JRuAE
ugoxt AR ol kA X 2k Slels ARASF 05 oPgl A X
AR ASE B AL Agoli d@ehs Axrt EAS gtk 1
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Table 5-13. Statistics between monthly AMSR-E SM_MEAN and NOAH-LSM Soil Moisture.

LSM
int
VARIABLE|SEASON| n |RMSE| MAE [range (min| slope “Le:
~max) P
0.1658~
ALL 8880 02096 02037 /98 001 032 o om
MAM | 1566 02055 0.1981 01638~ " 413 033 | 012 < 0001
: : 0.4546 : : : :
For pixels 02178~
with UA 3480 0233 02283 O2)TE% 004 035 -0.04 003
> 0.0 :
SON | 1512 02186 0215 @ 02104~ 1 453 1 431 018 | < 0.001
04121
0.1862~
DIF 1296 0.198 | 0188 30013 032 0.1 < 0001
0.1908~
ALL | 333 02353 02334 308 100 022 045 < 0.001
For pixels 0.2339~
with 1 WA 957 02205 02177 UZ30 018 032 0.2 < 0.001
> 05 :
0.2833~
SON 196 | 02061 02034 28330 037 030 04 < 0.001
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711.09) ¢+ #BA0.22) 5 olgslo] AMSR-E A& #e A@A7]3, ol Tt
KoFlux #5 EF #t@ v|wsilth(Table 5-14). AMSR-E #}5.2] Hg2 413
olFo|lnE F W4 ko] APAF T WA ¢ekor), RMSE, MAES] @aF gk
Hgksioint. s A17e] A, eab glo]l BE Al il sl on euh Awt
A AReM s o5 - tiste] eab #teol asiglont o Al ﬂkﬂw“ B
7Felsit. dapror dojxl e Ao oAb g AHEE AEEE KoFlux ¥
EofrEat nlaskels W 9aF gk o Hrk

o]7]e] 1% 24 55 1%%}0% T E%’
A7 o worE ¥ =]

Zloltt. olglAl AM B xh&} NOAH-LSM E%5E FHES ZAdlslo]
A G EF AR BEYTE T w7 F1E AR EE =Y ¢
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Table 5-14. Statistics between converted AMSR-E Soil Moisture and KoFlux Soil Moisture for
two KoFlux Sites.

SITE | SEASON | n ((z::::?:ag:)
ALL | 40 00638 0.0483 0.1947~03808 044 0 | -031 001
= MAM | 11 00371 00317 02546~03741 039 024 027 | 024
% WA 8 00746 00604 02007~03808 -0.64 009 043 0.4
< SON | 11 00931 00816 0.1947~03513 02 057  -0.16 048
DIF 10 00281 00204 02628~03663 032 036 024 | 033
ALL | 12 01542 01475 0.1087~02521 029 035  -0.18 041
Lz MAM | 3 01296 01296 01932~02157 099 007 1 0.12
%é WA 3 00987 00983 02281~02521 06 | 059 033 | 06
“7 0 SON | 3 02148 02133 0.1087~01680 073 048 033 | 06
DIF 3 01496 01486 01559~0208 09 | 028 1 0.2

5.2 7V A 9 o nd X3
5.2.1 7FF TA] 299 AH

15 o] H3H(SETI, SET2, SET3, SET4) M= 7} &3 WH4o] i3l random
forestolld WE-AQl @2} 4 W<l out—of—bag(OOB) < %—GH RMSE 4% 7z}
o] AARl FLEE sk gk H3 W] AAIYD g random forest ‘j%]v
AVE] AAL g olgste] o] & Aol ARAGFRY) whe Ttk AU S
Q5 g WgTF 2EEA] ks A9 S7FRs Mean Square Error (MSE) o] =
A=

B&(%IncMSE) & A 3-5+=t|, o}7]4 ¥ WFEES vt folstes AR
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A= WEe] T8% o] 100%7F Hes Wig= sl

7y ol Wge] A HE H3E wige] dist RMSE ke 29 iyl A4

RMSE(SET4) > RMSE(SET1) > RMSE(SET2) > RMSE(SET3) °& UrEMf &*
S & F e, ole B2 WTE AEETE ot HopxlE As veRAtH(Table
5-15). NDDI59} NDDI6S] @} gho] 712 Adtjal o s a4 vehbet), o= A 3%
o] BRE o]F= NDWISH NDVIC] Fo] mll$- 22 Fro] o] NDDI5, NDDI6 <]
 AAE - A= A9 T 7] wiiEolth HaE WG gt 2 Ay g Ajo]
o] ARASG #& Hol= R*(SET3) > R*(SET2) > R*(SET1) > R*(SET4) % SET3
o] B¢ 7P AAFT A vehd 7P e e e BE)Itk(Table 5-16).

TRMM PRCP 59 gole= W A% Ao Rl 22 o2p7) Yepto ==,
AE W 3 e vl 4] Al olelgh Ao @Ak Alo|7 Erluks o 9l
oh 9 Gl =ES Asu diftE 7% AeRks ARSshs OToﬂL(SETML
SET4) amie A9 7174 @5 Al SiRlel s 241 3k vhd, Aded 4

ghet -9-o=(SET28} SET3) @t #|odel] fx]gt A5 2ol oisfiAwt &
Mg T wEolth olydt x9A Wl avE Aldsh] fl@ll SET1% SET4
St A7E 1ol SET1S et AYefrt #8ste] SET2 W SET3%} H|wato]
rde] Aol SET29 SET3 Alele] X3t} =, H3 |
2R g gads] mdo) Aol SRtk ey AvHow 7‘% A9E go=
o_ﬂ,

- E
O W2 T Ele 0 -390 -
Al B2 Wi E IS A9 Bl Aol e o AUATh

A7 EAF RIZE BEF I LAl - oIS 7I= e 125



Table 5-15. RMSE of random forest models for target variables.

Target Variable SET1
SPI1 0.5536 0.5044 0.4784 0.617
SPI3 0.5993 0.5417 0.5196 0.6782
SPI6 0.6118 0.5417 0.5192 0.678
SPI9 0.6067 0.571 0.547 0.709
SPEI1 0.5526 0.5008 0.4764 0.6126
SPEI3 0.6054 0.5582 0.5338 0.6821
SPEI6 0.6189 0.5494 0.5276 0.6845
SPEI7 0.6189 0.5821 0.5547 0.7267
NDWIS 0.06 0.0532 0.0438 0.0692
NDWI6 0.1162 0.1148 0.0954 0.1366
NDWI7 0.1463 0.1576 0.1339 0.1772
NDDI5 1.7041 0.7937 0.7186 1.7415
NDDI6 4.2703 2.227 2.1758 4.2826
NDDI7 0.3335 0.2603 0.2362 0.3532
NMDI 0.0848 0.0695 0.0666 0.0884
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Table 5-16. Coefficient of determination (R?) of random forest models for target variables.

Target Variable SET1
SPI1 0.65 0.71 0.74 0.56
SPI3 0.58 0.65 0.68 0.45
SPI6 0.56 0.67 0.69 0.45
SPI9 0.57 0.64 0.67 0.39
SPEI1 0.65 0.71 0.74 0.56
SPEI3 0.61 0.68 0.71 0.50
SPEI6 0.59 0.69 0.72 0.49
SPEI7 0.60 0.67 0.70 0.43
NDWIS 0.44 0.43 0.61 0.25
NDWI6 0.50 0.44 0.62 0.28
NDWI7 0.56 0.45 0.62 0.31
NDDIS 0.06 0.23 0.37 0.02
NDDI6 0.01 0.05 0.10 0.01
NDDI7 0.25 0.27 0.41 0.14
NMDI 0.23 0.26 0.33 0.14

7Fd A8 RMSESF 2 AAGE 8el BE Qg WSS o} ¥33k el SET3
o] Aol hstel ZF = W A FeeE ASRIH(Table 5-17). SPI,
SPEL®] #5 7INke] H3p Wpof 12V Zxo] B3 WSl thaliA
TRMM PRCP7} TQ%7F tedor & Zo=x yehgth(Table 5-17). ©li= 24
SPI¢] AHAof| ZFemks Abgasln] SPEIE 7o) 7P $93 W4s 2o)7] wiE
of st Aretar & 4= it} o] who e WMrE] A4 FoEE BY, 94 94

el =& 18 WS F MODIS PETZF 2257} 7 An, 1 v o2& iyt

=
%
.
rlr
[3u!
iy
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B 71§ A T8 W s Alo® YERstH(Table 5-17). Z12]al AR
AFEE<R] LSM POTEVAPS} LSM SOILMOIST, LSM EVAP 9] FQ%7h #A| vet
WtHTable 5-17). TR 14 3ol =ad o Wse Tokes wlsedhd], 4

21921 EVIQF NDVI®| Q%7 71 5 7P 22 Ho|th(Table 5—17).

Table 5-17. Relative importance of input variables for each target variable based on observed
data(Unit: %).

Input Variable ‘ SPI1 ‘ SPI3 ‘ SPI6 ‘ SPI9 ‘SPEII ‘ SPEI3 ‘ SPEI6 ‘ SPEI9

AMSR-E A_SM 3.60 3.40 2.70 2.66 3.65 2.95 2.35 2.56

AMSR-E D_SM 3.56 4.04 3.45 2.59 3.48 4.33 3.69 2.69

AMSR-E SM_MEAN | 4.15 4.06 3.68 2.95 3.80 3.76 3.53 3.22

MODIS LST MEAN | 4.69 4.43 4.11 4.49 3.97 4.51 3.76 4.81

MODIS LSTDAY 4.08 3.80 3.85 4.68 4.12 4.38 3.68 4.14

MODIS LSTNIGHT 4.42 3.99 3.78 3.10 3.46 4.03 3.44 3.12

EVI 1.58 2.03 2.54 2.50 1.92 1.95 2.15 1.93
NDVI 1.65 2.58 1.94 2.16 1.40 1.83 1.31 2.26
FPAR 2.89 2.17 2.64 2.95 2.78 2.30 241 2.30

LAI 2.58 2.13 2.65 2.67 2.69 2.06 2.37 2.68

MODIS ET 3.57 2.84 3.41 4.20 3.10 2.28 2.78 2.77
MODIS PET 6.48 6.43 7.27 7.95 9.14 8.11 8.48 9.11
TRMM PRCP 26.8 26.6 25.8 26.2 254 26.2 28.0 26.9
LSM EVAP 3.94 4.15 5.57 5.37 4.37 3.32 5.40 5.21
LSM POTEVAP 5.62 5.92 6.04 5.35 6.58 6.38 6.41 5.84

LSM SOILMOIST 5.63 6.92 5.82 5.14 5.79 6.43 5.46 4.90

AO 8.32 7.30 6.48 7.27 7.71 7.73 6.98 7.94

MEI 6.42 7.20 8.30 7.80 6.66 7.48 7.75 7.66
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o Gl EEF Hx wgel] thelixe o2l wiste] tiatR 7]5 A5l
AOC}F MEIS] AUld 257t 7 & Ao = Yelsth(Table 5-18). A3 AIgF 4
Lol wt theFeiAl &8 4 Qe SPIL SPEI 32 WHeh= tf=2 A 914 G7elM =

AR

%% NDWI, NDDI, NMDI9] 3 W= 25 & 7R s AAlshe 5d3
A& 7ML glerg o] T AARAT #ol 7P & NDWIEE $Ho% Y sl
TREE AFEITE NDWIGS] 49 AO, MEI thyo® Al Fowrt & {1
W4== MODIS ET1, TRMM PRCP6, LSM POTEVAP1 5o|th(Table 5-18). Hhd,
FPAR, LAI 2 7F¢ 22 T 255 YERlitH(Table 5-18).

Table 5-18. Relative importance of input variables for each target variable based on remotely
sensed data (Unit: %).

Input Variable ‘NDWIS ‘ NDWI6 ‘ NDWI7 ‘ NDDIS ‘ NDDI6 ‘ NDDI7 ‘ NMDI

AMSR-E A SM 2.39 2.34 2.46 2.24 2.54 2.34 2.79

AMSR-E D SM 2.76 2.66 2.54 242 2.11 2.39 2.56

AMSR-E SM_MEAN 2.08 2.39 2.48 243 2.20 2.07 245

MODIS LST MEAN 3.34 2.88 3.04 3.31 4.45 2.73 3.85

MODIS LSTDAY 4.47 3.70 3.67 3.74 4.72 3.97 3.56

MODIS LSTNIGHT 2.23 2.88 2.64 343 5.48 3.04 2.95

EVI 2.17 2.85 3.04 2.34 1.43 1.88 1.84
NDVI 1.75 2.72 3.23 1.25 0.68 1.40 1.49
FPAR 1.91 2.13 2.32 1.95 1.02 2.44 2.23
LAI 1.61 1.83 2.05 2.25 2.48 2.20 2.12
MODIS ET1 4.12 4.79 4.90 3.17 3.93 3.71 2.98
MODIS ET3 2.87 3.24 3.55 3.84 3.95 3.73 3.38
MODIS ET6 2.96 2.65 2.46 2.75 1.42 3.00 4.07
MODIS PETI1 3.10 4.13 4.25 3.51 3.34 3.48 3.75
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Input Variable ‘NDWIS ‘ NDWI6 ‘ NDWI7 ‘ NDDIS ‘ NDDI6 ‘ NDDI7 ‘ NMDI

MODIS PET3 3.82 4.17 4.04 3.18 1.85 3.66 3.46
MODIS PET6 3.58 3.73 4.07 4.17 5.45 4.56 4.50
TRMM PRCP1 4.22 4.02 3.98 4.10 5.76 3.61 4.03
TRMM PRCP3 3.98 3.40 3.28 4.69 4.57 4.90 5.38
TRMM PRCP6 4.69 441 4.36 5.35 2.40 4.79 6.22
LSM EVAPI 3.42 3.34 3.01 3.10 3.67 3.90 3.23
LSM EVAP3 2.78 3.25 3.68 2.99 2.74 343 3.39
LSM EVAP6 3.17 3.07 3.02 2.67 3.35 2.98 3.56
LSM POTEVAPI 3.98 4.18 3.62 3.06 6.12 3.76 3.63

LSM POTEVAP3 4.51 4.14 4.23 4.29 3.72 3.95 431

LSM POTEVAP6 3.80 341 3.99 3.10 3.93 3.02 3.10

LSM SOILMOIST 3.23 2.78 2.89 4.37 5.40 3.90 3.80

AO 8.27 7.56 6.78 8.00 6.07 8.12 5.09

MEI 8.79 7.33 6.40 8.31 523 7.03 6.27

AsHow A% 24 B4E 44 G £20 0¥ 9 ﬂﬁLE'_ NF A%,
CEERIEEE Rt

random forest F2! ﬁ’ﬁﬂ?ﬁx

&
s

PI, SPEI®] #=5 A5 7|HES] WS Hx ?E
315]@3}7] Fetal 7ha, 594 7he 5 A¥E
7]’% 65‘3101] = %%—"“‘ T et 53] 71deA 7He Abalel A Oﬂﬁx]—‘é
SPI1¥} SPEI19] tisf4] RMSE kel 7Fd 2ot 94 94 7Hke] E3E W= 2149
el 5= ol &8 = T, o] BF AT dhol 2 NDWI6L NDWI7 -5
o] E3f RIF7F H-83 0w Helth Hi w4 SPI1, SPEIL, NDWI6, NDWI7<]
= ## random forest Z2& Sl Y ghs AbEEE YERTH Figures 5-21
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Figure 5-21. Scatterplot between observed SPI1 and estimated SPI1 based on a random forest

model.
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Figure 5-22. Scatterplot between observed SPEI1 and estimated SPEI1 based on a random

forest model.
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Figure 5-23. Scatterplot between observed NDWI6 and estimated NDWI6 based on a random

forest model.
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Figure 5-24. Scatterplot between observed NDWI7 and estimated NDWI7 based on a random

forest model.
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5.2.2 7FE o5 249 4F

7ha A BE O Al 7P 2R et gt 7R 2 ARAE we B29lE Y
Wo] g SET37 94 2delli T3 o= wigwhs AREs SET4el disiA 7f
T A5 Adss APtk B W 7R AAle] A9k s 1, 3, 6, 971€

AIZE #22] SPI, SPEI W 914 9ol =&t 7He #1471 NDWI, NDDI, NMDIE
AREEFIEE A4 Wi EelA Adaigie] 17HEelA 67087148 A3 o5 A7Hn
= 1~6)l diall wAskeick vlEle] 7hH Adelel tigt d5S $iet mo]mE Qe W
o} B3 W0 WA gho] o AmE Syl HEdl, 7] AE oS Akl o]
A Y Rigel HaE Wl A Y FE UIEelA 37 ksl ARg-ato]
519 (pm = 1~3).

WA A el EEFshe o Wk /\F‘l Sk SET4¢] A8 o= AlRtn 4l
AR A 712 pm ' RMSEE "alﬁﬂl‘i‘”ﬁr. &) oS5 AlFto] dojdrs ef gk
o] A=} F7Fshd (Figure 5—25) AREeh= 18 W9 A g 471 Eojubd o)

#hol Fash= 2o = YepstH(Tables 5-19, 5—-20).

T A oS AlRre] 17120l 671ER SV SUbeRe o4F B HUE 2
3l E3sh= 3 JiY Seofl wiel RMSE gro] A Walehs 28 #Ee 5= 9ot
(Tables 5—19, 5-20). 94 Gl =& Hx HFEEC ds)] AuHgks w=
NDDI5€] 7Z-¢- 5714 A o= A7 RMSE7} %14 ow 7t 670€Y o
Z Zo7 Al o NDDIGS 74-9- RMSE7ZF th2 WSl ujal vi¢- a4 el
(Table 5-20) ©] -+ W+ FARI B TR AF%%VM] FAge Zlow =
Wk AAT s ATEY, A9 oS5 Afle] ALSE R glo] fhashe s &
& 3lom (Figure 5-26), ARS-3F oJ= W 9l H3f W] 71A ko] /g $7F A-
G2 R? Fho] 7k H(Tables 5-21, 5-22).

A7 EAF RIZE 857 ZAl- oIS 7I= e 133



0.85 -

0.80 - __—

0.75 - —SPI1

0.70 - —SPI3
= 0.65 =—=SPI6
E 0.60 - —5SPI9

0.55 E— —SPEI1

0.50 - ——SPEI3

0.45 - ——SPEI6

0.40 T T T T T 1 =—SPEI9

n=1 n=2 n=3 n=4 n= n=6
Lead Time

Figure 5-25. RMSE of random forest models for target variables based on observation data
with various lead times and fixed number of past months (three months) used as

input.
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Table 5-19. RMSE of random forest models for target variables based on observation data

with various lead times and numbers of past months used as input.

Target
Vanfble i
SPII | 08590 | 08478 08604 = 08834 = 08523 | 0.8644
SPI3 | 06136 | 07500 = 08175 = 08176 | 0.8200 | 0.8262
SPI6 | 05186 | 0.6421 | 07043 07454 | 07827 | 0.8093
SPI9 | 04747 | 05668 = 0.6006 = 06185 = 0.6314 | 0.6426
PR UShEN 0mss1 | 0sass | 08453 | 08714 | 08409 | 08578
SPEI3 | 0.6549 = 0.8009 = 08623 = 08693 = 08717 | 0.879%
SPEI6 05543 0.6881 | 07451 | 07910 = 0.8215 | 0.8485
SPEI9 | 05215 = 0.6204 = 0.6565 = 06680 = 0.6692 | 0.6680
SPII | 07683 | 07844 | 08126 & 08016 = 07920  0.8301
SPI3 | 05626 | 0.6664 = 07626 = 07577 07641 | 0.7706
SPI6 | 04682 | 05708 = 0.6385 = 06820 07187 | 0.7671
SPI9 | 04331 | 05187 = 05459 05592 | 05754 | 0.5850
PR =2 TUSPEN | 07699 | 07774 | 07946 | 07900 | 07816 | 08247
SPEI3 05994 = 07078 = 0.8093 | 08199 = 0.8290 | 0.8291
SPEI6 | 0.5054 = 06163 = 06819 = 07283 | 07551 | 0.8010
SPEI9 | 04787 = 05758 | 0.6032 06064 = 0.6030 | 0.6080
SPIIl | 07363 | 07634 = 07631 07697 07784 | 0.7816
SPI3 | 05164 | 06361 | 07257 07258 | 07361 | 0.7303
SPI6 | 04448 | 05502 | 06126 = 06458 | 0.6944 | 0.7257
SPI9 | 04195 | 04859 | 05024 = 05198 | 0.5323 | 0.5454
PR3 TUSPEN | 07354 | 07510 | 07448 | 07602 | 07694 | 07845
SPEI3 | 05496 = 0.6748 = 07767 = 07974 = 08017 | 0.7932
SPEI6 | 04729 = 05886 = 0.6512 | 06838 07288  0.7588
SPEID 04696 = 05458 | 05530 | 05574 | 05532 | 0.5663

% n: lead time, pm: number of past months used.
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Table 5-20. RMSE of random forest models for target variables based on remotely sensed

data with various lead times and numbers of past months used as input

NDWIS 0.0564 0.0672 0.0701 0.0711 0.0723 0.0709

NDWI6 0.1117 0.1339 0.1383 0.1407 0.1430 0.1413
NDWI7 0.1296 0.1645 0.1727 0.1785 0.1812 0.1774
pm = 1 NDDI5 1.7216 1.7522 1.8025 2.0011 2.0445 19.5122
NDDI6 3.4360 3.3498 4.1827 4.4421 4.4467 5.6319
NDDI7 0.2956 0.3256 0.3348 0.3590 0.3642 0.3600
NMDI 0.0688 0.0783 0.0827 0.0867 0.0893 0.0887
NDWIS5 0.0525 0.0633 0.0667 0.0682 0.0678 0.0677
NDWI6 0.1029 0.1250 0.1314 0.1345 0.1352 0.1330
NDWI7 0.1147 0.1495 0.1632 0.1683 0.1686 0.1651
pm = 2 NDDI5 1.7511 1.7862 1.8274 2.0069 2.0693 20.3156
NDDI6 3.2567 3.4169 4.2848 4.5435 4.5343 5.7741
NDDI7 0.2715 0.3057 0.3233 0.3421 0.3456 0.3453
NMDI 0.0673 0.0771 0.0820 0.0858 0.0863 0.0843
NDWIS 0.0519 0.0618 0.0652 0.0652 0.0652 0.0660
NDWI6 0.1008 0.1231 0.1288 0.1299 0.1288 0.1297
NDWI7 0.1118 0.1467 0.1587 0.1597 0.1580 0.1584
pm =3 NDDI5 1.7887 1.8176 1.8581 2.0369 2.1044 20.9565
NDDI6 3.3341 3.4910 4.3708 4.6458 4.6300 5.9065
NDDI7 0.2600 0.2990 0.3131 0.3298 0.3333 0.3375
NMDI 0.0672 0.0772 0.0819 0.0842 0.0831 0.0810

% n: lead time, pm: number of past months used.
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Figure 5-26. Coefficient of determination (R?) values of random forest models for target
variables based on observation data with various lead times and fixed number of

past months (three months) used as input.
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Table 5-21. Coefficient of determination (R?) values of random forest models for target variables
based on observation data with various lead times and numbers of past months used
as input.

SPI1 0.17 0.20 0.17 0.14 0.19 0.17
SPI3 0.55 0.33 0.21 0.20 0.21 0.19
SPI6 0.69 0.52 0.42 0.34 0.27 0.23
SPI9 0.73 0.61 0.54 0.49 0.47 0.44
pm = | SPEI1 0.16 0.19 0.19 0.13 0.19 0.16
SPEI3 0.54 0.30 0.20 0.18 0.19 0.17
SPEI6 0.67 0.49 0.40 0.32 0.26 0.21
SPEI9 0.71 0.57 0.51 0.47 0.45 0.43
SPI1 0.38 0.38 0.35 0.35 0.35 0.30
SPI3 0.63 0.49 0.35 0.35 0.35 0.35
SPI6 0.75 0.63 0.54 0.47 0.41 0.33
SPI9 0.78 0.66 0.60 0.58 0.56 0.54
pm = 2 SPEI1 0.38 0.39 0.37 0.37 0.36 0.29
SPEI3 0.62 0.48 0.33 0.31 0.30 0.31
SPEI6 0.73 0.60 0.51 0.44 0.40 0.33
SPEI9 0.75 0.63 0.57 0.55 0.54 0.53
SPI1 0.49 0.47 0.46 0.42 0.43 0.42
SPI3 0.69 0.55 0.43 0.43 0.44 0.45
SPI6 0.77 0.66 0.58 0.54 0.47 0.43
SPI9 0.78 0.69 0.66 0.64 0.62 0.61
pm =3 SPEI1 0.49 0.48 0.49 0.45 0.44 0.42
SPEI3 0.68 0.54 0.41 0.37 0.38 0.39
SPEI6 0.76 0.64 0.57 0.53 0.46 0.43
SPEI9 0.76 0.65 0.62 0.61 0.61 0.60

% n: lead time, pm: number of past months used.
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Table 5-22. Coefficient of determination (R?) values of random forest models for target

variables based on remotely sensed data with various lead times and numbers of

past months used as input.

NDWIS5 0.47 0.26 0.23 0.22 0.21 0.24
NDWI6 0.49 0.28 0.25 0.24 0.23 0.24
NDWI7 0.61 0.38 0.33 0.30 0.28 0.31
pm =1 NDDIS 0.06 0.03 0.02 0.01 0.04 0.00
NDDI6 0.06 0.01 0.00 0.00 0.00 0.00
NDDI7 0.37 0.20 0.18 0.14 0.14 0.17
NMDI 0.47 0.32 0.26 0.20 0.15 0.17
NDWI5 0.53 0.36 0.31 0.29 0.30 0.30
NDWI6 0.56 0.39 0.34 0.33 0.32 0.33
NDWI7 0.69 0.50 0.43 0.41 0.41 0.44
pm = 2 NDDIS5 0.04 0.02 0.03 0.04 0.05 0.00
NDDI6 0.04 0.00 0.00 0.00 0.01 0.00
NDDI7 0.44 0.27 0.24 0.21 0.22 0.24
NMDI 0.49 0.35 0.28 0.21 0.21 0.23
NDWIS 0.54 0.39 0.35 0.34 0.35 0.35
NDWI6 0.58 0.41 0.38 0.37 0.39 0.38
NDWI7 0.70 0.52 0.47 0.48 0.50 0.49
pm =3 NDDIS5 0.03 0.03 0.04 0.04 0.06 0.00
NDDI6 0.03 0.01 0.00 0.00 0.01 0.01
NDDI7 0.45 0.30 0.28 0.26 0.28 0.28
NMDI 0.50 0.35 0.28 0.24 0.25 0.30

% n: lead time, pm: number of past months used.
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Table 5-23. RMSE of random forest models for target variables based on observation data

with various lead times and numbers of past months used as input.

Target

Variable | "1
SPII | 06437 | 06336 @ 06597 = 06208 & 0.6271 | 0.6479
SPI3 | 05283 | 0.6436 = 0.6648 | 06575 | 0.6465 | 0.6431
SPI6 | 04538 | 055 | 05806 | 06214 | 065 | 06541
SPI9 | 04504 | 05252 | 05443 | 0562 | 05799 | 0.5908
PRl TUSPEN | 0eas3 | 06297 | 06518 | 06139 | 06201 | 06332
SPEI3 | 0569 | 06705 | 06904 & 06853 & 0.6746 | 0.6646
SPEI6 | 04848 | 05754 | 06098 & 06496 & 06695 | 0.6634
SPEI9 | 04999 | 05755 | 05873 | 05844 | 0604 | 06115
SPII | 05438 | 05596 = 05577 | 0547 | 05565 @ 05732
SPI3 | 04974 | 0584 | 0594 | 0585 | 0579 | 0.5804
SPI6 | 04197 | 04992 | 05406 = 05821 | 05939 | 0.6141
SPI9 | 04263 | 04938 | 05081 | 05219 | 05416 | 0.549
PR UShEN | 0549 | 05598 | 05524 | 05452 05499 | 0.5624
SPEI3 | 05267 | 06053 | 0616 | 06019 & 05852 | 05876
SPEI6 | 04446 | 05213 | 05659 | 06057 & 0.6042 | 0.6159
SPEI9 | 04749 | 05398 | 05392 | 05489 | 05559 | 0.5672
SPII | 05162 | 05175 | 05243 | 05199 | 05262 | 0.5334
SPI3 | 04789 | 05594 | 0561 | 05488 | 05509 | 0.5499
SPI6 | 04003 | 04823 | 05268 | 05561 | 057 | 05852
SPI9 | 04271 | 04729 | 04921 | 05012 | 05139 | 0.523
PR3 TUSPEN | 05234 | 05192 | 05223 | 05157 | 0519 | 05226
SPEI3 05038 | 05774 | 05734 05545 | 05517 | 05563
SPEI6 | 04199 | 05024 | 05484 = 05729 | 05743 | 05741
SPEI9 | 04739 | 05107 | 05154 | 05139 | 05268 | 0.533

% n: lead time, pm: number of past months used.
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Table 5-24. RMSE of random forest models for target variables based on remotely sensed
data with various lead times and numbers of past months used as input.

Target

Variable

NDWIS5 0.0394 0.0431 0.0447 0.0454 0.0467 0.0450

NDWI6 0.0801 0.0900 0.0939 0.0960 0.0993 0.0973

NDWI7 0.0959 0.1159 0.1234 0.1294 0.1341 0.1298

pm =1 NDDI5 0.5884 0.6212 0.7074 0.8694 1.0265 22.3050

NDDI6 2.1324 2.1350 2.1481 2.2078 2.2187 4.5410

NDDI7 0.2054 0.2199 0.2170 0.2322 0.2371 0.2422

NMDI 0.0529 0.0589 0.0604 0.0624 0.0643 0.0644

NDWIS5 0.0365 0.0407 0.0419 0.0435 0.0433 0.0421

NDWI6 0.0732 0.0832 0.0863 0.0900 0.0905 0.0878

NDWI7 0.0859 0.1047 0.1121 0.1183 0.1176 0.1130

pm = 2 NDDI5 0.5500 0.6127 0.6937 0.8603 1.0065 22.8468

NDDI6 2.1367 2.1409 2.1795 2.1993 2.2456 4.6314

NDDI7 0.1948 0.2040 0.2044 0.2135 0.2234 0.2274

NMDI 0.0510 0.0559 0.0578 0.0598 0.0609 0.0599

NDWIS5 0.0357 0.0401 0.0418 0.0419 0.0412 0.0409

NDWI6 0.0709 0.0812 0.0858 0.0859 0.0837 0.0842

NDWI7 0.0838 0.1011 0.1094 0.1085 0.1060 0.1048

pm = 3 NDDI5 0.5459 0.6127 0.6920 0.8567 1.0236 23.6171

NDDI6 2.1674 2.1942 2.2192 2.2266 2.2635 4.7508

NDDI7 0.1900 0.1992 0.1975 0.2045 0.2116 0.2206

NMDI 0.0500 0.0548 0.0564 0.0583 0.0573 0.0565

% n: lead time, pm: number of past months used.
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Table 5-25. Coefficient of determination (R?) values of random forest models for target variables
based on observation data with various lead times and numbers of past months used

as input.

SPI1 0.61 0.61 0.58 0.61 0.62 0.59
SPI3 0.68 0.54 0.52 0.52 0.56 0.55
SPI6 0.77 0.68 0.65 0.59 0.56 0.55
SPI19 0.78 0.69 0.66 0.62 0.59 0.58
pm = 1 SPEI1 0.59 0.61 0.58 0.61 0.61 0.60
SPEI3 0.68 0.56 0.55 0.54 0.57 0.58
SPEI6 0.76 0.68 0.64 0.59 0.57 0.59
SPEI9 0.76 0.67 0.65 0.64 0.60 0.58
SPI1 0.69 0.69 0.68 0.69 0.69 0.68
SPI3 0.72 0.63 0.61 0.63 0.64 0.64
SP16 0.81 0.74 0.70 0.65 0.64 0.60
SPI9 0.80 0.73 0.69 0.67 0.65 0.64
pm = 2 SPEI1 0.68 0.69 0.69 0.69 0.69 0.68
SPEI3 0.72 0.65 0.63 0.65 0.67 0.67
SPEI6 0.80 0.74 0.70 0.66 0.66 0.64
SPEI9 0.78 0.71 0.70 0.67 0.66 0.65
SPI1 0.72 0.72 0.71 0.71 0.72 0.72
SPI3 0.75 0.66 0.65 0.67 0.67 0.67
SP16 0.83 0.76 0.72 0.69 0.66 0.64
SPI9 0.80 0.73 0.71 0.70 0.69 0.68
pm =3
SPEI1 0.71 0.72 0.71 0.71 0.72 0.72
SPEI3 0.75 0.68 0.68 0.69 0.70 0.69
SPEI6 0.83 0.76 0.72 0.69 0.69 0.69
SPEI9 0.79 0.73 0.72 0.71 0.70 0.69

% n: lead time, pm: number of past months used.
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Table 5-26. Coefficient of determination (R?) values of random forest models for target variables

based on remotely sensed data with various lead times and numbers of past months

used as input.

Target
Variable
NDWIS 0.66 0.60 0.58 0.58 0.54 0.57
NDWI6 0.70 0.63 0.61 0.60 0.56 0.57
NDWI7 0.78 0.70 0.67 0.64 0.61 0.62
pm =1 NDDI5 0.55 0.48 0.39 0.31 0.30 0.00
NDDI6 0.11 0.08 0.10 0.08 0.06 0.01
NDDI7 0.52 0.43 0.44 0.40 0.37 0.35
NMDI 0.55 0.44 0.42 0.39 0.36 0.36
NDWI5 0.70 0.64 0.62 0.59 0.59 0.62
NDWI6 0.75 0.68 0.67 0.63 0.62 0.65
NDWI7 0.82 0.75 0.73 0.69 0.69 0.71
pm = 2 NDDI5 0.56 0.47 0.40 0.31 0.34 0.00
NDDI6 0.10 0.08 0.09 0.08 0.06 0.01
NDDI7 0.55 0.49 0.49 0.44 0.39 0.40
NMDI 0.58 0.50 0.46 0.43 0.41 0.42
NDWIS 0.71 0.65 0.62 0.61 0.63 0.64
NDWI6 0.76 0.69 0.66 0.65 0.67 0.68
NDWI7 0.83 0.77 0.73 0.74 0.75 0.75
pm =3 NDDI5 0.55 0.46 0.39 0.31 0.33 0.00
NDDI6 0.08 0.06 0.07 0.08 0.08 0.02
NDDI7 0.55 0.49 0.48 0.44 0.43 0.43
NMDI 0.59 0.51 0.47 0.44 0.45 0.48

% n: lead time, pm: number of past months used.
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Table 5-27. Relative importance of input variables for each target variable based on remotely

sensed data (Unit: %).

Input Variable t t-1 t-2 t t-1 t-2
AMSR-E A_SM 0.53 0.70 0.66 0.58 1.09 0.85
AMSR-E D _SM 0.63 0.36 0.71 0.95 0.86 0.59

AMSR-E SM_MEAN 0.71 0.68 0.82 0.76 0.94 0.43
MODIS LST MEAN 1.22 1.16 0.79 1.43 1.42 1.27
MODIS LSTDAY 1.35 1.21 1.00 1.44 1.71 1.35
MODIS LSTNIGHT 0.85 0.85 0.69 0.79 1.08 0.91
EVI 0.65 0.46 0.18 0.44 0.63 0.56

NDVI 0.54 0.40 0.11 0.59 0.54 0.52

FPAR 0.51 0.56 0.29 0.60 0.59 0.40

LAI 0.55 0.19 0.23 0.47 0.31 0.32

MODIS ETI 1.12 0.70 0.82 0.74 1.12 0.96

MODIS ET3 0.80 0.72 0.65 0.94 0.80 0.93

MODIS ET6 1.03 0.60 0.48 0.69 0.99 1.04

MODIS PET1 1.20 1.55 0.91 1.07 1.25 1.27

MODIS PET3 1.05 0.93 0.94 1.15 1.13 1.23

MODIS PET6 1.04 1.32 1.22 0.74 0.76 1.17
TRMM PRCPI1 1.45 1.50 1.73 1.50 1.71 1.21
TRMM PRCP3 1.25 1.15 1.18 1.59 1.17 1.07
TRMM PRCP6 1.37 1.37 0.98 1.12 1.36 1.16

LSM EVAPI 0.73 0.75 0.79 0.80 0.93 1.04

LSM EVAP3 0.70 0.73 0.66 0.87 0.82 0.81

LSM EVAP6 0.45 0.49 0.63 0.63 0.76 0.83
LSM POTEVAPI 1.07 1.43 1.04 1.51 1.29 1.15
LSM POTEVAP3 1.17 1.07 1.00 1.22 1.10 0.87
LSM POTEVAP6 0.93 0.97 1.06 1.11 1.21 1.10

LSM SOILMOIST 1.24 1.22 0.81 1.14 1.08 0.78
AO 2.74 2.09 2.34 2.52 2.85 2.80

MEI 2.59 2.11 2.30 1.90 2.44 1.97
NDWI6 10.51 3.72 4.01 5.24 2.59 2.35

% t. current month.
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Table 5-28. Statistics between crop yield and target variable data(Unit for RMSE and MAE is ka/10ha).

Croo yield
CROP |CAS SIS- ;lI)J%-IO(rU Vﬁfﬁ:e N:l(lm n RMSE MAE | tau |tau p .range

(min~max)

1 Jeollabuk-do NDWI5 9 | 94014 | 4012 | 0.56 | 0.037 | 3831~4281

2 | Gyeongsangnam-do | NDWI7 8 | 914199 4181 | 0.56 | 0.037 | 3792~5088

3 | Gyeongsangnam-do | NDDI7 9 | 94200 | 4181 | -0.56 | 0.037 | 3792~5088

w 4 Gangneung-si NDDI7 7 | 63516 | 3484 | -0.73 | 0.039 | 2640~4004
% 5 Hoengseong-gun NDWI7 6 | 63501 | 3474 | -0.83 | 0.020 | 2644~3886
% 6 Yeongwol-gun NDWI6 7 | 63597 | 3566 | 0.83 | 0.020 & 2644~3976
~< 7 Yeongwol-gun NDWI7 7 | 63597 | 3566 | 0.83 | 0.020 = 2644~3976
8 Yanggu-gun NDDI7 7 | 63319 | 3262 | 0.83 | 0.020 = 2469~3887

9 Inje-gun NDWI6 9 | 638353797 | 0.83 | 0.020 | 2643~4230

10 Inje-gun NMDI 5 | 638353797 | 0.83 | 0.020 | 2643~4230

11 Gangwon-do NDDI7 5 1912917 | 2908 | -0.56 | 0.037 | 2484~3339

12 | Gyeongsangbuk-do | NDWI5 7 192973 | 2912 | -0.61 | 0.022 | 2302~4342

13 | Gyeongsangbuk-do | NDWI6 7 192973 | 2912 | -0.67 | 0.012 | 2302~4342

14 | Gyeongsangbuk-do NMDI 7 | 912973 | 2912 | -0.61 | 0.022 | 2302~4342

15 | Gyeongsangnam-do | NDWI7 6 | 93903 | 3873 | 0.56 | 0.037 | 2986~4617

g 16 | Gyeongsangnam-do | NDDI7 6 | 93903 | 3873 | -0.67 | 0.012 | 2986~4617
% 17 Gangneung-si NDDI7 5 | 62877 | 2865 | -0.83 | 0.020 | 2490~3310
18 Taebaek-si NDWI6 6 | 628822872 | 0.73 | 0.039  2483~3239

19 Taebaek-si NDWI7 6 | 6 2882|2872 | 0.87 | 0.015 | 2483~3239

20 Samcheok-si NMDI 9 | 63452 | 3317 | 0.73 | 0.039 | 2483~5380

21 Yeongwol-gun NDWI7 6 | 62754 | 2744 | 0.73 | 0.039 | 2433~3106

22 Inje-gun NDWIS 5 | 62894 | 2887 | 0.83 | 0.020 & 2483~3093
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Table 5-29. Statistics between observed and estimated target variable data (RMSE and MAE

are unitless).

Lead Time ‘ CASE ‘

4 1 10 0.0365 0.0214 0.64 0.009
5 1 10 0.0238 0.0191 0.56 0.025
1 2 0.0258 0.0230 0.78 0.004
5 2 0.0526 0.0473 0.61 0.022
1 3 10 0.0150 0.0134 0.60 0.016
2 3 10 0.0714 0.0607 0.60 0.016
3 3 10 0.0955 0.0845 0.69 0.006
4 3 10 0.0517 0.0440 0.69 0.006
3 4 9 0.0408 0.0374 0.72 0.007
2 6 9 0.0535 0.0520 0.78 0.004
3 6 9 0.0257 0.0190 0.67 0.012
6 6 9 0.0519 0.0408 0.78 0.004
3 7 9 0.0473 0.0416 0.56 0.037
6 7 9 0.0271 0.0200 0.83 0.002
3 8 9 0.0247 0.0202 0.72 0.007
4 8 9 0.2967 0.2895 0.61 0.022
1 9 10 0.0667 0.0655 0.78 0.002
6 11 9 0.1102 0.0941 0.61 0.022
1 12 9 0.0063 0.0047 0.61 0.022
6 12 9 0.0241 0.0202 0.56 0.037
2 13 9 0.0566 0.0555 0.78 0.004
3 13 9 0.0563 0.0529 0.72 0.007
6 13 9 0.0204 0.0179 0.56 0.037
1 14 9 0.0095 0.0080 0.72 0.007
3 14 9 0.0181 0.0145 0.56 0.037
6 14 9 0.0135 0.0106 0.61 0.022
3 16 9 0.0277 0.0265 0.72 0.007
5 16 9 0.0519 0.0445 0.67 0.012
6 16 9 0.0740 0.0624 0.83 0.002
1 18 9 0.0373 0.0363 0.56 0.037
4 21 9 0.0707 0.0664 0.56 0.037
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Figure 5-27. Scatterplot between observed July NDWI7 and estimated July NDWI7 based on a

random forest model with 6-month lead time in Yeongwol-gun.
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Table 5-30. Statistics between forest fire frequency and target variable data (Unit for RMSE

and MAE is event/month, all p-value < 0.001).

Target Frequency
Variable RMSE | MAE }'ange
(min~max)
1 Busan NDWI7 120 2.95 1.74 0~24 -0.55
2 Busan NDWI6 120 3.05 1.73 0~11 -0.54
3 Ulsan NDWI7 120 2.26 1.39 0~34 -0.51
4 Chungcheongbuk-do NDDI7 120 3.99 2.14 0~24 0.52
5 Jeollanam-do NDWI7 120 7.96 3.97 0~11 -0.55
6 Jeollanam-do NDWI6 120 8.07 3.98 0~13 -0.52
7 Jeollanam-do NDDI7 120 7.96 3.90 0~34 0.56
8 Gyeongsangbuk-do NDWI7 120 10.09 5.93 0~44 -0.51
9 Gyeongsangbuk-do NDDI7 120 10.06 | 5.86 0~24 0.53
10 Gyeongsangnam-do NDWI7 120 591 3.69 0~17 -0.57
11 Gyeongsangnam-do NDWI6 120 6.06 3.78 0~34 -0.56
12 Gyeongsangnam-do NDWIS 120 6.14 3.82 0~44 -0.51
13 Gyeongsangnam-do NDDI7 120 5.92 3.64 0~24 0.55
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Table 5-31. Statistics between observed and estimated NDWI7 in Gyeongsangnam-do (RMSE
and MAE are unitless; all p-value < 0.001).

Lead Time ‘ n ‘ RMSE ‘ MAE ‘ r

1 109 0.0372 0.0292 0.98
2 109 0.0494 0.0394 0.98
3 109 0.0613 0.0475 0.98
4 109 0.0563 0.0461 0.98
5 109 0.0523 0.0431 0.98
6 109 0.0500 0.0427 0.99

0.8

0.7

y =0.8499x +0.0275
R?=0/9771

o
o

o
w

Predicted July NDWI17
o
'S

0.3 .
o‘.
0.2 ¥
0.1
0
0 0.2 0.4 0.6 0.8

Observed July NDWI7

Figure 5-28. Scatterplot between observed NDWI7 and estimated NDWI7 for all months based

on a random forest model with 6-month lead time in Gyeongsangnam-do.
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