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Summary

1. Title : Study on development of agricultural-drought monitering

model using satellite images
2. Research Period : January, 2019 ~ December, 2019
3. Background & purpose of study

3.1 Background and Necessity

The fluctuation of precipitation increases with the trend of
climate change, and the utilization rate of water resources is
declining due to concentration during the summer short
term.The variability in average precipitation over the last 30
years has increased and the temperature has risen.The
average annual precipitation has fluctuated significantly
(142% to 64.9%) compared to normal, and the temperature is
0.3 ° C higher than normal.

* Natural disasters associated with climate change continue to
increase in Korea. Compared with 1980, the occurrence of
disasters due to climate in the 2010s has increased 2.7 times,

and the frequency of droughts has increased by 86%.

* Since 2000, the frequency of drought has increased and the
importance of drought monitoring has emerged.Recently,
drought monitoring technology based on satellite images for
drought ratio early warning system has been continuously
researched and developed in East Asia and the United
States. However, drought monitoring technology based on

satellite images is still vulnerable in Korea.
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* Remote sensing technology enables rapid and accurate
observation and analysis of spatially distributed objects.
Therefore, we will monitor phenomena related to water

resource estimation and agricultural drought problems.

* In the field of remote sensing, it will be possible to produce
materials such as high-resolution optical images, infrared
images, and SAR radar images from multipurpose utility
satellites, next-generation medium-sized satellites, and sluice
observation satellites.Therefore, the need for continuous
monitoring of satellite images has emerged by utilizing the
latest technology for analyzing satellite images in the field of
agricultural drought to ensure technological capabilities and

overcome space constraints.ing.

* Analyze and organize time series satellite image data of agricultural
drought studied in 2018In 2019, appropriate satellite images and
the latest technology will be utilized in the field of agricultural
drought. And the agricultural drought monitoring algorithm using
satellite image is established. As a result, it tries to secure the
technology to derive the agricultural drought map by overcoming
spatial constraints.

3.2 Research purpose

Establish an algorithm for storing and applying agricultural
drought data based on satellite imagery and applying

Secure pre-processing technology for agricultural drought
monitoring, apply and develop modules. To secure the
technology to create a step drought map in the agricultural
drought area, and develop the latest advanced technology

such as satellite image analysis, which is the same as

- XXXVii -



grasping the spatial change of agricultural drought.The
purpose of this research is to overcome the spatial
limitations of wusing this technology in the field of
agricultural drought, to build an infrastructure based on
satellite images, and to create a foundation for an early

warning system for agricultural drought.
4. Research content and method

4.1 Research content and method

* Based on 2018 drought data system establishment based on
satellite imagery, agricultural drought monitoring plan, etc
In 2019, algorithms such as video-based agricultural
drought  parameter  extraction, agricultural  drought
monitoring application, and agricultural drought mapping

will be established, and the main contents will be applied.
* Extraction of agricultural drought parapeters based on satellite images

- Create detailed schematic diagrams based on satellite

images to observe agricultural drought.

- Parameter extraction and algorithm development /
application to apply agricultural drought monitoring

domestically

¢ Study on development of agricultural-drought monitering

model using satellite images

- Study on development of agricultural-drought monitering

model using satellite images

- Development / application of a module for domestic

agricultural drought monitoring using satellite images
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- Test-bed management (using the Rural Development Agency

Observatory)

* Developed technology to create agricultural drought maps

using satellite images

- Development of technology capable of creating
agricultural drought maps and drought map

creation(version 1)

- Development of technology capable of setting agricultural
drought parameters and deriving agricultural drought
maps through satellite image monitoring (comparison with
SPI6 drought maps)

* Collection and standardization of satellite image data

- Standardization of satellite image coordinates and

format

- Development of each module for agricultural drought
mapping
- Build a system using published gis software

* Analysis method of available quantity based on satellite image

- Using the reservoir table, the surface area is classified

by the satellite image.

4.2 Expected effect
* Economic aspects

- Reduce the cost of follow-up measures by changing the
policy to manage agricultural droughts to prevent in

advance.
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- Secured competitiveness in overseas market as a core

item of future agriculture / rural water industry.

* Social and cultural aspects

- Apply the latest technology of the 4th industrial revolution
in various ways in agriculture and improve the social
image.

- Improve public confidence in technologies to predict or

assess agricultural drought and improve the image of

socialized enterprises.
* Technical aspects

- An analysis module that collects / classifies / systematizes
data on agricultural drought based on satellite images and

constructs a database is developed.

- Establish a domestic agricultural drought monitoring model
using satellite images and develop early warning

(prediction) technology.

- Expectation of monitoring technology that can predict
the degree of regional precise agricultural drought and

changes in space and the utility of other fields

5. research result

* Since 2000, the frequency of drought has increased, and the
importance of drought monitoring has emerged. Recently, in
East Asia and the United States, satellite image-based drought
monitoring technology that alerts early is being researched and
developed considerably so that it can be prepared for drought.
However, agricultural drought monitoring technology based on

satellite images is still vulnerable in Korea.
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* Rainfall was analyzed in 32 regions where recent droughts
occurred (2012-2019). And we analyzed the average rainfall
and frequency drought rainfall over 30 years (1981-2010) at
national stations (72). As a result, the average 30-day
minimum rainfall in the drought-affected area was 14.4
mm, which was similar to the national observation station,
155 mm, the 30-year drought rainfall in March. And the
average of 40 days of continuous minimum rainfall is 22.9
mm, which is similar to 25.0 mm, which is a drought
rainfall of 30 years in April. The average of 50 days of
continuous minimum rainfall was 32.2 mm, and the 30-year

drought rainfall in May was analyzed at 41.0 mm.

* An important factor in judging agricultural drought was set
and defined by agricultural drought parameters.The drought
index of ESI based on satellite images was calculated using
the agricultural drought parameters (actual Junbar Sanliang,
potential Junbar Sanliang).The resolution is 500m, and
MODIS images with a period of 8 days are collected to
extract agricultural drought parameters (ET, PET).Then, the
average and standard deviation are extracted by combining
the images and wusing each grid value of the 8-day
cycleWe have also developed a method of calculating

agricultural drought index by collecting past images.

* We investigated the use of meteorological images for agricultural
drought monitoring based on satellite images and the fusion of
ground observation data and images. We also developed an
agricultural drought monitoring model and module calculated
through the agricultural drought element. In addition, the
agricultural drought index was calculated through indexing the
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agricultural drought parameters, and the classification by drought
depth was classified using Percentile, and then presented in four

drought stages according to domestic standards.

In order to generate spatial information on agricultural
drought, the technology to generate spatial information
about arguments step by step was implemented, and the
nearest neighbor, bilinear interpolation, and  cubic
convolution methods were implemented to rearrange satellite
images. The algorithm to generate agricultural drought map,
agricultural drought parameter (ESI) calculation, consisted of
ESI synthesis algorithm, agricultural gumm indexing, average
drought standard deviation calculation algorithm. The
implemented algorithm was verified against commercial
software. In order to develop the prefecture system, it is
necessary to develop additional systems in the form of
non-stop and one-go manuscripts such as independent
system development and spatial information analysis
function. The applicability of existing ESI, SGI, Josyuru, and
land use was verified by comparing the index of
agricultural drought using the effective moisture content of
the soil. In the future, high reliability can be obtained

through verification of small-scale areas.

Various satellite images were collected to monitor agricultural
droughts and produce mapsIn order to standardize the collected
satellite images, standardization of the coordinate system to UTM-K,
standardization of Geotiff data format, standardization items of
metadata for video information management were derived. A
standardized module based on QGIS and an algorithm module that
can produce agricultural drought maps were developed.
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* NDWI was calculated using Sentinel-2 video for 28 reservoirs
under the jurisdiction of the Korea rural Corporation, based
on the test-bed area of Seosan City, Chungcheongnam-do. As
a result, the amount of stored water was estimated and
converted to he amount of stored water using water
level-surface area-content relations data, and then compared
with measured data.There are many obstacles in estimating
the amount of stored water using satellite images. So you
have to develop image analysis technology, use best material

about water level- surface area- content relations.
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Telecommunications Earth Observation

H|2]Ad - Television — Agriculture
— Telephone — Change Detection
— Broadband - Disaster Mitigation
— Aviation — Meteorology
— Maritime — Resources $2’605
— Road and Rail
TMIA
i
Science National Security (=ANMT77%)

— Earth Science
— Space Science

Consumer Equipment Network Equipment
— Sat TV, radio, and broadband equipment — Gateways — NOCs
— GNSS stand-alone units & in—vehicle systems - VSATs — SNG equipment
— GNSS chipsets (beginning with the 2017 report)

&X: State of the Satellite Industry Report(2017)
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$300 LR e b
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Growth Rate

Z=X: State of the Satellite Industry Report(2017)
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2012 2013 2014 2015 2016
Growth Rate 10%
U.S. Growth

Non-U.S. Growth

E7X: State of the Satellite Industry Report(2017)
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Environment and Sustainability)2 8 233 FA8 o= 3H SRR
FHEARDS 7o FHAYY 34 E EGFEe *7} X AT

ECJRC AN AT 7HEHE Al2" (European Drought Observatory, EDO)% b=

44 A3té} ?“E%%g T ItEASAR AT

EFAS (European Flood Awareness System)%t GFDS/GIoFAS (Global Flood
Detection System/Global Flood Awareness System) A7+ AR Z 9%
ANTVIAER, TERYE o] & T4 LAY 43 o4 H AH A

EMSA NERE AL E B4 HAA E4E A a4 oz dugy] &
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ato] 7151t S A% R S AATH 25 FEA(EdTE,
A5, Askr, 75, AZEFA, S ) S48t don dAA Feasd
g dE A4e MNE/ed Tolt AEHor At A4ARE
grsta AR FERS Ads &8 Tolv

e Slel A ekl A8 94 ' a4 AS ASHem e/
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SLER 50f ¢4 &8 Y i &0 3
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i ‘ GRACE Sentinel SMOS ' d scon-w Oy

2@ oy esa o & /KA

- A7 8 &8 2204 29 - L OHS XG0 SRIE BE 8E | - 7|2 sl (132 et +20K A
E (EYE, 3% Ao, RE, REFH, (IYEH)ELHR 29, At (1832, 457, ME4+H 5)

| 3H8) | ®EREsH ZES)

» SEQAY [t HEQM HU/2E || 718, EYE, +IHoH ZUIER AR || - S 5 MZEHE X +RRRR N Sl

* EUL-E(SMAP), RI5t=(GRACE), * K| Z3:H)(Sentinel3), 7|4(Sentinel 1), * 7(GPM), X H(GCOM-W),
XESH (SWOT) & EULE(SMOS) & 7|%(GCom-C)
PNBUHH MR NANUE | EANZASRHBANNSS || BAHLA DG SXH 94 28
FHANEM BAN NS EH |- 9B 0D HARAE NE | USRS Y U 5
| HNTH B 8 YOS | #nie a9y o9 Ho2t2| TigME
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=94 1552 43)= 71E9] Ed 1 2 359 Medds
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Al A FAlEE o] gstd WHH A 59 FefEel o S
s g Ak AN YA FFA ABE RolF7] uiol
WA HA G S Ed 5 Ak =3 TS FeA AT wgiA
oA X&Astil = T FUIE MRS stHoeR AAtow F
T AUTh

v, 71314
714914 (Meteorological Satellite) 2 F< vz 7|AA=HS F
EHq0o 7 AAste] WAtE dE9dS Hwekoh HE VIS
o] &3k 71 #EFE oY Ik Avkd FEFS WAL don H
Fo] WHEojA &= A ol AREE wE Loldlo] FIE Fol= A
I o] FoF A4S st/ wWiEolvh VA FE AA F)
o2 55 #9sty 1 A4S 7IRAER GHNE 5T
Ko, ==Y F, HBAY 58 S48 g

2. Axel he A4 FF
7t A= 914 (Elliptical orbit)
AdA=7E gl A=z, & B AX=MHEO, Highly Elliptical
Orbit) 2% EdTh =g H] tis] 64° HAH o2 s UAA
°F 40,000km <A ¢F 500~24,000kmol™, YA HS A& w r
B2 Aol Add. fry B gAlop & 9= AWelx HEOZF

AN E S, Est e AYe T BEH)

Y. 9 A= A (Circular orbit)
A SN QAR L] Arl7 A AEEN L] o]
Wt AAE FAE ATE7AE AAAER R

1) A#A= 914 (LEO, Low Earth Orbit)
AAE 4L A7+ oA 200km~2,000km Eolo] A&
wepe, A+ &\ A 3]skl oF 902 (2,000km 3z o] o A
of 2A17h) &8sk "tk AAE T Ao E53% He FHE
1 5

we et FAE dud, FAE F el He
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A=A diFite] Jg4HEHT Ado] &+ AT
A= (1A A=W (orbit plate)¥} Eld3re] =7t 5LsHA FA4
|

=
g Bosly] dEel, AGT WY, = FEBY YA P
dol7h &3 w43 oA GBS #9 & F A FaE
S| =

A Ak 14BN (=ol9g) Sol FAENY
i FAENY] @ v B o ATE AAFEE AT
BE RS 2 F U] WEolth ® 2e 9% 7o F Wl
AREE AF HET F doe A= Ao

2) =A% YA (MEO, Medium Earth Orbit)
AAEL} AAAE Aol ¢F 2000km~35800km o] A&
AAES Ty, A F7]5 247l A 2443 Alol 2 A, 53
12A12F 719 GPSeF 22 943 HA 2o 95 Aol
THAE A48 AAMo] oF 50° Awolw, ok 10~157 Y=

A AT ARt s,

Lo,

ol

1

3) AAAE YA (GEO, Geostationary Earth Orbit)
AAAE 98 Ar Akolw, A FWHe HAtzto] 0°=
BArzEol gle A Alxolvh Ao AT} FdI FHFIE
7} a1 ok 35786km ALEONA AT FHIES =4 )
AR Ao A Frlek AAAE 94 THFIF 27

o] A 2 A9 flol wle]l A AT WAl o] g
AAAE A4S B4, 718 94 S HHoR AgHrh
Clarke(1945)= AA A=7F 4949 A2 F&3tes =S
HEEgal olul o] AXEZF tFelAl e dEAA HArk o)
olfE, AA AEE Fa AEE FEJNE

4) A% 914 (Polar Orbit)
S5 ST AFE FIeh AR AAMe]l H= Hwa 90°9d
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Poster Session

« April 17,2019 16:30 ~ 18:00

Paper # Author Title
005 Min-Lung Cheng, Comkirirg Human Retina Operation and Binary-Siring Fearure Dascriptors for mage
Masashi Matsuoka Matching Enhancement
008 Heejeong Seo, Hyangsun Han, | Analysisof seasonal and regonal variation of the flow ve ocity on Campbell Glacier and
Hoonyol Lee David Glacier, East Antzretica, by using DOINSAR technique
li q
013 | kmhoYeom. ToukurgHan, | gy Tz ModelEcration Using Weghted DEM Regon Grow g of UAY Data
014 :ﬁ:ﬁﬂ;ﬁ” MHORWEK s toiares flkered kriging for errer corrent on of satellite-based products
017 Feng:Tal Haang, Chisn TN | 2 il Analysis of Spate-kased Earth Observation industry
Liou
518 ok "G‘Ev '":’:"':* 53:*» . | AMALYSISOF SPECTRAL CHARACTERISTICS BASED ON DROUGHT AND HUMIDIFICATION
Ei"fuf,ﬂ g J‘m;';'u;“;ﬁ 3% | BY SOVBEAN GROWING SEASON
020 Wan-Chi Chang, lee-Cheng Wy | Factor 2nd Spatial Analyses of Callage Motorcyclist Accident in Yilan County
026 Chur-Ta Wei, Chung-Yu Ly, Using Gengrphic information System [GiS) to Integrate the space stience techniques
Ming-Ta Tsai of rrilitary Inte'ligence Freparation of he Battlafield | P8)
Extraction of Digtal Elevatior Mode! from Satellite Steras | i 1Global
033 e ki ractp of Dig ode! frem Satellite Steras Imegery Using Semi Globa
Maiching
Taehwan Sain, longhan Ko,
039 Kyung Da Lee, Sewnstack Jeong, | Moritorirg of Barley end Wheat Productivity using 2 Crap Model Assimilated with
Ashifur Rahman Shawon, Remote-controlled Aerial Sysem-based Images
Kyu Ho 50, Sang Ir Shim
049 m’jgﬁ;ﬁ ”1‘_129:‘::";'; Nam; | Eualuation and compariscn o' satelite-gerived cainfal products for hydrocimate
A : extremes in East Asia
Dae-Eui Kim, Tsegaye Tadesse )
051 Chiz-Hsiang Wang, Fatch Simifarity Guided Super-resclution Algorithm for Fusing Panchramatic and
Chia-Hsiang Lin, Kuo-Hsin Tseng | Multispectral Images
_ = Observations of marine envirormental variat ans in upwelling  areas, frontal arsas,
060 | Po-tuan Hsao,kux-Wei Lan ronupwelling areasacound the Tziwan Bank
067 NGUYEN Thi Quyrh Trang, Assessment of piomass burning impact on air quality in Southern Vietnar with WRF-
Wataru TAKEUCHI Chemmadel and MODIS observations
074 tan-Hsia Wu, lee-Cheng Wu | Slope real-time monitoring ar d early warning system
080 zg:f’:iz'_];’: ol:: IE";'TGTng Assessing the remately sensed drought risk characteristics for agricultural drought
Uas.h‘Eui it Mmi( 0. Svobods " | monitor ng using Evaporative Stress Index [ES1) in South Korea
Dae-Eui Kim, An-Kook Sain,
081 | Hyung-lin Shin, lsenam Lee, | Davelopment o satellite-baced agricultural drougnt eatly warming systerm In South Kerea
Won-Ho Nam -
082 Yeongjae lang, Jachorg Ch Lirban Change Detection Us n3 Repeated Stereo Satellts Data
085 E";?;ﬁ;‘::'};:;momw’ Fzasibility Study for 1:1000 Scale Map Generztion from various UAV images
086 Takashi Agyama Moniter o* marine-debiris in e Sea of Japan using satellite image dats
HOTS! OFF f [ i
095 Noet i Uloa, Show-Hao Ching POT ANALYSIS OF FLOOD EVENTS IN SOUTH TAMWAN USING SENTINEL 1

IMAGERY AND GOOGLE EARTH ENGINE

<9 3-9(1)> ISRS 2019 = A g&di3] X2E WYY
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Paper # Author Title
Hee-Jir Les, Wan-Ho Nam, )
9 097 Deng-Hyun Yoon, Taegon i, Building the vegetation drought resaense infex for North (ores [VegDRt-NKures) to

Eurt-Mi Hong, Dae-Eui kim, menitor draught-related yegetation stress
Tsegaye Tadesse =

098 Pei-Hsuan We), Kug-Hsin Tseng | Vield Forecast and Loss Assassment of Paddy Rice from Sstellite Observations

104 fuhan Zheng, Watary Takeuchl | Remote sensing analysis of the mengrove ecosyster st Zhefiang prevince In China

113 Chun-Kal Hung, 2eter T¥. Shilh | Mapping with Serinel-1 for 26180873 Southerr Taiwan Flod

117 DoochuriSe GEOMETRIC MCCURACY VERIFICATION OF KOMPSAT-34 [VAGE BASF ON KARI GEQ-

R CAL/VALSITE

121 YujiSakiing, Ay Lana Nafisyalr, | Estimation of turbidity distribution fowing out of Indaneslan mangrove forest oy

azuhiko Koike Sentinel-2 cata - September 2017
. - Classification af major tree speries based on machive learnirg using Sentine! 2 and

125 Jonghin Lim, Boung-min Gt soactralllbrary

134 | YenYiwu, Shih-YuariLin Agsessment of imterferematric SAR-based Digital Elavation Modal

138 Seungtsex leong, Jonghan Ko, | Nationwide Prajection of Rize Vield Using a Crop Model Ir tezrated with Geostationary
Jong-Min Yeom Satallite Imagery: A Case Stucy in South Korea

187 |Kesichaliiin Effects of aerosols on the Karean Peningy/a Caused by Firewarks in China curing

Chinese Lunar New Year

Sujeng Lee, Sungaun Cha,

143 Euriaen Park, Hyurwoo o Itection and Comparisan of Forest Cover Change using Vegetatior IndexiVi) and time-
Hangrian v, Moanil kim, series satellite imagery : ocusing on Gangwon-do betwesn South and North Korea
Wockyun Lee
Chalna Song, livan Kim, 3

148 Eunbeen Park, Jonglan Pine, | Land Neutralization Assessment Using Changes of Land Covess and Net Primary
Ming Hong, Youngfir Ko, Froductivity in Nertheast Asia
Woo-kyun Leg

151 | Yashinobu kata Anattempt 1o discriminate between Asian dust and PM2.5 asing MODIS data

170 Sungjae Park, Chang-Wooy Lee | Monitaring of ice dyrarrics on caldeta lake Chun-J using TerraSAR-X imagery

198 Ganghan fim, Sang-War Kim | Ship detection based an Kampsat5 and AIS far operztional ship surveillance
Hearan A, Sungwoo Jung, . - .

203 Sacanm Ahee tnalysis of vertical aceuracy of DCMs generated from KOMESAT-34 Imagery

204 selng ChulLes, DukeJo ki, Generation of SAR AT] cata and extraction ef moving target elacity using EM < mulator
Ki-Moak Kang

207 Young Cheol Kim, Dukejin Kim, | MONITORING THE DISPLACENENT OF HONG KONG-ZHUHARMACAC BRIDGE BY TIME-
Seung-Chul Lee SERIES INTLRFERCIMETRY USING SENTINEL-1 DATA

208 Minyeng Jung, Minkyung Chung, | Assessing drought-induced damage in ricefields quring planting season in Korea using
Yonall Kim Sentinel-1 data

216 Chities KANG, MR KIM, Ocean susfaces undzr tyshaons anc hurricanes observed usng KOMPSAT 5 wide
Hyrll CHO swath SAR
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» April 18,2019 15:30 ~17:00
Paper # Author Title
- f ; Adjusting the machine lea ning based classification decision bouncary for
012 Jhe-Sjuan L Fuan Tsal improvament of landslice susceptiniity nodels
030 Harg T, Do, Vankatesh Raghavan, | MEDIUN AND LOW SPATIAL RESOLUTIONS REMOTE SENSING DATA FOR MULTI-SCALE
Go Yorezawa TERRACE CLASSIFICATION
035 Chieh-Ting Chou, Yi-Shar Li, Investigation of the Jamming Interferance of Glonal Navigation Satellice Pasitioning
Chi-3hun Hsueh, Yen-Te U System
" 2 T .
040 Dhing-TeLim, MrrHorg iy, Covriparad two o fferent Lroteuthis edulis” HSI models in the northarr waters, Taiwan
Ming-An Lee
AUTOMATED ROAD-ORIECT EXTRACTION FOR HIGH-DEFINTION MAF FROM MCBILE
054 Pal-Cheng Char, Tee-Ann Teo MAPPING SYSTEM
AUTOMATED ROADMARK EXTRAZTION FOR HIGH-DEFINITION MAP FROM MOBILE
057 Shao-Wel Huang, Tee-Arn Teg UDARSYSTEM
063 Chung-Chi Ying Yu-Ting Zeng, | Land-use Regression Models for Predicting the Spatial-temporal Variability of NOx in
Chih-Dz Wu Taiwan
068 Yong-Suk Lee, Sung-Hwan Park, | Forest Vertical Structure Mapping in Gangju tity, Korea from Serfingl-2 Images Using
Hyung-SupJung Artificlal Neural Netweark
; Deep Leaming-hased Vethodology to Predict Atnormally High Water Temperatures
087 Hyun Yang using Satellte Big Data
039 Guariy Yan, Wataru Takeueni | Therma Infrared Assisted Optical Pattern Recognition for Fuman Detection
Yewing=5il Kwak, Jaghating Park, b llp B g . i
100 ok Hen, Jae o Fark. Ionusnﬁerlc-obuqué sounding ehseryations between Korea and Janzn using YIRIRS:
: Prelimina-y results
Terry Bullett, Mamaru Ishii
2 ; y ORJECT-BASED CHANGE CETECTION METHOD APFLED TO HIGH RESOLUTION AERIAL
106 Chign-Hui Cran, Pai-Hul Heu st
Hoigi, Park, aeivan, Chi, Spatial resalution enhancement of KONMPSAT-34 IR image by fusing IR and
112 Mira, leang, Hoseong, Choi, niimeckealinmges
Joechun, 520
Min-A KIM, Gabno Jeun, o - i ;
124 e Detfell?ned_prgtmype of atomation system for satellice image ¢ oud anatysis based on
Artificial Inte ligence
Seunghyur leon
132 ChulScoYe Feature weight determinztion ased on classsaparability
WorWoo Seo, Hwa-Seon Lee, | Evaluation of the potentizl of High Spatial Resclution Satallite Imagary for Detecting
137
Kyi-Siing Leg Oak WIlt Infected Trees
AT B, Chiange Detection of Mul High Resolution Satellite | Using Transh
a4’ 1
139 Yol Kim, Kanghyeck Chel, 1ange Detection of Muli-termpora .IIE esclutian Satellite Images Using Transfer
Lesrr g and fecurrent Fully Convolutional Nebwark
Hunsao Song
Simgeun Cha, Hyun-Woo g,
140 Waanil Kim, Cholhe Song, The estimation of growing stock volume {G5Y) using remotely sensed data
Woc-Kyun Lee
Min Gi Jeon, Wor-Ho Nam, . 5 - %
. L Evaluatinga satellite-based reference evzpotranspiratior produst in the JSAID Famine
158 Young-Sik Mun, Eun-ViiHong, | i
! Early Warnirg System Network for Korea
Dae-Eul kim
159 JungMer Jun, Eund Cho, Technology developmentof avtomatic scheduling Based on constellation aperation for
EunSuk Lim, DaeWon Chuhg Earth Observation Satallite
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RECORD OF DISCUSSION
BETWEEN
NATIONAL DROUGHT MITIGATION CENTER;

AND CENTER FOR ADVANCED LAND MANAGEMENT INFORMATION
TECHNOLOGIES

ON BEHALF OF THE UNIVERSITY OF NEBRASKA-LINCOLN BOARD OF
REGENTS, U.S.A.

AND
RURAL RESEARCH INSTITUTE, KOREA RURAL COMMUNITY CORPORATION;
AND HANKYONG NATIONAL UNIVERSITY, REPUBLIC OF KOREA

Wednesday, October 30, 2019
Lincoln, NE, USA

The National Drought Mitigation Center (NDMC) and Center for Advanced Land

©w

. Discuss the development of a new remote sensing drought index for agricultural drought
‘management and the validation of remote sensing drought index.

o

. Discuss the development systems for the exchange of information between the Parties on
successful drought risk management strategies.

=

. Participate as partners in technical proposals in applications for national and international
grants.

=3

. Provide training activities and research exchanges to assist research scientists in the Parties
in drought management and planning.

Information Technologies (CALMIT) of the University of Nebraska-Lincoln (UNL) and the Rural
Research Institute (RRI) of Korea and Hankyong National University (HKNU), considering the
significance of jointly implementing a technical cooperation program, as shown in the
DOCUMENT attached hereto, should be implemented.

Desiring to facilitate a collaborative program of research, training, institutional development,
information dissemination, and exchange of scientists and staff;

Recognizing that such cooperation shall promote mutual interest in the field of water resources
research, natural resources management, and drought studies; and

The linkage hereby formed shall further help to reach each partner institution’s objectives as well
as strengthen the mutual relationship between the Parties.

‘We agree to foster technical collaboration for sustainable agricultural drought mitigation in Korea
working in concert with the NDMC and CALMIT as follows;

1. Explore methods of improving the monitoring of critical climatic, hydrological, and
agricultural parameters through satellite remote sensing with the development of remote
sensing-based variables to improve assessment and early warning systems for drought and
other extreme climatic and hydrological events.

)

. Collaborate in conducting studies that focus on remote-sensing based drought
monitoring/early warning, policy and planning research.

w

. Discuss the development of state-of-the-art decision support systems for drought
management for local stakeholders and the general public.

~

of

. Improve the of remote sensing-based i ion in the

Discussion Attend

93 4 NS

Choi, Kangwon, Rural Research Institute, Head of Water Resources & Environment Research
Group

2y 2kl
Kang, Mun-Sung, Rural Research Institute, Principal Researcher
b 7]
Nam, Won-Ho, Hankyong National University, Assistant Professor

WL L LD

Mark Svoboda, National Drought Mitigation Center, Director

Bion andlon

drought and water management tools and policies to reduce the economic,
and social impacts of abnormal climate events.

<2¥ 3-11> RRI &

Brian Wardlow, Center for Advanced Land M: ion Technol

NDMC €53 U &

Director

_83_






X4
HIBY 7| VIS Z2LEE







S

ut2tof g

AR

=
=)

S g7t
A7t

=]

L EHHE EYH Y

A1d A4Gd 7

o

gl

1

21 4]
1A
"

o
RS

]

=
°

o
B
Al &
==

s}

3 v}

w714

=

v aAbE

=

7NA Fd AER AA

=0°] A

) .

1

A
>

=
=

7t
il

dupeto] v

%

o

3

o

= 7]
Fol Ui elel A o]o] o

5

By
=

-

]_
717F o1& 7] wiel A7

S

A7FA] A

1o

AuHOR IHE
=

o1,

}1\:}

[

—_
file)

4 )

& 2]

9

23]

) ol A 7HE

p==
[}

}

-

(National Drought Mitigation
A

, Az, s

=T

3 (

o1 = A

-

A AY, v SHIbEE A

A]
Center, NDMC)el| A4

S

o
oo
¢

_—

ofo

o
A

olo
oy
Ho
o)/
B

_
N
G2

ﬁo

~
0

iy
=

ol

B

]

7=
Z

s
4

.

_85_

Aol Fd7haol tieh B AT

by sl= AAR g gl

9
yul

A3

=15
=

SIEE I

S

7}

O]

2 We v
FrEojgton, A

o



FA7 R dek dubdel A g uhnle 5(2005) FAUMEAIE A
g3t 9 ArAFY AFE FIA T TAS (Standardized
Precipitation Index, SPI) ¢?]F= o st 723 7IEets A A&}

At

Data required
Alpul nporal paties, orog I & N fiael
fﬁﬁﬂlmm l:.d:i:.h'rlnhl.rh up::ljml:l-ﬂril.:;tT-:
............................................................. brosscrrrssimermsssrrnsnsses
Crog rprcripiadin Water balrnn model analysis
Fereran - Moz Sg
‘_ud Ld-dapa crap ooaffcre
Daily water balance analyss in paddies “"’Mﬁh

[radly wsmwr regoirerecis

Digdy wunr requurcmens, BiNE
Competational pooding depeh Wacer mpply

FRegional water demand &

| Mmoo b e © - Agricultural drought severity

Frequency and probabiliey analyss
Dhptinsad preibabiliny Gatribution by K-35 firng 1=

I-

"'.'*!"l"#fﬂlf

<29 4-1> AFA 7MEAFT A FAH(Nam et al., 2013)
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Selection of representative 7 agricultural reservoirs |
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Application of the FRMS model | Madified $ws|1$urra-:lu- Water Supply Index) |
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Daily % of storage by target reseryoirs
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Initialized Parameters
=(an, 6, 6.2 K )
Transfer k
Decode
. \L Output variable (6,,,)
% Fimess Evahiation €—l Hydrological model (SWAP) ‘
b3 (A Goer G S| SMAP soil moistue prodhucts (4,5.) |

Observation (&,3,)

Optimized k at the spatial
and temporal scales

!

Reproduction of daily root zo
ne soil moisture dynamics

|

Assessment of weekly agricul
tural droughts
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(& 4-1) 7HE SRFFY 27 2 7152 48

Agricultural Economic Environmental
Event Value Event Value Event Value
Delay of Drinking water
. 10 Refugee 10 7
transplanting shortage
o Income o
Wilting 10 ] 10 Power limit 7
decline
Lack of . Power
7 Dispute 8 ] 6
storage generation
Water . .
o 6 Yield decrease 7 Other industry 4
contamination
Short of . .
Crop damage 6 o 6 Grain price 4
provision
Alternation
Water supply 5 5 Desease 4
crop
Auxiliary Drought )
4 o 4 Forest fire 2
water source mitigation
Lack of 4 Livestock 5
rainfall damage
Lower river Relieve from
4 2 etc 1
flow drought
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A Arg Ve F97E A 2 HUE 8N ASATE ARE EY
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< 18s EFAEAESE FAA EYAFTA 7 A (Agricultural
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Agricultural drought
assessment item

Review Precedent research ]

I Set assessrment item Survey case study l

Expert consultation |

Expert verification J
I First Survey }'——‘ . $ﬁjzevis.icm

+ Supplementation

= Water supply lapse rate
= Agricultural weather : Rainfall, Temperature, Duration days of non-infall
N P l * Agricultural irrigation facility : Reservoir storage rate, River level,
I Final assessment itern Operate time groundwater well rate
= Crop : Duration days of non-irigation, Withering, Death ratic
= Soil : Soil moisture content, Soil temperature, Soil cracked rate

J, l * 1 Grade : Extreme
[ second survey | | set hierarchy |——: & Grade: Evaa"ﬁg:ﬁ‘rng
| * 4 Grade : Safty
Analysis of agricultural - Farmer
drought weight * Bpart

Figure 1. Process of study promotion for agricultural drought assessment
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k.

=3

TRMM/GPM(1kmX Ikm) and Near-surface soil moisture data
MODIS(500mX 500m) assmilation scheme

Y

Estimation of soil hydraulic

properties
(lkm X lkm)
Long-term(2000-2015)
daily soil moisture
prediction
‘ }
. Soil moisture
SPI-3 SMDI Soniles
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Field Checking —— Checking Field conditions and Done Planning
[]
Planning —— Drone Flight plan
4
—_—n el 1 s et - _ ¢
On—sife Calibration :gﬁ:;;:lﬂigi calibration of hyperspectral camera radiation and
4
Flight —— Flight and DB Acguisition
[]
Data preprocessing — Data preprocessing such as geometric, radiation correction
| ]
Final product —— Crtho Image and Hyperspectral DB
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- Standardized Vegetation Index (SVI)

- Root-zone soil moisture

- Evaporative Stress Index (ESI)

- Vegetation health

- Environmental landscape characteristics : soils, land use, land

cover, elevation

o VegDRI (Vegetation Drought Response Index)
- NDMC¢t 7vl= A" ZAla (United States Geological Survey,
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o ESI (Evaporative Stress Index)
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(¥ 4-2) USDM 7]# SPI9] 7}& 94

Category Description Percentiles SPI value
DO Abnormally Dry 21-30% -05to -0.7
D1 Moderate Drought 11-20% -08 to -1.2
D2 Severe Drought 6-10% -13to -15

Extreme Drought 3-5% -16 to -1.9
Exceptional Drought 0-2% -2.0 or less

Input: 4-week Input: Standardized
Standardized Precipitation Vegetation Index (SVI)
Index (SPT)

Root-zone Soil Moisture  Evapotranspiration (ET)
g 5 L3

Other Environmental
Characteristics

Gridded Data Inputs for QuickDRI

QuickDRI for July 29,2012

(‘J
oK
Inputs:
« Land use/land cover Relative to {
« Irrigation 1-Month Nermals

o # : b

= Soil available water
holding capacity

* Elevation

* Start of scason anomaly

Improvement
. P

B s ttansitcason

Input: |-month, root-zone Input: 1-month

soil moisture anomaly from Evaporative Stress Index
vic (ESI)

<29 4-18> Quick Drought Response Index (QuickDRI)
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Other Drought Resources
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O Modenate Draught
B Scver Drousght
W Extreme Brought

Draught Index
H

] Moderate Oroughs
B Sever Drought

B Extrema Drought
B Exceptionsl Drought

SRS
EE ]
SP15
ELA ]
shid
SPH28
LR ]
RIS
BRI, 1658
LML
2000

Drought kndex

(a) Jangheuong in 2001

P [']' ' 'l ] Moderate Droughe

BRIE . Sover Drowght
El]
P

. Extreene Droughi
Ll

Ll
moam 200840 mos. 1 oL d 2 200868

SRS [T Modaratn Drough
SPE I Sever Drought
SRS B Extrema Drought
B B Exceptional Drought
EP-8
SPHIS
EPIG,2,.3)5
89111,3,618
LR IR
SPI 380121
00809 2008, 40 . 200812 200804 004 2034.00
Date

(b} Tacback in 2008 ~ 2009

Drought Index

Drought Index

5PN
-1+

7] Moderate Drought
Pl
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[ sever Drowgi
W Extremna Droughi
E-L 1

fLH | | I

108 A6 200247
Data
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SR8 . Extreme Droaght

.- M Exceptional Drought
EPIEE
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N ETE
P11 06548
BRI, 180,1218
2012.08 01206 20107
Flaks
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Drought Index
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o Normalized Difference Vegetation Index (NDVI)
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Ak el AR Aol Red)? =AM 4] (NIR)OIA

A5 AMEY WAL AL Fobo] AR AR 264,
GHat WS Fstel AMnF WAES o, AAsge] w
A7 F24 S NDVIE 28 3h2 tehich wle 449 et

(NIR— Red)
(NIR+ Red)
A A5 E LP DAACOA Al&E i 9o, MODIS Terra
el MOD13Q1 Al E E3ale] 250 m %=, 169 F7]1¢] NDVI 4

4 ARE HET 5 Aok

NDVI =

o Enhanced Vegetation Index (EVI)
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Aol old A ZIRlek Aolnr Efais o8kl W Aol st
A

$UA TS BUSE ASE ] AL 2 AGe) g &
F 54 AR, BEX JBAR, F FUNF AR Fol AasA Hol,

(Kim et al., 2007).
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7} E]r"ok?‘?}ﬂ] o] Fol A AL Ut AF S

2ol A el = XP»E Al &3} aL
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DA 7F 9t} (Nishina et al., 2003).
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£ o]&3ote] A AEEE A, olE o]&3ste 7]
Wi ot} (Kalma et al., 2008).

20417] FRERE AARAL 7IHo] A HUA FEAEE F457] ¢
3 theke W Eo] AFH Tt 1 Sl A4 Bastiaanssen et al. (1998)0]
A et3t Surface Energy Balance Algorithm for Land (SEBAL) =& &
F9 W ARGEIE B dd ﬂ@‘oﬂﬁ AMsu AFAZAEE o] &

S AT £ glo] §-840] =il Lysimeter® o] &3 A=

M

:\zrﬁrkmom%r

T&gEe] Landsat 9144 %973S ©]
sto] EE o FF 2 o5 AA 250 mHF-H 1000 me] M=
2 d AFE #ASs= MODIS 91443 22 A= AT &5 A A7 A
wreo mel FASGE A4S SEBAL 24 A&sto] iS4t
Aot A7 e Al A Q)

20073 w3  Mapping EvapoTranspiration with Internalized
Calibration (METRIC) =32 SEBAL =& & /A3t = U HE&4

o

= Eol7] 9 HAow JEHAT (Allen et al, 2007). o] RE2 7]&
Aoz AFet 7] Atele] &84 HAE 7IWoR dta glo] P A
grrt 4 w2 s BN, A, AR wEE AdA
Aol BAl & ol &ste] B WA Abs o HASHA AAEHAY
el = AFHEE FAY 7 =S AT (Allen et al, 2007). 3
AUA A WS olste] TS A ER Ao T ¥ A
BE & glojof & deart glon, Sugkel ola] AHlE ouyA= 9
UA A4S ol gste] 72 & v
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FAA A TE EES The A AR diste] AAAFE INte R
st 7he 24 A7 el FaE L

AAAFE G997 gl BAgte® AEo] %y vk ¢S UEE A
A e 954 FELS AEY 4 HE #AE dHede 24
ol FGoAe o] ATtEanE V|22 GG MExF}S Tk
At AR T A8 AFA HSlEAE aRH o i F
AT =2 AT 7S AN AEAY g 2dy] 4 dAxd &
g, $94E WA T g FokdAd ZEH 1 Utk (Huete et al,
1999). =38} Holo] A= LAI (Leaf Area Index)t} ZFuhibeka} ke <
TEFEY 49 A FAS fste] AFEH | sk AA7EA] oF 209

T AAAFIE AL EI Q= vk 7P dE AR = A A A A
< (NDVD+= Rouse et al. (1974)c] A|etgt A AWAF=, 2o o
EAVALEA ZALE fdste] 7RA B e Red 383 24 9d S A
el
_ﬁ_

r

Zgste] Abgeta vk NDVIZE A4 Abe] de] ARSI 9= o

£ AE afe) BN 54 wren A% oo giHd b 2

2292 045 pm 067 pme FFUE AeA T 1 A A
o] Ao M=o Ao whalbgo] YolA A HW, 0.97 pm” 1.3 pme <
Aeolded oo Aet wAl 54& ZHAl "k (Shin et al, 2015). NDVI
E o] &3 JHEH e A &Y WEE vdasre] Wl w2 g
o2 gAste] Fdg A9} Al7|olA e Al Fleo] WEE Fate JHE
< @t NDVI ol 9ol tlxEael A=Az = EVISH VHI So] 9
owl 5 oA &us] Agu o] gt
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(a) NDVIZ} (b) NDVIZ} SPI
PDSI2| Ar3H 4= 17022 ArabA 4
o

{c) NDVIZL SPI {b) NDVIZ} SPI
IFHES 22AH s GBSO AR
A ﬂ

<3¥ 4-33> 9F A7 HRAA T AT FAAT |

2183 5(2015)> Terra MODIS ¢4 974e] NDVIE F538to] 24
Bl X4 (Vegetation Condition Index, VCI) ¢} EF3d EF=AFAMA S
(Standardized Vegetation Index, SVDE o]&3lo] 7ME x| F3 7]
He AAEA T

HtolE AAAFHoR VRS Huske Ao ofd, $14 7Nk 2
At AGaSAEee] A4S 3 SFA THEATE &85t
Z7hes A A7 JAHL vk ve w7 A A AEH (NDMC)
M= AP SAaE ABATE &3t VA FA dolHE A
gk SPISF PDSI, A4 5EAS 183 & e EA g5 AR, T
A #1249 (Digital Elevation Model), EdfF ol g% 55 A3}
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o VegDRI (Vegetation Drought Response Index)E #| A3t @
5(2015) VegDRIE =dlo] A&t AlFA 71L¢s VegDRI-SKorea
AAlskar 20128 =l A Al 7h ARGl tieke] Al A T S
st HE8A4S AT E39F QuickDRI (Quick Drought Response
Index)= SPI SVI, E45, S AE=ds4d a45 25 2%
stol Az 71wk "olH = Yetll= 7 AlgelH, Flash drought$t 22
@] Zhmel diste] wEA gEEd ¢ gl Aol

Mroo fol

Model Development

Data Input Variables g Regression Tree Model
‘1) Haﬂ_nte Sensing Component i | 1) Classification and regression trees [CART) algorithm
i| = Vegetation health {1 e Cublst program
information | | » Generate rule-based linear regression modal
| = NDVI-based | . = Data mining technique

=
: |
|
| | » Standardized seasonal | ) cqieniating the grid-based VegDRI value
greanness [S5G) i .
{ ! = PMapCubist program
i i | # linear regression equation

1| 5P, 556 grid-based map

1 2) Climate Compeanent : i S
P = 0 7|+ Measure of dryness i

o ettt i vk | VegDRI Maps Generation
[ L5 | « Self-calibrating Falmer ! :
| 2 & 0 Drought Severity Index |
t &ﬂ_ e [SC-PDSI)
! 3) Bivphysival Compuonrent
: 7 = Environmental
characteristics
| » Land use/cover
| = DEM
Pﬁ & Ecoregion
= | # Soll avallable water
vl el copacity

F U Aze AedAast uws s gtk 45e) Eo
2 g Sse AuALd AR o oo, A4 sd BE AW
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T A
AWC Available Water Holding Capacity EYd fasw
PE Potential Evapotranspiration A e I s
PR Potential Recharge A g
PRO Potential Runoff A=
PL Potential Loss A=A
ET Evapotranspiration S AR
Ss Surface Soil Moisture Content B 5 TEYEE
Su Underlying Soil Moisture Content SH:- & T
L Loss A7
RO Runoff TEY
R Recharge I

t}. Simpson et al. (1996)°] A|A|
Rainfall Measuring Mission)& 7|4 #324 %4 9
al7] 9lete] ZEg¥a gtk TRMM flAdl g@A4" &= 71719 TMI
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xEA o=  ESI
WAl Sk=  Flash
IeAFE AHEsto
(Thermal InfraRed,
TIR) 945 F3le9] #=%+= LST (Land-Surface Temperature) 2 % 7|
Ef vt dadd ¢ A7) "ol ol o] &% ESIVF MRV
Ho| &89 4 9t} (Oktin et al, 2013; 2014). &3t ESI&= LSTS} LAI
(Leaf Area Index)®] €74 A &€& AR5t odUA @& &3 <
WA v & o] olxmElE RS, HmdAE Aed e A4 7
At vlalste] AE R dEHC g 2V ARE

(Anderson et al., 2011; 2013; 2016).

o flr
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N
o
[>
m

Evaporative Stress Index 4km
1 month composite ending October 21, 2018

Standardized ET/PET anomalies

U - .

-2G- -la 0 +1c = 420
<9 4-35> ESIE &3 vz A9 71F EYEHAH (NDMC)
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T o = Az 5(2014)°] SPL, PDSI, MSWSI¢F ESIY] HuE %
sto] 20139 ShRt® GHEAW 7FES g e R A7 THEA T A
qE& ASsEATh
f5d 5(2018)> = 7hmeol dste]l NDVI, EVI, LAIL VHI &
qa 71bk JFEA ST vlaste] ESIZF 7FE AlZ A7) 7F wiEa 9zt

, 53], VHI®] 45 ESI°l vl&] 7He A2 A7 7F oF 40 =2 b

sto] 7hE EYE RS Ak ESIE 483kt 1{%7&?%]4? SPIst o
B0 ¥4 FU2R 4 (Standardized Precipitation Evapotranspiration
Index, SPEDS} v]isle] ESIO] 84S AZs4ch

=1 [ ] Jlulml ") =1 [] enid lewe b

July August

<2 ¥ 4-36> 20133 & 7tEASTE FUEE
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Interpolation

|Geostationary Operational weather stations using Inverse Distance

NOAA GOES ‘ Observed data of

Drnught Enviranmental Satellite) Base @ 1981-2017 {IDwW)
Index
Evapor
' Ind
Generation |
. grid-based |

|
map |
i

Trend analysis of time series

. Meteorological data Actual drought events
. Analysis of ||

i il [ P
: i Weather data from 27 R rt from # April to September as the
! actual draught ;I waeather stations in Global e major drought event

i events i| Tl sk cation ] WEE‘“I\‘ North Korea in w Thie early an W

: | Teiecomn T;i;;]u Syster Ministry of Unification | :m';::m:,w .

: Trend | Determination of Comparison of :

i comparison ECICITEQIRGIGTTY tendency with ENEILBHONOF the
: P r 8 B ¥ applicability of ES|

analysis ESl ESl and 5P1 f SPEI
<29 4-37> 53 ESI 384 HE 9% 758 =

T $97HE S g F

gg-sto] Y7 1?—14513 AsAM = G
= gepn R Abgste]of gt Sujel A THE
koot tgFgt FA AR fA8GEE EEstd e, 1 FelA
Landsat, Sentinel, MODIS %9 94942 &3 %k—’y\—%f*, 2%4%
& AbEeta W 2 HASed ok w1, 22 =
o=z ZFo 4K olF &3 7HEo el "41'5*04 B2 A7 o
o] Ko

U ool BOHE off
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Z o4 MODIS (Moderate Resolution Imaging Spectrometer)©= =
AlZE B3 s EAAL ol AAE AR gRTF Thee 9
C7beoll tigk AdE flste] A GNS 288 W, asd=e 9

I F717F AT AAE dHeolg o 50| §hEA] o] Fojxfof s
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<a¥ 4-38> F47tE AEHAEH FES AT 92

7}. MODIS 7} &
MODIS g7 A3 =7t =2 Ho= NASAY A+

XN A8 (Earth Observation System, EOS)el €&} 19991 12¥0f A}
A #FS 94 Terra 2 20021 590 ¥AlE Aqua 149 gA1d
o]‘jr A7 BZo] Jhesty, A FwHe A AFEHA A 2
doll tate] &dd HARE FHITE Terra 9149 Al obd
72 FFoA FEoZ AYrb= ¥BHAE) Aqua A4S SFd
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SR 0473um Abole] 3 oA 2070
o} 3~15,um ] °§°4°M 167 M=o oigt 2t5 50| b5ttt
MODIS 45 o]g3lo] 7Hag B4ste Wilde A3 ddd A5
AL ol gAY xFoln

= EARTHDATAoﬂ 41 MODIS st Qo w3 HESE
MODIS <& NASA9 A A-&3st= A Z2 1Ml MRT (MODIS
Reprojection Tool)S o] &35t FAad P2 S AT o+

MAINFRAME SPECTRORADIOMETRIC
|
\H SOLAR DIFFUSER CALIBRATION
ASSEMBELY (SRCA)

SOLAR DIFFUSER @ BLACKBODY
LSTABILITY
MORITOR [EDS-M:' MAIN ELECTHOMNICS
MOIDLLE (MEM)
SCAM
WMIRRE SPACE VIEW
PRIMARY MIBACRA RADIATIVE COOLER
N
h FOLD MIRROR
RADIATIVE COOLER
DOA

<29 4-39> MODIS 914 74 &4
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(¥ 4-5) MODIS 94 W= EA3 38 g8 Rof

T8 g8 Wme | BRAAE(m) | 3 EE | 29EYH F=
B 7=, 1 0620 ~ 0.670 250 x 250m | 21.8
ool=Z A7 2 10841 ~ 0876 250 x 250m | 24.7
3 | 0459 ~ 0479 500 x 500m | 353
4 0545 ~ 0565 500 x 500m | 29
EX], T8,
Slolms =4 A 5 1.230 ~ 1.250 500 x 500m | 54
6 1628 ~ 1.652 500 x 500m | 7.3
7 2105 ~ 2155 500 x 500m | 1
8 | 0405 ~ 0420 1 x 1km 449
9 | 0438 ~ 0448 1 x 1km 419
10 | 0438 ~ 0.493 1 x 1km 321
EIR= R 11 | 0526 ~ 0536 1 x 1km 279
e FHAE 12 | 0546 ~ 0556 1 x 1km 21
Ay z}sl ok 13 10662 ~ 0672 1 x 1km 95
14 | 0673 ~ 0683 1 x 1km 8.7
15 | 0743 ~ 0.753 1 x 1km 10.2
16 | 0862 ~ 0.877 1 x 1km 6.2
17 1 0.890 ~ 0.920 1 x 1km 10
WE 7 18 | 0931 ~ 0941 1 x 1km 36
19 | 0915 ~ 0965 1 x Ikm 15
20 | 3660 ~ 3.840 1 x Ikm 0.45(300K)
€ rE en 21 | 3929 ~ 3989 1 x 1km 2.38(335K)
22 | 3929 ~ 3989 1 x Ikm 0.67(300K)
23 | 4020 ~ 4.080 1 x 1km 0.79(300K)
g e 24 | 4433 ~ 44938 1 x 1km 0.17(250K)
25 | 4482 ~ 4549 1 x lkm 0.59(275K)
26 | 1360 ~ 1.390 1 x 1km 6
T, 7371 27 | 6535 ~ 6895 1 x 1km 1.16(240K)
28 | 7175 ~ 7475 1 x 1km 2.18 (250K)
T& 54 29 | 8400 ~ 8700 1 x lkm 9.58 (300K)
°FE 30 | 9580 ~ 9.8%0 1 x lkm 3.69 (250K)
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- 12 7bgs dlolHE o]l &3kl @yt AAAMA Y930 Extract
by MaskZ A3}
- Yy AT B AlE F9A shp HdS &8

2019001.ET_500m_setnull.tif
Value
-High : 131

S

s

-

<2 ¥ 4-61> MODIS |4 2z 7}& (Set Null)
- MODIS 94& 2888 ValueE 7H3 917] wjiol olgk A7
g sorg

- MODI16A2°] 739 &3 Hel¥ gl -32767732700 o] £jdll, A
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2+ ETE AitstA &2
- Fill ValueE Set Null 9] Valid Range& #|¢|3F @&

2] S ghol

o] O
=

- https://Ipdaac.usgs.gov/products/mod16a2v006/

- 91 Aol Eo A MODI16A2¢ tigh A ARE &<l

(¥ 4-9) MOD16A2 dataset 44 AR

0|

4

(Fill Value)

A A

T ol gk AA

SDS Lo . Data Fill No Data | Valid Scale
Description Units
Name Type Value Value Range | Factor
16-bit 32761 -32767
Total .
ET . kg/m?/8day | signed to N/A to 0.1
Evapotranspiration . .
integer 32767 32700
16-bit 32761 -32767
Average Latent ) .
LE J/m?/day signed to N/A to 10000
Heat Flux .
integer 32767 32700
. 16-bit 32761 -32767
Total Potential . .
PET o kg/m?/8day | signed to N/A to 0.1
Evapotranspiration .
integer 32767 32700
. 16-bit 32761 -32767
prp | Average Potential -, o igned |t N/A t 10000
Latent Heat Flux am 4 '51gne © ©
integer 32767 32700
Evapotranspiration 8-hit 0
ET_QC | Quality Control Bit Field signed 255 N/A to N/A
flags integer 254
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(£ 4-10) MODI16A2 Fill Value

Description Fill Value
Out of the Earth 32767
Water body 32766
Barren or Sparsely vegetated 32765
Permanent snow and ice 327764
Permanent wetland 32763
Urban or Built-up 32762
Unclassified 32761

2019001.ET_500m_calculator.tif
Value A
-High: 13.1 '

.LUW! 1.2

-
e ol

<3E 4-62> MODIS 94 2x+ 71F (Raster Calculator)
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- MODIS 94& 1<
o] Scale Factorg =&

- A& MODIS 9348 Scale FactorE #allof AA ooy #e
oq% 2~ o] o

T AR T

Lo

8§42 WA FAGD JARE 2ol 5

2} mﬂ

[0

- Raster Calculator® ©]&3}lo] MODI16A2 % ET, PETo| 3]sl
Scale Factor 0.1S 2 AAE 2 F3lol&

o w97k shEheE A

FU7bEel TR Al SRS H S5
HelHE &8st s7hw2a (ET, PET)E FZ3t
gHE (ESDE Abgshs A& ot 2o
ET
PET
a9 HE olgste] sd7bw et (ESDE
d s47HE s E (BESDE 0 ol el #e 2t

ESI =

20190101.ET_500m .tif
Value
- High: 13.1

20190101.PET_500m tif
Value

- High : 19.2
Low: 1.3 Low * 2.

e

<Y 4-63> 54 A7l 4/ ELAE
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ESI_Z2019001 tif
Value
- High : 1

Low: 01158512

<19 4-64> F47tE vy (ESD
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Ho5d flddd 7l s¥7ks 2HEZE 2E T

HEel b A Ade g AU REow YU @

golth 1494 F 4 A4GES B NRZLZ B8 A

A dlelels @A mebstn vAS Aol g FrYe BEHE A
©) [ ©)

Measuring Mission)©] 1t TRMM A& A} X dx} ofd) =S
#Este AAE 42 oF 400 km FEolA <F 250 kme] ~WES
7HA AL A e 55 #Seta Ak 53], o] 1A gAlE Aol
] PR (Precipitation Radar)> M7A Hz=Z $Fdd 33 7] ol o]
o Ku-#= dolygz 1.8GHze T3+ dl9S AFEstal Atk (Iguchi
and Meneghini, 1994). °o]zle] W7+ °F 17dBZelH, o= <F 0.7
mm/h-q] 701"?‘ 701'1:01] gﬂ%l}u}. PR

o
&
o
S
o,
olr
rlo
B
off
ol
X
=2
>
4
i,
N
o

3 = o,

CHIRPS (Climate Hazards Group InfraRed Precipitation with
Stations) #1892 7w B AT &4 W3t RUEHHS fs AAE
d A O oy FF4gF dio]E M Eo|tt (Funk et al, 2015). W] =r=r
A W7+ (United States Agency for International Development,
USAID), v=&3$F (National ~ Aeronautics and  Space
Administration, NASA) % = Hajgh7]#2]= (National Oceanic and
Atmospheric Administration, NOAA)®] A& W o2 2 A=
(United States Geological Survey, USGS)°e] 1999\d t©lo]g 7} 3]HFgt X

Aqe] F¢ AEF YT 71ES ARt 27 dFE LPE B
2 deolEet Ay A Eds dgsts o $Hs Fen, Ao
NASASF NOAAS] Azt 718t YA sk =4S 5 uad= 449
B 7158 FEsgv CHIRPSE 198195 E dA7 dX 7 25

P~

A2 E 005 degree ANYEZR AFsta on, USAID 7FHEZ7]| 4 HA
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g YJE9 3 (Famine Early Warning Systems Network, FEWS NET)9]
olgt 7t EUYHH &&= drt. CHIRPS+= CHPClim (Climate
Hazards Group Precipitation Climatology), &= AA dA A A A=
TRMM 3B42, NOAA CFS (Climate Forecast System)® of7] =4 7$
g de 9 (94 713 A 2E 2§ g AZRYH ATE #AS
stal FH5gh o A 9ol EAFtel = &+stal CHIRPS © o] E
Hlo]2~¢} 7]Eo] thE A HolHH o] 20 F8 Aol vuE A=
Hlast g alef e FAs Algstr] wolth o8& 7hsd dAT AT

0.05 degree ©|3}9] A E=E zt=t} X F7FA 9
CHIRPS A5 & 7|uo 2 g 4= £do] AlgAoln, F2 o}zl

e
Z8Es Fa At

GPCC (Global Precipitation Climatology Center) v6 A4S 1982\ %-
B A7 BE Aol 24 B delHE BEdrh 9 10 degreed]
AT AF WUy 2 d7E 9@ AT 45 Bl bsatn,
70007900071 o] 2ol FA e W vlolHE WMo R AFgt)

PERSIANN-CDR (Precipitation Estimation from Remotely Sensed
Information using Artificial neural Networks-Climate Data Record) <]
42 1983 FEH AA7FA 60°S-60°Nel A dlolHE A&t 0.25
degree®] sd=m A AA AT FAANE EAsiH, AAA B2 A

el 7] FASh WE $Ao o] gH L

M4 (201D BFAE7F et & A da SA4S AT
getalr] 9)stel TRMM 9149 Z5deoldel PR 547 (2002-2006
d) 6455 89 wete dtE=s S4ske] be = A3} Fopafo}
of ofddh R Ao AH Fg-of FeEe A4 Fx EAS A3
R skl Abe T
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5 (@) convective: EAL 4. (b) convective: EA2 4 (0) convective: EA3

=]
o]
=
=

5
=
.
s
e

o

)
=

storm height (km)
£~ x

N
storm height (km)
storm height (km)

-
L L
=

e

L
"
)

=

=

=k

e

i 10 20 30 00 10 20 30 0 20 30 40
rain rate (mm/h) rain rate (mm/h) rain rate (mm/h)

" ‘(_d__)'gt‘rz_x’ti_l"ggn.: EAL R " (e) stratiform: EA2 . (f) stratiform: EA3

£
t—
o

o
T
= oz
i
5 x

R
=
=

N,

storm height (km)
o6

storm height (km)
20

storm height (km)
e

\

-
-

G
)

o ™

=

0 ] 10 15 5. 10 15 20 o0 5 15
rain rate (mm/h) rain rate (mm/h) rain nﬂc (mmfh)

<39 51> UF 2 AE A4S $90 U doln MAE R ZE o9
AYE T AE

[
S
o

v s 5(20<1¥ 52 9y A3 d= —.4 J(TRMM :Tropical Rainfall

ol
HEE AR FUEA A BYF &
]

Measuring Mission)ol| 4] & T+ 54&
dul} 2 Yehd FEAE gotr 7] %3}04 19983 ¥ 1999 &2 =
- Abglel thske] A skdth. TRMM/PR 33 7% AT eb A AoA &

¥ AE 717335 A (AWS @ Automatic Weather System)oll Al #3554
ft= vlalsksieh
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(a) Giri Mt. Heavy rainfall (h) 98 the 9th Typhoon Yanni

- TRMM NSR{22:13:57-22:14: 14 LST) — TRMM NSR(22:45:07- 14:45,50 LST)
1 - wod
E
370 310 Ry \
et E
360 360 4 - ST
3
35.0 3504
Ir 3 ﬁ
3404 340 ?J
330 B0

1240 Izill I26fl i"'l'ﬂ IWRU !‘Z‘)D I\OU 1314 1240 i’Sl} ljbl! ]7’{} I’EO I”’flﬂ 1300 1310

180 AWS Hmini22 10-22:20 LST) ol AWS:EmIimI4:4{H4;5nL,.‘m
370 ] ? "}
4 360 360 4 LI e
5 W . L
535,0 B0 _" ! .'_ Ll e _9' 301064
.. g l 6010 100
340 TV I . . -I-‘.* g K 10410 150
3 15010 50.0
5040 2.6
330 330 ; .Q. . (?_ n l i
1340 1250 1260 1270 1380 1290 130.0 1310 1240 1250 1260 1270 1280 1290 1300 1310
longitude longitude
<2% 5-2> TRMM/PR 2 ASW Z$%¢ GMS-5¢ o] 24% IR
o] H] %]

Pari-Sima Katiraie-Boroujerdy et al., (2017)2 GTCH WS A}-&3}
of 914 71wk Z4gdole] Al E<l PERSIANN-CDR % TRMM 3B42V7<}
Alolx] 719k 74 dlolg AME(CRU)E € Hlusddth Holx 37]9
dolg Algl=7F Basty, AT 7]k AlolA HelHE ol&d + UE
71291 1998-2007d .2 &tk GTCH Wgol 71 xsle] 7 o] 7}
tolg AEC g 4 A=Y Hit o], FE Ht Aw o] &
SNRE Al4keksd
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PERSIANN-CDR

Noise Estimate

60'E

BE ;e ssE

CRU PERSIANN-CDR

Signal to Noise Ratio

BE @mE SE E A& s'E SSE GE ®E mE ®E wE
<29 5-3> CRU, PERSIANN-CDR ¥ TRMM-3B42V7¢ GTCH #H <&
o] 83 W AFHF 22 F4X 2 SNR

CHIYUAN MIAO et al.,, (20152 1983-200611 7|7t &St Farol A
A ol F9 A5 AL 2AE7] fel A7 AAE-7)FrolE 7]
B 4

(a) EA ’ (b) PERSIANN-CDR (C) Pixel correlation (d) Scatterplot of mean

RR99p

Gauge (mm/day)

i R=0.83

RMSE=15.07|
0 = :

0 50 100
PERSIANN-CDR (mm/day)

<219 5-4> EA 2 PERSIANN-CDRU|oE ¢ 4 =3 759 99th ¥

95th W& 9 A (a), (b)s} EAUICIH AEY I3t 4& A £X(c) R
PERSIANN-CDRH °| 8 A9 4t3H =(d)

Gauge (mm/day)

00 30 60
PERSIANN-CDR (mm/day)
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AT 2(2017)S GPM IMERG 2% g A4 2 gojuz =
AE AR v HES Y AIEE BA45ta ol & HlEg o R dhilx
s glow Ae-Hws Jd8xassE &8s= 7FE A4 SPI(Standardized

Cooan . s ks e SRR SRATE SREE

DISTANCE NGRTH OF BUSAN (k)
& 5 3

DISTANCE NORTH OF PUSAN (km)
DISTANCE NORTH OF PUSAN (ki)

. DISTANCE NORTH OF PUSAN (km}

-1
EFT] EX b}
DISTANCE EAST OF PUSAN (km) DISTANCE EAST OF PUSAN (km)

(@) 1400 1430 LST 25 AUG () 1330 1500 LST 25 AUG

w1 -0 0 a8 W 20|

R RO 0 D D e S O S D Do B

: DISTANCE EAST OF PUSAN (km)

(8) 1300 1330 LST 25 AUG b

DISTANCE NORTH OF PUSAN [km)
DISTANCE NORTH OF PUSAM {kni)
DISTANCE NORTH OF PUSAN (ki)

DISTANCE NORTH OF PUSAN (ki)

6 a1 &0 1m

Sm 40 w0 0 w80 | e e a0 0 [k & ] : 0 A
DISTANCE EAST OF PUSAN (km) DISTANCE EAST OF PUSAN (km)

W m
DISTANCE EAST OF PUSAN (km) DISTANCE EAST OF PUSAN (km|

<9 5-5> GPM IMERG(a-d)¢ #Holt A% E¥X(e-h) v

3 Joia 229 499 a4 ¥ A4 54 19
@ AT 2rE 1HD AR ALHAT. AFREARDES 2
gotol S BAT A, AF AGe] B TR D ANHL
o AGE AR AL Q7] wRel g4I Bagel EHg
A, S =R 9 ARE B8 M 246 dste] @207 9

VegDRI (Vegetation Drought Response Index)= NDMC<2} USGS| A
Mgk AAZtERUEE AZEHR 713EE 7 A® SPL PDSIS
NDVI, SSG (Standardized Seasonal Greenness)®t 722 2A7|dF 94
A 84 ¥ EXYELE FARIEE EGFRolsUted, AHTY9E
s A=EYTA HEE 83 JtuARolt THEHTEA JHE Akl

ek s 7)E=S 2zt 9= SC-PDSI  (Self  Calibration-Palmer
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Drought Severity Index)& AME-3sto] 593 7ta A% &7 7l 713
ot 7FEA G ARl Fash dolyrt W] wfiiol o]y wnlo]y

o]-&3to] VegDRI #t= g gttt
B, A BEdSa, S 53 AEEEH 248 XEe o
43t 245 Eoste] s e QuickDRI  (Quick Drought Response

Index)= BT Suabsr A s gAste] @77 715 dd 2 2

Aol g3t JhEAgolth 1 kme sigEet 457 A FHAEE F
= =]
™

G2 AFsty 7hE EUE o]l 7hsskth QuickDRIE @71 545

A @Ays WEelE Flash droughtE A= AAEAOH, o=
TP BAAALRE APAQ] FFS vH F 7] "ol wEA o
ggst= o] Fasith dnbd o R AMEEE 7HE REYEH FiEhA
9 A #d w7t 2% Row QuickDRIS] 3+ 7Hzo] A
st s dYdste A By ofyg) Jhee A3t B ASHE F9s
Adstar oo digh 7] B e &S st sloltt

714 2 94838 s S5t thE A Hlawste] ®zkskA W
< F Aom, THEY AATE HAIE flete] A" &8 2 g
St JHE St HFHoR dtdst= A 7uke] 1 E THE A
HE Aggdozxa g9 7He 34 A&l s Al F s AL
2 AlREY FF I AR ZUAY AE5E FHoto &8t
W 7HE B AFA e s =22 Jdew dddr
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A. Input Data

B. Training Data C. Model(s)

Historical database

Regression tree analysis

development. to develop weekly
Input data extracted QuickDRI models.
for specific weather

station sites.

Satellite Data

* eMODIS SVI & S05A

* Evaporative Stress Index
*  NLDAS top 1-m Soil Moisture Anomaly

E. Operational
Map Production

D. Gridded
Application of weekly
Input Data s n:nd:l?:slm

gridded input data

Climate Data

Biophysical Data

* Land UsefLand Cover Type
* Irrigated Agricultural Land
*  Soil Available Water Capacity

Elevation QuickDRI map output for distribution to US DM auth expert

* Ecoregion I , and decisi k Data, maps, and web services are
available at https://vegdri.cr.usgs.gov/viewer/

<2 ¥ 5-6> QuickDRI % &

25 1489 *J % CHIRPS, GPCC v6, PERSIANN-CDRS @&
o] T TE=20 A4 Aae nustgon, 7 e gt 7
FHF A5E E%f& SPL AH4 & &3 =l 7Fes EAFo=2M vASF
Aol et 7HES BT
U A A5 7 A494 4 A4 A8E vae Ay g
Aads B AQUﬂ, AU E B8 %3e] GPCC v6+= R square
0.

9724, CHIRS 0.9639=

TE 09 o]
AN g b E} A9 N BEAEe} N

a8 B4t
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rir
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1o
o2l
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ki
L
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o
s
v
rir
P
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E
c
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-
e
©
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2
o
Q
A
o
* CHIRPS 4 PERSIANN-CDR 1 GPCC  —=—STATION
GPCC - STATION (South Korea) CDR - STATION (South Korea) CHIRPS - STATION (South Korea)
700 00 3 700 B
&0 | ¥ =1.0508x - 0.7865 oo | ¥ =1.0564x — 7.9342 — eoo |¥,=0.999x +0.5148
£ o R | oo i
£ : Ew L S0
8 m : o 300 o 8 400 o
o o =
v > G 20 T 200
100 109 “
o o 100 200 300 400 500 00 00 ° o 100 200 200 400 500 600 700 e 0 100 200 300 400 500 800 00
Station (mm) Station (mm) Station (mm)

<a2¥ 5-7> A% A48 IET 78 BFL: AFARE v

S E3lo] 6719 A7 @99 SPI6E A on, AHA
gk SPI6°] HZFS flste] =ulelA TAIH 7HE A7) 2 HE) A9S
ZAbsEA T AA 7HE A7l SPL 3 =S YEl o 34 JHE ALE
o} Hlaste] 1994, 2014, 20179 7 912494 71vke] SPI6E YERd 4
I, AA e A9E D4 GAE HErWen, PERSIANN-CDRe 7 -
D3¢] vHlu A e JhE SAE HATH

o5

e AHIEE
a

RMSE-MAE #4] Z3} PERSIANN-CDRY] A% 2o AH34d (RMSE
0.6, MAE 05)< ®2¢gom, CHIPRS® GPCC vb6E thh =2 A

(RMSE 0.5, MAE 0.4)& 2%t} stx]%F CHIPRS® GPCC v6+= AAF A
7)o A oF 2082 & Z}o]7b 9lom, CHIRPS ¢4 7H4 nald=
oz A 9494e T3 SPL EATE AHgEe JHE
g Ao tiste] &8A4do] =rhal ALRE T
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(& 5-1) =W #A 7t& A9

7HE A A7)

v A9

19943 74

SHCEE) A9

20014 5€¢

471, 4 A4

2014 8¢

371, €74 4% A

20174 64

A5

1994

2014

2017

CHIRPS

S {99407

PERSIANN-CDR

<39 5-8> 75 AN IR AAF SPI6S A=

2
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(% 5-2) 4% 14894 ¥ RMSE-MAE #4

1994d 7€
CHIRPS PERSIANN-CDR GPCC v6
RMSE 0.567 0.639 0.475
MAE 0.457 0.498 0.360
2001 5€
RMSE 0.530 0.566 0.563
MAE 0.431 0.472 0.468
20143 84
RMSE 0.472 0.634 0.466
MAE 0.372 0.542 0.354
20173 64
RMSE 0.511 0.675 0.498
MAE 0.427 0.549 0.375

A24d Test-bed A/ AT+ 4

Test-bed A F AT HAAEL Yale] TrRA HA o] Aozl Y
3

1
M RUERE A8 NPATIRE J4BnEa Bl 5 A9,
FEAEP) EFFE A A, T 2GS el b 2y
A7), A A S AT shetd Qe Rol ARATY 2ol
0 WHREG BYSR BEAYS welsgon, EFSE A5 A
A % A B4 ool Yk AGE FEUT NFAT HF AY
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o 949 Fotod YAARE FhSd WAL AFBSAR
WE Fste] A GAY] A&l distel #EE Ak Al@AT
1 -
FHoZ BE BUHY wde Hg4e AR F Qom, AY
Todel ASAE B8, A49F Al hesd B W@ 484
o =L 2=
B7tE = 3
| Administration border L m;mlnistration border .L"
® Meteorologicalstation ___  cokcuo (so0) @ Soilmoisture_point .. |
i = _.J‘" X
uuwch:ai:_;_mﬁl 7N P -
_;H'EBN-{'Z'J' ZIG d _sn'l:uNG (105) >
wn;b{__mmﬁ (100) ® ‘e °
fa ™ oty
ere

BORYEONG (3355, 1veo sy
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% JEoNU T
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vty

S

<29 5-9> 5674 714 #BEF4A 2 EGSFE A5 AAH
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Administration border s

I-- ® Meteorological station “&”"’"”
) IE 2

o Demunineonf®y N
i 8./ SANGHEUNG {105)
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®woni14) N
o efeonpin 1
NG (T, -l — Uk 130)
8 wsoncui

&) [ & L
- YANGEYLONS (202) DAEGWALIYEONG (100)

Y veowsosox iz
L{ T e

20174 88 52 :
80| 2L X 47 56704 JlNTEL BE
EUES (=MXI1F H2l)

<39 5-10> 9494 243 A3 BS9

2
w
iRt
o
oX,
o,
0%
e
ofo
off
r
N
—|—l
o
td
L
v
o,
td
s

B Ao E Q7 84 F NS 835l 5HUME
of digh At ¥ FAE st on, FAHeR AHAste 49%
718F 357} A4 Evaporative Stress Index (ESDE % &3] =W %
A7Hr BEUEH| digh 4845 Hrksksvh

7}. Evaporative Stress Index (ESI)

ESIxz= 717312 (H7] &%, 71, BdEALE, dds= )
olg] WAstE AASEAE (Evapotranspiration, ET)¥ A Sk
(Reference evapotranspiration, E7,)2] H|E o]&3to] F 3 ol
(Standardized anomalies)E A|3}3F *|3£ o™ (Anderson et al, 2015),
7he EUHYE 2 ESFE 7N ZREASs Aol do] A ettt

o

(Anderson et al., 2013). ESIE 24 st= WH2 v 2.
BT
ESI = BT,
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A FaabeEe] A9 Allen et al. (1998)o] ol8f 7)< HI$} 7ro
FAO-56 Penman-Monteith (FAO PM)E A}&3tth PM &4& thea}

2,

_0.408A (R, — G) + v(900/ (7,00 +273))uy (e, —€,)
o A+ ~(1+0.34u,)

ETox #AAZ=wat# (mm day—1)©]il, Rne A} (net radiation,
MJ] m—2 day—1), G EY € 7% 2% (soil heat flux density, M]J
m—2 day—1), Tmean< 2 m =°]o|A2e] dHF7| (°C), u2T 2m =
Aol FEH (m s—1), es—eat XESF7|olA AAZF7IY (kPa)<

A&, AL TV T4 7187 (kPa °C—1), 183l 42
psychrometric coefficient, kPa °C—1)¢]t}.
SHAb S ALESE A Al 2 XYW SEARRY] Jg
kel

o

=
P glon, % a7d 2 B HAUACdA dEs= W
.l

2o
H

A oy
Br ooy b 2
2
o
Bl

Yo, b B
Ky
S

rJ
> o

bl
.=

TS aEEty] "l AEY R 2EUS fud
X AA FEAAEFRE 1HPE W B =2 AFEE HAFE
(Otkin et al., 2018). AA FTHitEFe] F42 9% 719t Thermal
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(X 5-5) ESI¢ Az &< T8 AHE A5 &

Chung | Chung
South Jeolla Jeolla
Month | Kore cheon | cheong won g gi gsang gsang buk nam

buk k
a | %p) | ©v | GW | GO | @g | G | UB WN)

-0.41 -0.59 -0.57 -0.99 -0.29 0.10 0.05 -0.14

117036 | (005 | <023 | (021) | (-063) | +007) | (+046) | (+041) | (+0.22)
o |.os | 032 |-047 |-017 |-080 |-030 |-020 |-0i5 |-022
341 (000 | (013 | (+0.17) | (-046) | -0.05) | +044) | (+0.19) | (+0.12)
s | om0 | 078 |-099 | 015 067 | -043 |-025 |-065 |-038
50 | (2028) | (-049) | (+0.65) | (-0.17) | +0.07) | (+0.25) | (-015) | (+0.12)
4 | om |08 |-t |03 |-102 |-066 | -088 | -077 | -047
711 (+005) | (053 | (+036) | (-031) | (+0.05) | +0.16) | (-0.08) | (+0.24)
5 | _1g0 | 7146 | 224 | -0.69 | -148 |-134 |-099 | -118 | -0.99
: (-0.16) | (-0.94) | (+0.61) | (-0.18) | (-0.04) | (+0.31) (+0.12) | (+0.31)
6 | 133|179 |-215 [ -014 | -162 |-1.40 | -089 | -148 |-1.17
33 | (=0.46) | (-0.82) | (+1.19) | (-0.29) | (-0.07) | (+044) | (-0.15) | (+0.16)
7 | ygp | 150 | -187 | -065 |-1.26 | -177 | -194 | -113 | -0.94
32 | (20.18) | (-0.05) | (+0.67) | (+0.06) | (-0.45) | (-0.62) | (+0.19) | (+0.38)
e | o5 |04 |-026 |-020 |-076 |-051 |-198 |04 057
ST 14013 | +031) | +037) | (-0.19) | +0.06) | (-1.36) | (+071) | (+0.00)
o |14 |12 |05 |-084 |-123 |-158 | -208 | -048 | -08
04 12008 | (+045) | (+0.20) | (-0.19) | -054) | (-0.99) | (+0.56) | (+0.56)
0 |-om |04 |-028 |-030 |-050 |-117 |-110 | -0.18 | -019
53 | (40.05) | (+0.25) | (+023) | (-0.08) | (-0.64) | (-057) | (+0.35) | (+0.34)
| oss | 029 | -024 | -040 |05 | -088 |-058 |-053 |-025
3414005 | (+010) | (<006 | (+0.49) | (-024) | (<024 | (019 | (+0.09)
o lose |00 |09 0.01 004 | 012 041 017 063
: (-022) | (1000) | 0.18) | £0.15) | C007) | (+022) | C0.02) | (+0.44)
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(E 5-6) 7IlE Axdd @& AFE 7t&F H &
Month
Area Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
(do)
Gangwon | 164 | 13.0 0.2 1.7 13.8 4.2 16.0 9.2 238 | 17.1 4.3 4.7
Gyenggi 281 | 27.8 | 94 209 | 40.7 | 493 | 365 | 208 | 362 | 14.1 2.4 12.7
Gyengsan
19 4.3 0.3 0.7 138 | 174 | 60.2 | 59.7 | 674 | 47.7 1.3 0.8
gnam
Gyengsan
56 | 12.2 1.2 109 | 332 | 412 | 51.3 | 21.2 | 49.7 | 483 3.8 5.0
gbuk
jellanam 1.6 2.1 1.0 32 203 | 282 | 220 | 171 | 154 | 124 | 32 13
Jeollabuk 1.3 2.5 2.3 21.7 | 30.7 | 50.7 | 34.1 4.6 10.4 7.6 6.2 76
Chungche
72 8.9 123 | 430 | 843 | 744 | 404 7.0 125 | 6.6 14 34
ongnam
Chungche
112 | 105 | 76 5.6 436 | 59.7 | 423 | 11.2 | 305 | 16.9 05 12.1
ongbuk
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(% 5-7) SPI Valueol W& 7IE @A F& (McKee et al., 1993)

SPI Value Class Percentage of time (%)
Extremely wet 2.3
1.5 to 1.99 Very wet 4.4
1.0 to 1.49 Moderately wet 9.2
-0.99 to 0.99 Near normal 68.2
-1.49 to -1.0 Moderately dry 9.2
-1.99 to -15 Very dry 44
Extremely dry 2.3

(¥ 5-8) SPI Valued] W& 715 94 +& (7133
FEINZIEZRA2H)

A = zﬂﬁ;jZ(ﬂ)
1.00 < SPJ -
099 7 -0.99 -
-1.00 7 -1.49 14~ 20
-1.50 7 -1.99 21 7 3.7
—2.00 > SPI 3.8 7178
-2.0 °o]3}7F 204 o] X & 17.9 o]+

o]

T Y7 A A E (NDMO) A = 7HEe] HlEel mlare] X934
54 133k Percentile WHo= 7R RUEY  (United States
Drought Monitor, USDM)< Xl &3stH, 7]& SPIeF vt =2 A SPIY 7Ha ©
AL FESAT 7HE dAE 5 GAlE TR, SPI Value - 1.0 9]

to A
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sHFH ZheoR dAdshs V€ b @A 2 2 USDME - 05
ol3te] SPI Values 7h=ol Al#tez wetstgitt

(¥ 5-9) SPI Valueo] W& 7[5 @4 +% (USDM)

Category Description Percentiles SPI value
DO Abnormally Dry 21-30% -05 to -0.7
D1 Moderate Drought 11-20% -08 to -1.2
D2 Severe Drought 6-10% -1.3to -15

D3 Extreme Drought 3-5% -16 to -1.9

D4 Exceptional Drought 0-2% -2.0 or less
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Evaporative Stress Index 4km

Evaporative Stress Index 4km
1 month compasite ending September 28, 2019

0 manth compasite ending September 23, 2009

Standardized ET/PET anomalies
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Category Description Percentiles ESI Value
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1) Nearest Neighbor
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def write_values_from_nn():
source_layer_index = QgsSpatiallndex(source_layer.getFeatures())
source_layer_features = {feature.id(): feature for (feature) in
source_layer.getFeatures()}
target_layer_features = target_layer.getFeatures()
target_layer.startEditing()
for f in target_layer_features
nearest =
source_layer_index.nearestNeighbor(f.geometry().asPoint(), 1)[0]
value = source_layer_features[nearest].attribute("value")
target_layer.changeAttributeValue(f.id(), 1, value)
target_layer.commitChanges()
write_values_from_nn()
<2 ¥ 6-18> Nearest Neighbor 78 &2 A= 4%
2) Bilinear Interpolation
Aol dkalgstAl 2+l kel 7hEAE 2Elete] e AA s
ot} <29 6-19>°4 ui= a9t bE Hid golal, vi ¢ dE H3k
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<Y 6-19> Bilinear Interpolation
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import numpy as np
from scipy.misc import imread, imshow
from scipy import ndimage

def GetBilinearPixel(imArr, posX, posY):
out =[]

modXi = int(posX)

modYi = int(posY)

modXf = posX — modXi

modYf posY — modYi

modXiPlusOnelLim = min(modXi+1,imArr.shape[1]—1)
modYiPlusOneLim = min(modYi+1,imArr.shape[0]—1)

#Get pixels in four corners
for chan in range(imArr.shape(2]):
bl = imArr[modYi, modXi, chan]
br = imArr[modYi, modXiPlusOnelLim, chan]
tl = imArr[modYiPlusOneLim, modXi, chan]
tr = imArr[modYiPlusOnelLim, modXiPlusOneLim, chan]

b = modXf * br + (1. — modXf) * bl
t = modXf * tr + (1. — modXf) = tl
pxf = modYf *» t + (1. — modYf) * b
out.append(int(pxf+0.5))

return out

if _name_=="_main__

im = imread("test.jpg", mode="RGB")

enlargedShape = list(map(int, [im.shape[0]*1.6, im.shape[1]*1.6,
im.shape[2]]))

enlargedimg = np.empty(enlargedShape, dtype=np.uint8)

rowScale = float(im.shape[0]) / float(enlargedimg.shape[0])

colScale = float(im.shape[1]) / float(enlargedimg.shape[1])

for r in range(enlargedimg.shape(0]):

for ¢ in range(enlargedimg.shapel[1]):

orir = r = rowScale #Find position in original image
oric = ¢ * colScale

enlargedimglr, c] = GetBilinearPixel(im, oric, orir)
imshow (enlargedimg)

<Z1¥ 6-20> Bilinear Interpolation 7+& A& ZE=E dF
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<Y 6-21> Cubic Convolution




print('Start bicubic interpolation')
print('It will take a little while...")
inc =0
for ¢ in range(C):
for j in range(dH):
for i in range(dw):

X,y =1i*h+2,j*h+2
x1 =1 4+ x — math.floor(x)
x2 = x — math.floor(x)
x3
x4 = math.floor(x) + 2 — x

yl =1 + y — math.floor(y)

math.floor(x) + 1 — x

y2 =y — math.floor(y)
y3 = math.floor(y) + 1 —y
y4 = math.floor(y) + 2 — y
mat_| = np.matrix([[u(x1,a),u(x2,a),u(x3,a),u(x4,a)1])
mat_m =

np.matrix([[img[int(y—y1),int(x—x1),cl,imglint(y—y2),int(x—x1),c],imglint(y+y3) ,int
(x—x1),cl,imglint(y+y4),int(x—x1),cl],

[imglint(y—y1),int(x=x2),c],imglint(y—y2),int(x—x2),c],imglint(y+y3) ,int(x—x2) ,c],i
mglint(y+y4),int(x—x2),cl],

[imglint(y—y1),int(x+x3),c],imglint(y—y2),int(x+x3),c],imglint(y+y3) ,int(x+x3),c],i
mglint(y+y4),int(x+x3),cll,

[imglint(y—y1),int(x+x4),c],imglint(y—y2),int(x+x4),c],imglint(y+y3) ,int(x+x4),c],i
mglint(y+y4),int(x+x4),cl11)

mat_r = np.matrix([[u(y1,a)],[u(y2,a)],[u(y3,a)],[uly4,a)1])

dstlj, i, c] = np.dot(np.dot(mat_I, mat_m),mat_r)

inc = inc + 1
sys.stderr.write ("\\O33[K' + get_progressbar_str(inc/(C*dH*dW)))
sys.stderr.flush()

sys.stderr.write('\n')

sys.stderr.flush()

return dst

<219 6-22> Cubic Convolution 7+&8 A% I 4
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import ggis
from ggis.analysis import QgsRasterCalculatorEntry,
QgsRasterCalculator

# Get layer object
layer = processing.getObject(lyr)
lddLrs = qgis.utils.iface.legendinterface().layers()
for lyr in IddLrs:
entries = []
ras = QgsRasterCalculatorEntry()
ras.ref = 'PET'
ras.raster = ET
ras.bandNumber = 1
entries.append( ras )
calc = QgsRasterCalculator( '("ET" / "PET")",+lyr.name() +
"_ESI.tif", 'GTiff', lyr.extent(), lyr.width(), lyr.height(), entries )
calc.processCalculation()

<29 6-24> ESI A a5 qA(LH)
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import os
for subfolder in os.listdir(folder):
rasterGrid = ""
mosaicGrid = folder + "/MODIS ESI 500m_" + subfolder + ".tif"
rNum = 0
rLim = len(glob.glob(folder + "/" + subfolder + "/=.tif"))
for raster in glob.glob(folder + "/" + subfolder + "/«.tif"):
rNum = rNum + 1
if rNum < rLim:
rasterGrid = rasterGrid + raster + ";"
else:
rasterGrid = rasterGrid + raster
processing.runalg('saga:mosaickrasterlayers", rasterGrid, None, 7,
0, 1, 10, 0, 0, "124, 132, 33, 43", mosaicGrid)

addRasterLayer(mosaicGrid, subfolder)
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from osgeo import gdal
import numpy as np
from glob import glob
import os

data_dir = '/home/'
file_list = glob(os.path.join(data_dir, '*.tif"))
raster = [ os.path.split(item)[1] for item in file_list ]

for i, file in enumerate(file_list):
dataset = gdal.Open(file)
band = dataset.GetRasterBand(1)
data = band.ReadAsArray()

print raster[i], ", mean:

, np.mean(data)
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60000
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<Y 7-1> USGS Earth Explorer

2) LANDVIEWER
LandVieweri= S1E 3 o] =7} -
F dE A EE YA oA E R EE F don uYE A ]
e o ™ <

Ty B g FES o Ul

LandViewer: 3t 5 Z2H A oln|x = A ¥ 3t} AF&A7}
A 4742 Sentinel-1 & 2, CBERS-4, MODIS, &
T AL A4 8w ®BY)7E 7be sk SPOT
~7, Pleiades—1, Kompsat-2, 3, 3A, SuperView-1 5 1La|¥% A o]
A 55 Agsty i ¢ Adv unt asdE e A 7
W H1A gl = Al ge] lth
LanViewere] AA 7]52 wj-$ 7hdsta bt o8 54(3Y ¢
o

[
25 EP) F B At B4 99 A4S F AN 9

O“l



Aesta s Aestd @ T3k 5% (%), HY 1= 2 34 A
o HIE HAE(%Z ZHHAT 4 A
A4 9dS dolHE b2ed u i AA = Fesoz AE A
o A4 Landsat ©]v A S JPEG, KMZ ®+ GeoTIFF dHlolE ez W
Hrs 7 ok T8 54 ~9Es] ek g3k Aeols A A
g ot 54 W= AT geEed 4 Qi)
q

3)
LandViewers] 24 thi9 ¥8 94948 Agss Ashs v
k2 HolHE A AlAststa #48 4 vk NDVI NBR, SAVI, #j
sE AW g A R 9 ARG B4, F92HY

=3 -1 =
e 207 ol R s 2GR AdzE 9 ol
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AA #He FEoh= H =& =
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<9 7-2> LandViewer

3 AAEYFA O F A~ FHE
A E2YF A 2F HAA 2 & B (Copernicus Open Access Hub)
+ ¥¢9 ESA(European Space Agency)ollA 93t F5 A9
TREE Al ZF ot
dAA  Copernicus Open Access Hubt Sentinel-1(SAR %4,
Sentinel-2(333F 94), &4 EUHHE 93 Sentinel-3 & 5 ESAY
Al 9ok Sentinel? #E AN S FERE USRS Tk

=
Copernicus Hub®] SIH#o]~= w9 FHA|A AAo] a3t AL of

k)

- 243 -



<29 7-3> Copernicus Open Access Hub

4) AEd B

Sentinel Hub&= EO Browser ¢} Sentinel Playground®] + 7}#

Aul 25 Tl FRe LEAS A olm Ao AT S Qi
EO P&9Ao= EE Sentinel 9144941, 2 & 3), Landsat 57, 8,
MODIS, Envisat Meris, Proba-V % GIBS A%< AA A F4s =
Shsto] of 12709 T A E A= e E=F 5 vt Sentinel
Playground® &= Sentinel-2, Landsat 8, MODIS T+ DEMA 3AH

AT G BAfola gl EjHE o )

A2 S AEEH T AR BE AdAQl dF ol ~9 He g
AA 7sS 252 Qv B3P BeeAE 9 ZAS 4A S
e 712 A2 HHE AlFetAI R Landsat o] P A 9] 4§ 20km = 7FA]

Sentinel Playground& AF-&3tWd EAo]A(JPEG FH) ¢H & & F
ATt FFd Bt AE AFSstA thde F4(JPEG, KMZ, GeoTIFF)
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<ag 7-4> AEgY =

5) NASA ERATH DATA
NASA<°]  Earthdata Searcht™= NASA®S]  EOSDIS(Earth
Observing System Data and Information System) Uo]€] 2] t}ekst =3
tlolgel thete] el A A5 Ale gt

Earthdata Aol $4, &37], v Z=a9S E3T 84
T HEFd 229 NASA A5 #3t do|H7F EAgth FEE ATHE
Aqua Terra, ENVISAT, GOES, NOAA ¢4, METEOSAT
dolH et F5 GIS dHlo|HE Al&ste] 7], 374, g 2 v

A E, A 9 2 A B3 ATl Ees
Earthdata Search& Abg&3te] 2 949ds HAst 2= oUW
vl - thA Eoksk A S Ao gk BE GIS AEaFel g

al o =

Eodat AAR Aol AR Aok A A LA
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<29 7-5> NASA Earth data

6) Remote Pixel
Remote Pixel> WA 715 HEd HIshr] 98] 27190 AHE

834 Fe HFY FdFd AGGY Az=deoln T A
Vincent Sarago 7IQ] ¥hEo] 9] QI Z=AEo|t

Remote Pixel> Landsat 8, Sentinel-2 % CBERS-4°] Al 7}#] $14 <
g Hlely Al ER AlE gk

AN 7159 82 944 g4 A AN AFESte] onAE Foy
H 3~43] Fgo] Fgsitt. #4 A Y 2
He AdstA Zet ez d 914974
g A Bds SYetr|v shd Hrh

ezEs fsiAs ALl ABew Jas
2= g vk

Remote Pixel ViewerE S 7]¥ W= 23 553 sk wojx~ o
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<29 7-6> Remote Pixel

7) INPE ©|n| %] 7}eba 1

INPE(National Institute for Space Research) ©]v]#] 7}&= 1+=
Batd 59 5 d720A PG AA TR A oA =2k Jt
g2 0]t} INPE Image Cataloge A% #3, 25, 49 BUHY 2
717 #5598l AQUA, TERRA, S-NPP, UK-DMC-2, LANDSAT-1,
LANDSAT-2, LANDSAT-3, LANDSAT-5, LANDSAT-7,
LANDSAT-8, CBERS-2, CBERS-2B, CBERS-4, RESOURCESAT-1,

RESOURCESAT-2 & 12709 9174 oln A =3 7|55 251 vk
INPE o]m#] 7lg2as A AAE ddoz stAle i, 97 %
ol g7} Ao At AFH = F5 9489 T =
A #5 4487 37 Bady 59 3% Y% CBERS4 $4 ol

A& Al g
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(& 7-1) 248 AHIE T7, 53 R 714

AFIA | ¥ _
NI EL | Ad@vares) | w3es e
AT 1 10,0007k
KOMPSAT-3 A% A 570 W=
(sh) 07m 1 _ 29 o] ¢ 7500/kn 16km > 16k (P,R,GBNIR)
- 29 o4 : 5,100/
. A5F 1 120,000/t 57) e
Pleiades () 0.5m A7 A 55000/kt 20km % 20km (PRGBNIR)
A5t 2 55,000/ ko 57 W=
Geoeye-1(1]) | 0.5m A4 35,000/t 15.2kn x 15.2kn (PRGBNIR)
37 M=
Worldview-2 At 155,000/ kit (P,Coastal,
() 05m 1 o34+ 35000/kr 6.k > 164k | o' v R RE.
NIR1.2)
- ATF 100,000k 57 we
SPOT-6(2) | Lom | 4.0+ 48 000/ki 60km > 60k, 2 GBNIR)
. At 1,500/ ket 570 W=
Rapid eve(55) | 50m | S 0+ 1 500/kr Tl 7Tk G RRENIR)
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QGIS9 A Plug-in 7|
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UL [ {Land ¥ {Lat) | LR [ tLan) ¥ {Lat) | & Show @

Products | MODISGO_VE  ~ Date from | 2016-01-01 | = | to [2013-11-11] = Max cloud cover (%) | 10012
Results | 20 || Fitter | Find |

m Add OpenStreettap to the map (@ OpenSireethap contributors, The cartography is licensed as CC BY-54, Tile Usane Palicy)

Product | FroductiD A fi

nNoR-1

Previgw

&8 @

4 »

<29 7-8> QGIS download Plug-in

MODIS YA G428 F+& LAADS DAAC(Level 1 and Atmosphere
Archive and Distribution System Distributed Active Archive Center,
https://earthdata.nasa.gov/eosdis/daacs/laads) Alo]EE E3] th&E= &
ATt 2 AT 83 MODIS 972 A whEe sigsts ddo] &
a3k ZAo] oy, ESIE ALtstr] flste] ET 9743 PET G4 48
stz g S gered 5 9= A)AdS 85y )

LAADS DAAC /\}01 E F3te] AAdE, vl #x A 58S F3

s X] <= }01 ezes g oy vtes Bg 3%
T 27 2 28 9] ke

e

e e o
G4e themsad ESI A Bad AR 0¥ ETe 28 PET
ARE Aese Aeld}
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@ Draw Custom Box (Classiq
D box o the map Panvng s desbiod

=R, L2k, <
X/, 58 So= st
= xe My

Product (colletion)

This file contains multiple datasets, Selecting one dataset will display as a single raster
layer. Selecting multiple datasats allows to display as a group layer or RGE layer.
You must select at least one dataset in the kst,

Select All Clear Al

I
Subdataset ID  Description

_500m"; size:"2400x2400"; datatype:™15-bit integer”,
subdstaset 1 varisble:"LE_S00m"; size:"2400x2400"; datatype:™ 16-bit integer™;
subdataset 2 varlable:"FET_500m"; size:"2400x2400"; datatype:"16-bit mteg...
subdataset 3 variable:"PLE_S00m"; size:"2400x24007; datatype:"16-bit integ...
subdataset 4  variable:"ET_QC_500m"; size:"2400x 2400 datatype:"8-bit uns. ..

D Add as & RGS layer

[[]Do not ask again E Cancel

<a¥ 7-9> E A79A MODIS 9% t&=2= 2 AHg
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F3 MODIS 9aws =338l7] 9alA= LAADS DAAC AolE
O}L Data Scripts APIE &83o] MODIS A4S 318 4 = A~
g 5o &8-3 4 g

Tools &
Services

[ —— |
Data Access
Tools

Manipulation
Tools

I
| I |

GUI-based Direct Access Web Services |

Data Seripts

| |
Open In-hotse APls
Standards

GC ‘ OPeNDAP W10N

<Y 7-10> MODIS ¥+ 2= 23 HE

T84 i, NASAS MODIS MRT Zz2Ia#8 o]&sle] 13}
g AAS FAATE. AAE #FE Fhe] dolE ] o]k
al el R A1Es 2A = AAHS A

B APl dezEn MODIS 4ol AAE 98] dwe Ax
o
A
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(a) I A8 A g% (b) 94 A= F 9%
<a¥g 7-11> MODIS 94 AAE A-F 94

4

TolA FHE GAL Landsat? & 8, Sentinel-2 %

A AA A7 Gl st Y-S FHEAT R
= %]

(Test-bed) A9l FHIGE o2t ¥

o

7}. Landsat
Landsat2 &S A&st AFE A &aA #EsH7] 9 o
w2} USGS$ NASAZF ¥&5o =z 7|ekst g gdlo|t), Landsat X271

e AXNE ST A e dES A%AN 75H PR ORA,

L

7S
- 1
YA
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19724 Landsat 1 91478 A2 vt Landsat 478 Al #tsto] 24 914
o

e 0E 2MEY 2 A AZE Agste]l AEWS 259 & WY 30m

AER BYFL

o] ZéMol Landsat 4, 5, 7, 8% Ba 2 WA USGS 715 A=
b zgEel AHUTh o7l AA £ % 35del 2A 4007 %
olde mi AWS BT HolE £FH ] Yu}

- Landsat 7 : 1999 ~ & A

- Landsat 8 : 2013 ~ & A

Landsat Hlo|EE T2 Ags & 7|3ty o5
A AlTE FEE telHE Qs AT #E tlo]ly o 7
Landsat dle|lH+= ¢, A& 44dg A
Wl FAHoAN AT A5 T E
v WS Ad HFox AFeA &8HTh

.
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(¥ 7-2) Landsat 7 & 8 IR 49d &3 €3

4 29 @R
A8 9% H 1
LR 44
02.13, 01.28, 04.02
2019 02.13, 03.01
12.27, 10.24, 09.22
2018 06.02, 03.14, 06.02
Landsat—7 07.20, 02.26, 04.15 284
09.03, 12.08, 10.21
2017 05.14, 04.28, 06.15
05.14, 06.15
04.25, 03.24, 05.11
2016 02.21
2019 02.21, 02.05, 06.13
05.09, 11.17, 11.01
2018 02.02, 03.06, 03.22
Landsat-8 12.19 2341
06.23, 03.19, 03.03
2017 11.14, 02.15, 01.14
09.24, 05.19, 12.29
2016 04.01

L}, Sentinel-2
Sentinel-2+= FHAY JAAA3 9 o I AHEUF2
Zeade] duE FHFT719 AA Skl 7H il l:r 78 9]
A ZFolvh. B 7HA Sentinel 91FE FAE A
2030Lﬂ77}7<] SafA w4, Y, Y] ASS ?‘ﬂ%@}% 7}”
#= zZZagPdolgta 3 4 9}l Sentinel-2 9

GF sMER oA AY ASe A AT G4, 2 4, 4
il

A

il 03: H:1 2

[ru

L

4,11

>~

|
A

22
o
o2
N
o B
il
N
i
AC)
ofo
k1
K3
o,
ox
X
ro
o s
[‘E oX,
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g AT U A8 5+ dom AR 445 EF] A% A4, WE
ok ok A9e BASE HE ST F Ak F4 L A BE
we AR ouAE AUAE AY ¥ ARFY FE BF| A
+ ek

Sentinel-2 AF= 2719 #& oz FAATH2015E 69 23Y
AbE Sentinel-2A ¢} 20173 ¥AF o A2l Sentinel-2B). F+ $Ado] &
dALE A 5dve) A5 e 2 A HS ANEsA do 4 9442 o

]

o (L2

< 2HEY FAMSDE "GAstaL o] 7hA[3dat 2 el Alol o] 1371
el AA Yu7E 290kmell Eate AlokE gEsta A9 10m 33t
=R A oJu A5 AT
Sentinel-2 Bands Central Wavelength {um) ' Resolution {mj}
Band 1 - Coastal aerosol 0.443 60
Band 2 - Blue 0.490 |10
Band 3 - Green 0.560 . 10
Band 4 - Red . 0.665 . 10
. Band 5 - Vegelation Red Edge ! 0.705 . 20
Band & - Vegelation Red Edge | 0.740 . 20
Band 7 - Vegetation Red Edge  0.783 . 20
Band & - NIR 0.542 . 10
Band 34 - Vegelation Red Edge . 0.865 . 20
Band 9 - \Waler vapour . 0.945 . G0
Band 10 - SWIR - Cimus 175 60
Band 11- SWIR 1610 20
Band 12 - 3WIR ! 21490 . 20

<9 7-12> Sentinel-2 W=
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(¥ 7-3) Sentinel-2 A IR &4 83

% 29 24
AR 9% H] 2
vz 44

0403, 0113, 0503

2019 0408

0113, 0217, 0222
0202, 0314, 0528
0523, 0418, 0602
0717, 0727, 0301
0806, 0905, 1025
1104, 1020, 0910
0925, 1209, 1114
1219

1030, 0831, 0811
0503, 0413, 0304
0212, 0202, 0103
1114, 1104, 0925
0806, 0720, 0610
2016 0518, 0411, 0312
0309, 02038

2018

Sentinel-2 4641

2017

t}. MODIS
MODIS+ Moderate Resolution Imaging Spectroradiometer®] <F
Az T3 AR on A AHAER] BAMAS vt
MODIS+= 1999 12€] #ALe v]=re] TERRA 917l ®Ald AAM=
A 36709 Ad 3 = 250m, 500m, lkmE 7F{Ith MODISE &3 2
FAES AT g 25 g 1o A SAGS 4S5 I
HAT 7 e 2=A 98-S v 2 ¢
MODIS= w4l 7] & 3dE& T3 SSTE FA4shA |k e
= 12nte]l2E 94 11utol & sptie]l A o)doiAE 54, v
WA 7o dFS 1# e SSTE AASA Heu duAge 45
F717F MR el 7] Wit ole] S HiAlsy] f1s) MODIS
=
A

o
L

35 ~ 4vtolZLE Abole] sHgw ZA @k A MODISE oldel 414
of Wl H7le AEE d% 2 sepd 4 Qon olzle] SSTE utl

ﬂl\



MODIS @72 74 g ¥ &%, Y AHEHAE, s &9
AR 7o 55, AT AE FELE 1 W5 A, 59 54
2Eret 5 v ®¥d 545 2 vt

MODIS 742 2000678 2018 =744 45 44 G 782488 A4
skal =3 ekt

(& 7-4) MODIS 9148 9% 3 8%
3% 29 @R
A9 H) 3
4= FEHE
1,9 17, 25, 33
41, 49, 57, 65, 73
81, 89, 97, 105, 113
121, 129, 137, 145, 153
MODIS 2001 ~ 2018 161, 169, 185, 193, 201 78241
4W 4%
209, 217, 225, 233, 241
249, 257, 265, 273, 281
289, 297, 305, 313, 321
329, 337, 345, 353, 361
A2d AR IEAE EF3
1. 3% 2 9 BF3)
7h HAEA ET
D vl #3327
A Tl A AbEstaL e FEWH 2 HEA= TM 79
I HUAAHAFAE AR vt o] HFAE NS FIAH(ET,
S, AR, T3 43S VIR SAAE, S, FAAR 2 7R
= AA s ofe] Tokel AFEE L 9o olgd FdW I HEAE Fol

A& AA A RE AR E o] 2 Zlo] Tt

gy 2 ATAE Nt e J3e dAE fdew st Ao A
Foll= d=s st HABARE Fdske G AFATE AREEH o oF gt
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©6,378,137.13700 m
11/ 298257222101

&8 We

B o o W M

3
o)
=

Lls
3

Dz

)

= m ©ON O m,
T w5

 _ o Lt
A

i

GRS1980(ITFR2000) 3] < E}

o) T

7 124° T 126°
73 126° T 128°
73 128° T 130°
&7 130° T 132°

™
1.0000
1.0000
1.0000
1.0000

Korea 2000 #lo]®(KGD2002 tlo]¥)

X(N) 600,000m
Y(E) 200,000m
X(N) 600,000m
Y(E) 200,000m
X(N) 600,000m
Y(E) 200,000m
X(N) 600,000m
Y(E) 200,000m
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944 dolE E: FAR dolHY 4% FPUAEE ARAS A
gt e BAASL A48T S fons AT v APoR A
sof g}

2) UTM #3xA)
oAl AMEE MODIS 94 2 71eF 4942 A AAE
VEo R StEE wadA W AAE tdeR AMEEa e UTM #at
74]_% /\]_Q_—g—]__,—_y o]

UTM F92 TM 93 o] AlAlolA ®Wol AHE¥= F9
vt eFA %0 & UTM Fodolet sl zh=e] 54 st
AR&SRaL itk dRbA o' UTMeol#t st AAE st Sd€
FAEH7] Qe HHom 232k AA g drlel m&T FX| o
2bEl ZS dei) o] HHuAE 1% 80°SHE 84°N7EA ] HAS A
% 60719 #HE AAHE o] FRAZEe UTM 3%

t

=}

>

ot
% e

FAx Ao e Hx 180°W~174°W 1-7HS 1H oz o] FA
Wako 2 608 f0EE JlYa gEROTZE ALE JVFoR 9r &4
How 7tz 1055 & A AAES 60 x 209 AREES FAse 47
IF HSE Fojstdnt ork 52l b Tk 5T 2o vl
A9 #FE Aqdle A% 8 il 9% 12° 1HA S o] Hx Ao
= 3Fith

gk o] A9 Fdl 51(120°E ~ 126°E) ¥ 52(126°E ~ 132°E), #df
S(32°N ~ 40°N)¢} T(40°N ~ 48°N)ell £et= = 51S, 51T, 525, 52T¢] 4
THeE et Y. UTM Fgol o3t gazdzzis #3xe 550)
#2715 ¥st7] flste], A RE) = 500,000 ms 7HibskaL, 2 E(N)
= AR A RE 10,000,000 mE 7HAFEECH
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(X 7-7) $84vg UTM =¥ ALEHE @

KAy A FEE
E}1 A WGS84(GRS80) Spheroid Name
=3 As 0.9996 Scale factor
9= 94 - Latitude of origin of projection

e 94 123, 129(A1 & A}-4) Longitude of origin of projection
AR A 500000.000 m False easting
GEWE A Om False northing

<9 7-14> U UTM 94 +9
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#F3A ZF3E e Hx2UE 3 AAo] dasi A%
dgkolgt shube] Al yEhd oW Ho| AXE te HEAZ e
We AS Zohe Aoz 3 AxAdAN Vel s v HxA AT
Zle R eaR Weshes e 2ok, AR Hugs oW AlAE
O REE v AlAde) AR WSk Zlolth

B AT E Ax dd#AFZAA] UTM-K #3EAE  AHE8fo]
MODIS #1497l UTM #ARZAAE shte] 484 Sl AxAA=Z
333

<a¥ 7-15> #E EF3

A2 A A

UTM52 <
UTM-K #iEA= Wkl A

o=
obels} gl
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4) GRS80 E} A
B @ & FHoE AAstel AE dAS A
shvl, Rulg mepol MA AT Y e AABAAZ ATEAA
Bu et ATBQAE AT R, BUA, WY, B2FY 44F
2k

G.ree %
M
... Merie,, 5

<29 7-16> GRS80 F¥7 % HHE

GRS80(Geodetic  Reference  System  1980)2  IAGf(international
Association of Geodesy) % IUGG(International union of Geodesy and
Geophysics)7F 1979 A &3k gl o]l GRS67S /NA3 Ao = A
A A o2 FAH A FEFLA o]

o] gfdAlol = A& 7|t B =Yg E F
n=2 7aetA Q] ARNtd aek WAHE 91 2709 V]S

Qste] EATG .
& o) A7 AR

7y &= gl Ao A4 Q1Y AFE FIhete] 9] AFE ARSSaL A
oY ATE dee vleehA el gl Aol FAkeA e EEl A AlA
T TSt AFEIAN S SxAdEo RN HFS o A



Fe ATEAY QA 1 wEe ATAAZe] FAH A o).

(¥ 7-8) GRS80 #F%it73 ¥ ¥R E

191 7] GRS80
27 6,378,137.0m
e 1/298.257222101

5 UTM-K # %4
UTM-K FHIAE VEFDAHARTESFHAEELST A A
2013-193%)'¢ A Ho] vk UTM-KE $duetE v AZAA=
#s7] 93 Aow gUAE GRSS0 BHAAR s 7lFAE UTM
FEAZ et Jom, TM FIdHS Abgste] st ool xgd

AE= 3 Qr}.

A=

FAdHe A5 127° 30" & AR st 9% 38°¢ v
AE FI94ddez st dd FAF(IAEZA N=2000000m, E-=
1,000,000mz 28F HAE ETro AR dx »E F3Her}

(% 7-9) UTM-K #EA4 H38 A

Eh A GRS80
dH=HA 0.9996

—m
of
rio,
ml

AE 127°30 7, &= 38°

N
el
ox
e
jak:)

N =2,000,000m, E =1,000,000m
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<adg 7-17> $g4Y8 UTM-K 54 +9
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2 EFEs)
1) MODIS HDF5 >
HDF5(Hierarchical Data Format version 5)& t-&% HolH=
Agetzl 91 Y xdlolry. 1987 National Center  for
Supercomputing Applications(NCSA)o| A t&= E3 dolgHE A% s
7l 918 =72 dEo FE &= o|uA| dolEy ], Ayt
5o &3 U2 AALgor o|tlrl NASAS Earth Observing
System(EOS)9] A% o= &5 Qlt)
hdf5+ o573 22 545 7Hth

- ZYZ =Yooy RE A AHo AL 7S

- Z¥Y Fd(flat file) )

- EFe 5 dHoly A e

- AZSA Eget W 2=7]vH(schema)

- gAAs WE =4

- A BA H, out-of-core A == QFE

hdf5= o2 dlolgulo]x Al xea 2] dolgHols we] AL

[E=

(DBMS: database management system)< ]%"3}11 &y Y 3d(flat
file) X3} olBege] YFHE AFstes AT
(embedded database)&}il & 4= Ut}

ek 7] 2-3-9]7](save-and-read-only) FEfS Alg wWAS Ex=
MNEE A7) wZol] oy dFE A5 BAlsts AHE & 3
=

hdfs5 3¢ Fx2E& AYHYHE hdfs Y2 FY A|="3 FAS E
(tree) 25 o] Fa Ut} 714 AQeE= 7/ gt EAYE FAHE F
Efroot) ==7F EA8tp] FE =) obg2 25 (Group)ol ez A%
tolE A E(Dataset)2t= AA 7 Yt 185 & B4 A 183 do]
H AES 7 & Atk

U

=

2) GeoTIFF ¥~
GeoTIFF+= Aldus-AdobeA}oll A1 A 2ék  Tagged-Image File
Format(TIFF)el #]2] %% dlo]¥ (georeference or geocoded)E A}-&3}7]
A H1EES Hobete] Aojst G ot AYAHRE Edste
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Adely 2WE oy F/F7F doy GeoTIFFE FAlste A& Al &
ofol| 5] &go] 7HF Eite}7| ol %‘?ﬂ]i GeoTIFF  Working
Group?] x5S Ay B, ESRI, Intergraph, ERDAS, Mapinfo,
SoftDesk, SPOT Image Corp 5< dlif®E G #&d JAEo] dF&
Folstar At olgs g GIS AXZEY Y] AEe] A FHost= A
2 GeoTIFF7} TIFFe] 45 W& 3 GeoTIFF9 Geo7} €mlshi= A
YHAFAE} A ARSI 2k Q17 wEelth

GeoTIFF] 712 1992 GeoTIFF /e 918 x3o] 7jH ¥,
1995 39 Working Groupe] Z7d=o] 19954 69 %9 Hg ¥ (¥
A 0.9 grefel EEHIJT olF W 0.27F w1999 94
GeoTIFF 7841 WA 1.0 o] HxHIAT A9 AFdo=ms= vid 784 B
e Wxstela stdov dA de8 wjE
1.00] .

g
il
rlr
=z
P
rlo
o
2
Z
2

1 A& 54

GeoTIFF X292 TIFF WA 6.0° 7S F#53t2=2 TIFF X
el AHE AR Zeva = 5 vk TIFF 292 @4 ta9] GIS
o8& LZE AL A dstal glon, QA%OJ Hd%@zi gggo
=24 <t 2t

2k
(private tag) T+Z=
AE BFY H(tiling) 7153 J4

GeoTIFF= 670 GeoTag® A H Aok F8 td A5 489
4 dHeoldH, 2dE F3AR, 29idE A%, DEM(Digital Elevation
Model) 3 A2l BHIEA ] As Folu, o3t FAlole e FHxA 7
b Ty 22 ZRE Uer] 98 GeoTagZb F7Hd Aot
GeoTIFF+= 719 USGSe SDTS¢ FGDC(Federal Geographic Data
Committee)2] WElHolH ®F¥ 22 THEFEWS trlst= o] of
Yo dibxio g de] dexd gdadels o] 3 FEA2Hd A g
#FE FAYE 540w g

GeoTIFF+= Wddk 3 A4 A KX (geographically projected coordinate
system)E FESHAAME AL F9o ¥& TIFF B S ol &gttt
GeoTIFF7}F A ¥sle= WAl F9¥HS UTM, US State Plane,

rlo

_1>~1

r 1
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42l F<<l TM(Transverse Mercator), Lambert

E T AUtk GeoTIFF WA Aojgh olejgt F4
AHE AFEA Fe] dEo|ut [FD(Image File Directory) 22 TIFF &
o ARE wrl= A WAS Fa AFEHL, TIFFO %

o]
EiFRE Elme Aw 94 £9 AxEgolAE Hu Fdol s

GeoTIFF= 4 7He] "2 ARE 670 Bz #estr] sk
"Meta-tag”(GeoKey)E AF&3ti=dl], o]t B9 Al&o2 54 A|2H)
o FT&5HA g+ TIFFY Fd& AE o Atk GeoTIFFo Al AL-&5 &=
Bl 1+ TIFFS] ® 19} ?LZ 9 qtef Apglo] 71¢] 2t}

GeoTIFF+= Z2A4d 0] F57, FHEA 24, 7|FA(datum), EHLA 55
Fde7] s aFe ‘ﬂixﬂﬁle zka Qlvh. oledt WS A A (ZE A
A 71EA4, BY9A WH3)E POSC(Petrotechnical Open  Software
Corporation) ol A 3 2}k

EPSG(European Petroleum Survey Group) =9 7\1 A8k A, F7F
g A F9, 7IA, BhA g FrF wHs gosial
GeoTIFFe] Alg¢d AHARELS v=re] FGDCY NSDI(Nat1onal Spat1a1
Data Infrastructure)2] Hlo]E %52 s34dS FXA8=SE A AT

GeoTIFF+= v st FJAxAAE AYste F71E + de Fx2=2
Hojde], FHAQ FIAFHRE AYT = Ao 2y 520 FHiE
AR AL EAA wiEo] U GeoTIFFSF 28 FEa7oke] A9 o
e AR BAR ol d Al FAARY AMES AFEHA &=
=3

2) A==
GeoTIFF 3¢ dF<9 TIFF version 6.0 3tdolt}. = TIFF
Bde] 725 wEr, F&EL Stoll 6719 BlrF Hrkd Aotk ol
= ARE Uetli7] el 7HdA ] TIFF Tag® & 5 3

=
S e Ay
= GeoKeyE AME

stt}, 2822 GeoKey+= TIFF Tagel 3% Tag<l
Aot} <18 7-18><

GeoTIFF A &322 et}
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GeoKey GeoDouble
Directory Tag > ParamsTad Double Values
Tag 34735 Tag 34736 Value 0
Type SHORT Type DOUBLE Value 1
N Variables(>4) ND = Variable
offset offset Value ND -1
v
Geokeys —> GeaAsdl Ascil Values
Paramslag
= KeyDir.Version Tag 34737 i Value 0
m . .
= Key Revision Type ASCII Value 1
: Minor Revision ND Variable | | [
=
Number of Keys offset Value ND -1
Reyin On data type
TIFF Tag Location 1
Count
Value_Offset

<Y 7-18> GeoTIFF A&ET%

(3) GeoTIFF 33}
GeoTIFF A® %+ OGC(Open Geospatial Consortium) ¥
of o]ght}.

KOPSS9] ¢ Mu]~+= OGCY #+<2 Web Map Service(WMS), Web
Feature Service(WFS), Web Coverage Service(WCS), Web Processing
Service(WPS) IH#Fo|~E Fste] F3d3E AMH|2E dstm, ZF AH
29l AP WAL dA HAR010d 1€9)S 7Tz 3ty A9 HAads
AR o2 Ager) wpepa] 2 Aol A GeoTIFF dHlolE 2tm EW

Fo WCSe =4 Abate] ola) 714 Hge max Ewlolgtn d 4

X9 fH

oy
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(% 7-10) 943 =4 #+3

78 0CG 9 A " 2
GeoTIFF - WCS @4, WPS
GEZirgaf;gye (I\Gﬁﬁgm 3.1/3.2 WFS, WPS
e || s
pusweate |
om B || s
JPEG2000 - WCS A8, WPS A
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d kel ol ¥ =+ 3}

7} vlEldl o]l H A 9
18 ~0] “metamorphosis”’ ¢} o] Y-S ol wlElH o] E &= “H)
et ARE

olefell g wlolE” = ElolEe] ARE Judle oz doly
Male]  Zv wsle 5Fg 7]Edvh dEdolEHEe gox
WWW (World Wide Web)e] widsto] e} e L&A Hdrth e
AR Foke] A4, Axe WeE wedole e & gdow Axe &%
AR A= %J&_b—;} Ame] fd, AL 23 JI=, 304 3z 5
& Egsta gk ol @ e AF3t dolHE VFAAY B
A5 AHgshe dukAgl %o&g} §o15< vehith vEtdolHE A
o sk

1(What, Who, Where, Why, When, and

_IN'

f
>
>
Oﬁo
>
mﬂ

= A Alssta Ut

el
= R
= wlebeolE = ojm AMM g AR = AEAT Q8 A
AAFI A5 5 QES 2oFE gleletn ¥ & A

L vigtdolE s

= e = S FFEo2E ISOI9UIS(HAEE),

KSXISO19115(= 7)ol o, GAE=(TTA)SE= FE55s vE

dleld  FE(TTASKO-10.0139)¥  #&8&  wEdold  %&
(TTAS.IS-19115)°] <l

2 AgE 2 Ag3e BHow 3
- AeAR B ey 4o FARASA] BEH F
DAR HEN BHE A FES D Bels B veolE e
g wEe Aoz BnAne] FEA AN, B, fE

W ogge] A BHow T
ol olw] QFa vhel gol, FE & wEHolHE ue H&Ha
FES AAFS BHOR s, wel§ Aol FHPR BEH
QA B, FE D B ANG BAU weba, Bl g vl



B <19 7195 el 5 LA H we AR A7
g,

f
ko
i

=9 D{EC|0]Ef 2F(TTA)

A2l gE5=9| 44y
ref0f chet A&

Ze2|E OEtH|0lE

5019115 e HEHH0|H
=2| HEHHIOE

=Li OlEtE0lH

2ef2 HEt olE

JhH 2 24
NEHIZ 24

<a¥ 7-19> #Y &R 5 viEdHolH ¥

ot mlEtEl oY &= 24
MEtdolH = A fe&d BdeR ?%ﬂ T %OU% <19l
HEtel o]y TG ofn] A %
TEde XA vEdelygs Ad B A %éj A A 7} 1E
Ao St vEHHl ol E A" S fs) 27 F «1 ]EPEﬂ o] H ¢
wekd (£ 7-1D)3% 2o 758 ﬂﬂﬁ}ﬂ]olﬂ% & e A
o

to ;yo
1
-

ZF

7}
AL 7HA
B
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(X 7-11) "igttlolg HA(FTF vs #FE)

A A4 e TEF
1 metdol g A A AR 0 0
2 AEAH 0 O
3 Hlolg #2441 0O 0
4 7N E=AA R 0O 0
5 W A W @) o)
6 HAA R 0 0
7 Fazg g AdEda AR O o
8 WEAHE 0
9 SR G R 0
10 A g H 0
11 B3 g2 AH o)

12 A FA H 0
13 HEtelol e AR @

14 S827v AR 0

@ wWetgolE A A AR AA A ARE= A MD_HWE ol E =
TAEH, wEetdolEe] AA e RS Heosrl AR o
OEEAAR. VFEA AR, WYAR UL AR FNRIAAR H
A AR, 53 e AR, AGAgR veidoly FAAR, o
G27|nk ARE LI,

@ AEAR : golE AEE 184 AdEE AR 5
Rz, 2ok 24 A8, Aot A Agd hd Yuoln B

18 9 (MD_Format)

- dlo]8 7§ =(MD_BrowseGraphic)
Jo]Ef 2] g &kst 8% (MD_Usage)

- AR & Al k7 (MD_Constraints)
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- GAARE dgstE A4 o (MD_Keywords)

- dojy A4l F7] B2 B el ik HE
(MD_Maintenancelnformation)

- FAARE dyste= T4 o (MD_Aggregatelnformation)

@ dHolH FAAKE @ Holy AES FHo tigh dubAel FAHRE

2]

x FFARE F5&=d Fodk AuatedEa} b E et
AdE ARE TG glon Aearske]

® HY AR Fxste ANAY A - FHH HE YER = dERd o]

H 2459 Aoz doly F&¥(Data Type) EE 7Fxt)h WE

H
diol & 7HA] A3t o] wietelo]g o] Rl thet RS EFHe
245 3 AdHETA AR I ARE ofyet A
= Ao FehE WS Aty dolH # % (Data

Type) AEE 7k} wetdlol® 7Rl At 2ol wEtdolE 9] A

HAYSZ dde G5

W fAE A welHE AAske Welsh Folol ug Aw
D B AgRT Y ASE B3 AYRIE HJuss JRE o

i glom e,
@ Akgn : HolE R At B gu

B viedels F4AN : AT FASS Ho] UF Aw

8 2710 A dolE MES wEbd AgH 8 27

et ARE T 9o HAYAre

ek 91747 viEgtulolE 72 AA W
1) KSXISO19115 =7FEE5 7|Hte = A7

- 276 -



Fel =7k GIS '8 wlEtdlelH ] &
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R
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Ak
E
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JFE AR v el o]

=7k 5 vlEE ol
1) wEeteoly ZAAA HE
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O MD_Metadata :



- wlefulolE 3t A 2 (fileldentifier) : wlERHI O] ¥ Fdel] dig

- WEgtd ol g <doj(language) : FIEFH oS 7|23l ALgE <o

- wEtdlolH ARl (characterSet) @ "W EREo]E A Eof] AF-8-% ISO
A 7Y EF(C-ISO10646-27F AFE= A L sy WAoo A
o)A 2okS Ae AHE) dAl ¢ eucKR, UTEF8 &

- vetdlolE % -& 7= (hierarchyLevel) : WElHl o] B 7} 285 =

- vetdlol 8 A& A5 (hierarchyLevelName) : WEFH o] € 2] 7]
o] H= AT die] A A

- vletdo]ly A2 R (contact) : HIEFHO]E o W&o uig IS
A3 Y= FEA e V)] AR

- "Etdlo]E] A/ YA (dateStamp) : W EFE ] EI7F FE5E L AHM)

- vlEldlo]lE] ¥+ (metadataStandardName) : VIEFHOJE] FFHA] 7]
o] & vEdoely ¥+ WA

- e ol %W (metadataStandardVersion) : WEH O]H 3
Al 710l = vEHelH o EF WA

S

el z- A 2 A gels niger JFgne HgE A
Hoolef ] (3 7-12)9F Zoh. KSXISO19115001 4 A3 3f
G FARR AP FHozA o], EAA, AR, 4
g7 WAL ®ieto] Ak Aol B F
3 9t es o f/20 §5g 5=

rr

o
N
fo
o,
i
o)
O~
f
rlo
z T
n o
>~
EO hul
w1k

- 278 -



(& 7-12) Wigtdolg AA A BRTA

A A K| A H

o,
—n
~
PN
i}

1o,
—d

>
>
oo

vl e} o] ¥

Zl2l2|l2lolojlaojlalo

Ol O |0 |0

(& 7-13) "WEtd oy AL FR AHE A

AR

iy
=
>
=
™

o1} gl
A UTF-8

o

4%

wEFE o] ¥ 7) A Al AR RS ESS !

AR A Q) 2} 2019. 11. 13

EEE: Fgu Werdols 7

R | Verl.0

2) 71A BE

@ MD_7]# A (MD_ReferenceSystem) : ®Ho]E A Eo] H&¥ A7tz
T V1A B R

- 71EANE A sID) - V=AY 93

@ MD_#FHiEFZAA(RS_CRS) : dHolg AEC ALgH A& FxA

2dlo] w3k 7le
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- F 9 (projection) : AF-&¥ Fgo] 2

- EF Al (ellipsoid) @ AF&-¥ EFLAS] 2~

- &Aool &l (datum) : AHEH FHdoldl

- 715U # (referenceOrigin) : AF&¥ 7|=9H 9 24

@ MD_te} A 3t 2ku] ] (MD_EllipsoidParameters)

- A7 (semiMajorAxis) : EF A o] H =0 w7

- A =] & F 2 (denominatorOfFlatteningRatio) @ A =% 3} =1HHA
o] Zfo] Hl &9 FE(C-3|HetdA7} obd A -F)

@ RS_2 ¥ 2HRS_Identifier) : Al 2wl A% 21 &2}

- A I E(code) 1 BH el AAE A= A EAHES] #

ol
-

VNEARR FAae oo (G 7-14)9 2ol 479 F o] 97 3
9 AMAR FAE Ak AR AFS VFEA AR FHoRA F
o, BHAl, NEdA, A m=e] e Y AAR AT

(X 7-14) "iEtdoly 71EA BETA

AR A A gF/zA
ofF/27 A
71 A
71 A E A C
/22 AHE
9 0 M
FEFEAA ER A ® M
TR ol 0
719 ® 0
o /221 AHE
Eb A w7 Rl 0
HAYE e 22 C
o F/Z71 A
2 E
AYaE 0 M
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Ag A Bhedl (E 7155 2eh BE 3% weA dUsEs
o %/xA FHe WrE AAs

A A 7H A Z ]
59 UTM-K
AEZzA ER A GRS80
71=dA gddd
A 7} AgIe UTM-K 37
3) AEAR

B Fdas Aoy o RAGe deld HME AR, Fi

=

[} =
oput, Aghd, A4 EU, AAER 5 R ot )%

O MD_2¥ (MD_Identification) : AR E Adst=d 283 7]
el G

L=,

1A} Z (citation) : WEFHOJEH 2 FdAH FAAH R o3t a1 A

#
H
- 899 (abstract) © WEROIE /L EAdT Qi FAHRe) WE
of W reke 4w

&

- AR A2 (pointOfContact) : Hl°o)E AES #AHxH 7)o}
MelS gl ARE wEshr] 93 o

@ MD_tl o] ] 2 ¥ (MD_Dataldentification) : H]o]E AMEE 2¥3&l=1)
)

3 W] (spatialRepresentationType) : E|o]E AN Eo|A] GAA
| 98l AEE WA

A% (spatialResolution) : Ho]E A Ed] dAdolE e HEo
dutbx ol ol E AlFst= AR}

o] (language) @ G AR Yo AFEH o
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- Al (characterSet) @ G Bl A8 EAZHET

B H(topicCategory) : AR HolE AME

B FAEF

(extent) : @AdlolH AES AA Zg, F4 B AT W

sl RoHHe W Aw

2

e

N g o 4y %
:(:)L_‘,

- A8 4 7Al(geographicBox) : 3 dHo|El7} o] & 71538k HAve A
W A

- Al 2] A " (geographicDescription) : /g HolE7} o]& 7}53d A|g
9 7=

- A A H (searchInformation) : F3FHE HAAst=d Zask dnt
Al AH

@ DT_#A& F%(DT_DataStructure) : Hlo]g HE<] 25 1%
- HlolE A 32 ZF(dataProviderstyle) : GAAR A 7| o] 3

Arol HZatr] e AHEE HolHA T T
- F A" (themeName) @ GAAR AFT7|H] HAHE B3t 9
tlo] g Ho] 2 o] & (M)
- ool (layerName) : G4 A R A7) 32 dlo]Ewo] 2o A=
] =

EjHlo] & Hol & o] F

rr

oo
- 947 Z(filepath) : GAdolE Hde] Az L o]F
@ DT_#&A4E : AR F55 A% F7F A0 &=
3>
[¢]

Se 7 AR D AAY AE wgow gPAuel AEE AEgn
gue Adatd oidsh 2ok ARTE 44 34 AR FEAL A
Aol BE AL FARFNE LIHA e FRoE FEE HFOR
el BEHE FAET FHolth FAHRY AP FHow
A oge ARTE W FEAR FAsE MEA THSL, e 2opu,
GAAR AZA, LA A, A
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(& 7-16) Wigtdolg AEAR ALE A

oR
o]
i s
N 3
‘,Lr._ [~
= Rt =
X | B | o m._m h o | B ,_,UW_M 3 m < 2
e LR I R P B ol 28| 5|8
= = .Eo ‘,l ~ — o B nh 35 _,% =
o | o = |2 = S l=l2| 2 B ¥ al.
=T = |z slelw || S|2|F|B|R|g|E %
| 4 dlsS | EE i = R
T ) = | | & | 5 NS A
N ~ ° - /T = m - %
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w = i S id
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4) HH‘iXéE
B o Zgas gAA RO b E
AR Z Ao F) HH_‘?_XQELE t] o] E]

vl BEE ARE AFd)

h84

sl Wed FEowA MDY
g5atn Bad Agdss i

|

}_,

|

}_‘,

@ MD_t] A ¥ H %34 (MD_Digital TransferOptions) : 8] £t 2 F-€ ¢
ol MEc] g55= 7&=A Wi wiA

- W Z 9] (unitOfDistribution) : GG K] o] & 7M53 T
golo], Agdd 5

- A% A7|(transferSize) : ¥7FulolER FAH Al AF E o)A
0

9o 2AE AV 2A AE A= 01y A

- 2 <l(onLine) @ YB/ARE 5T F dv 29 UA A=
e AR

- 2xEl(offLine) @ EABEE F5T F U 2zl AAX AR
of

@ MD_u| X 2H(MD_Distributor) : 83X X}el] thst g H

— 8 221 g (distributorContact) : 93 HRE w2 sl= FFAHM)

@ MD_:x¥Wld®(MD_Format) : #3=, 34, wAA, AF=T HAF
Aol A deolEe A S F3 & %Hﬂ%}—t— A o] 729 Ve

- X9 H(name) : YAFR7} AFH= 9] FHM)

- X9 WA (version) : W3 EZwWe] WA (M)

- X9 Al (specification) : BIE2] HERE Zaad ArE AL
84

- 9 t=4) A 7] < (fileDecompression Technique) A=) A 7] & o]
AE&E = dAARE AAY SFs=d 482 F de duds
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5 "ol FHAHE
 ZHas doly Ao FAo] g dvbAl U EEA
MD_H| 1Ei%él?<éld_ Aolatar vk A HTkel A -5t
ARFEE] doly #4274 VAN A v R

= g AT
wahe Agelth azle EAd W@ A%, 49H A7k 484 B
SO Be AAste d oege] e Aow WErE e, GAbE okl
At BF ool Bt 7449 A7E ol Wad AnE £EFY Aot

O DQ_d"l°o]H % (DQ_DataQuality) : dlolE EZ 2 &tiido] os] A
=] Oﬂ/\hﬂ] ]H,] J—;ﬂ H

- dlo]HEFE A& (scope) @ FdHOlE FAARIF HEH= A
el dlolH

@ LI 98 (L1 Lineage) : ool tla @1 o] BEo|L} Welo] ofs) A
AE dolHE wre=t AFEE o|HEL YA At ek AR

- A<= (statement) : HolH A ES] o]Ho] g FAdoly ik}
o] A F A

@ DQ_84(DQ_Element) : HloJEF2 Helel o AAd o]y
AEHe HEE #§9

- dolHEFAZH A I (result) : FAdolyH FE =4 4
TAAQ & 7he FA dEd g5 s Hruisk A9

@ DQ_A 3 A #HDQ_conformanceResult) :

- H7}7]FE A (specification) @ AR E HF7HE o 7]Fo] ¥+ A
FHAY 7lE B4 e AR QA

- ZA3d g (explanation) : X3S AEstE HAEE 9 Wyl dish
=R

- B3 o F(pass) : 0=A, 1=57= Ve g4 23

® DQ_A %A A3} (QuantitativeResult)

- A5 FA Ftvalue) @ FEAE HE&ddd HAEE 3
A 52 AREHE H7EAA o8 28| #

® DQ_H 1 (DQ_Scope) @ ®glell ]3] FAld uvleo]EHe] A

rok
o
o

N
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- A& devel) : FEB7F tido] HolE MEZL P‘é‘ B, F44
H7F A&y = Y a5 £, NYR, s S

- A& W9l(extent) : Wl o3 g vlo]El Jg—@, 22
A Aol e AR
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& EPSG:32652 bt .
SERRalt]

o nax

HESHH 1 She HEAE s
UTM-K(EPSG:S179)E HEE[Of SF

SH4E M ﬂ%.E:' Eames gl 270 - 1 Bilinear, 2 Nearest
ocisel HoIME FIE neighbor, 3.Cubic, 4.5pline

<3™ 7-22> 9 @9 HEWE

Q

A REE

| sl

1248 JoRul]

HEN
&2 80 0F

HEoial Sie IEAE HAs
UTM-K(EPSG:517912 €F =0 QU
SEHE 2R - 1 Bilinear, 2Nearest
neighbor, 3.Cubic, 4.5pline

<39 7-23> EHS HFEIWHE
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FEA| EPSG:32652 - WGS 84/ UTM zone 52N - £
a9

29 DIE

2081

=01 70

OOIH 2% Be-HZSCHIEELE
GDALCRHOIH &2 GTiff
GDAL ECHO|H HEFAOIE  GeoTIFF

HOIES 2% D/google/2019/30. T H A2 G
LTD5_L1TP_115036_201104

_L1TP_115036. 201612
LT05_L1TP_115036_20110413_2016121

meg * STATISTICS_APPROXIMATE=YES
* STATISTICS MAXIMUM=255
* STATISTICS MEAN=59.971708455504
« STATISTICS MINIMUM=0
« STATISTICS STDDEV=41.810821636391
* STATISTICS VALID_PERCENT=100
B -1 # AREA_OR_POINT=Point
A 8061 V: 7201 ME: 1
HUE 226485393872+ 06
A3 3030

wkt

wek A dEEA - UTM>
<Y 7-24> REWE AH

T 0|0 LTS & 2R3/

in crs = QgsCoordinateReferenceSystem(wkt)

wkt

out_crs = QgsCoordinateReferenceSystem(wkt}

points iface.activeLayer ()
in features = points.getFeaturss|)

xform = QgsCoordinateTransform(in crs, out crs)
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DEN

=21

(EL ]

=0l

HOIE 78

GDAL ECHOIH &2

GDAL =240l Hl M EHAOIE
HDIE S 2

hya

Lk

'"PROJCS["WGS 84 / UTIM zone 34N",GEQGCS["WGS 84", DATUM["WGS

HsgE

EPSG:S179 - Korea 2000,/ Unified CS - 21

ABEE: 1
1107409.6631262638624758, 1733452.49 120093067 17664
O

B167

7320

Byte- ST 9IS BHIE B4

GTiff

GeoTIFF

CUsers/user/AppData/Locsl Termp/
processing_c16d8aa7at3c41 18aed1af42035ee297/
£5392577621348369906c 70bf38c25c/OUTPUT tif

 STATISTICS_APPROXIMATE=YES
 STATISTICS_ MAXIMUM=252
 STATISTICS_MEAN=57.84418368075
 STATISTICS_MINIMUM=0
 STATISTICS_STDDEY=42.48970201 6803
* STATISTICS_VALID_PERCENT=100
© AREA_OR_POINT=Point.

X BI67Y: TROME: 1

8624601733506

29.99152087483401 364, 29.9915208 7488401364

'GECGCS["WGS 84", DATUM["WGS_1984", SPHERCID["WGS 84", 6378137,298.257223563, AUTHC

1984", SPHEROID["WGS

out_layer = QgsVectorLayer('Point', 'points out', 'memory’)
out_features = [1]
+ gumzws
for feature in in features:
geometry = feature.geometry()
geometry.transform(xform)
feature.setGeometry [geometry)
out_features.append (featurs)
out_layer.dataProvider|().addFeatures (out_features)
for £ in points.getFeatures|():
print f.geometry() .exportToWke ()
for £ in out_layer.getFeatures|():
print f.geometry() .exportToWkt ()
#ejole] HBE7
error = QgsVectorFileWriter.writeAsVectorFormat (out_layer, r'D:Y11202750-002 — risicc
iface.addVectorLayer (r"D:\11202750-002 — risicoanalyse en adaptatie experiment’\Basis*
print 'write file error = ' + str(error)
=
<ag 7-25> FEWHHT L ZE AF
ST ST S =
. dloly XY %53 e 4§
= =0 2% 3L &
A2]¥ MODIS 9749 23 e Ex 2 GeoTIFF &
| e S - o o A Ry =
2 AFHES At GeoTIFF dH= A IA= T & 7H H

CAFEA - UTM-K>

3;5‘_
=l



Ao AREHI o, Fu e HFAEE JHAL Joernw WH
of A Ao tlole7F o glo] AR A &8d F Uth
GeoTIFFwrite 3 A A4S &4 94 55 GeoTIFF 3¢ 3
o2 HAstE 715S T3S GeoTIFF 3 A 55 A3t 98 Ot}
HWrEA A F4 940 R R ALY GeoTIFF A4
of a3t delHId= e ¥ AEMMODIS #A&)9] Holy I=3ks
&}_8}04 Mz A E = GeoTIFF 3ol 1= wt),

_4

H

_4
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from osgeo import gdal
import numpy as np

def hdf_subdataset_extraction(hdf_file, dst_dir, subdataset):

unpack a single subdataset from a HDF5 container and write to
GeoTIFF"""

hdf_ds = gdal.Open(hdf_file, gdal.GA_ReadOnly)
band_ds = gdal.Open(hdf_ds.GetSubDatasets()[subdataset] [0],
gdal.GA_ReadOnly)

band_array = band_ds.ReadAsArray().astype(np.int16)

band_array[band_array == —28672] = —32768
band_path = os.path.join(dst_dir,
os.path.basename(os.path.splitext(hdf_file) [0]) + "—sd" +

str(subdataset+1) + ".tif")

out_ds = gdal.GetDriverByName ('GTiff').Create (band_path,
band_ds.RasterXSize,
band_ds.RasterYSize,

1, #Number  of
bands

gdal.GDT_Int16,

['[COMPRESS=LZW',
'TILED=YES'])

out_ds.SetGeoTransform(band_ds.GetGeoTransform())
out_ds.SetProjection(band_ds.GetProjection())
out_ds.GetRasterBand(1) .WriteArray (band_array)
out_ds.GetRasterBand(1).SetNoDataValue (—32768)

out_ds = None

<39Y 7-26> GeoTIFF ¥4 W3 /i 2§ 44
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12

2E

v [ 38
v ESI_FW_Index_2015065 tif
v ESI_FW_Index_2015073.tif
v ESI_FW_Index_2015081 tif
v ESI_FW_Index_2015089 tif

<a¥Y 7-27> GeoTIFF FEHZ AZE 35U oA

B 2015
A 3
.
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A9 FEAAS BHAL AFAY FI9-FEAA-WEH AN
AesS dAste Aol dirdolr <9 8-1>. AFA FRHAS &
Fale= AL 71Ee] B8t At (Landsat, Kompsat, Rapideye )4 EA
S ks R ES 24 dn <ad 82>
Water
I level \
In-situ observation P
3 4
(15%)
|
High resoluti . -
D1. igh resolution I N E
Multispeactral sensor Vegetation Indices —— Interpretation{digitizing) g
“»{ Medium & Low resolution - i g
- 3
—_—— — Super/Unsupervised
> Frequency: X, C, L Band 1 E Classification

| \
_ | . e ——

Radar Antenna(SAR) = Polariztion: HH, VY, HV, VH L L ~a)
_— 2 B Data Fusion & Hybrid

__________ ’ Classification

_f

N e e—
- Incidence angle

<3¥ 8-2> A FEE 88T AFA AF-F BF A

7ho 28 1 ddS ol 8% R EF A

Bt A AgAol Al A (water body)E BN HAlol A i
2SS 5487 AYEAL (specular reflection)dtAA] HE wl$ o] F& A
A2 Yepd) o] o] A9 g v WEAL (reflectance) 543wl t-oll
<39 8-3>9] AU EXyEE &3 SA4S o8&t tE EAY
23 FAE 9T 7 Uk B 7o) dA"RANE FE AR
I Hold e ARE AFst=d EA vsk A AA I}
= Aol vk WhH) ofxF #Ho] ofHi &, U 5 71 EISE A
Pz wet Qx7F TSt ALY @AY Fdo] "WolA = Tao] Atk
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0.4
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<Y 8-3> EXFEI & EJdd HkA} EA (https://eos.org)
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ol

SORAEE AL

Fob oAl

5

o
T

#=2 (swath)

o] § A4
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1
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o 947t AL 5 Qo] MEAe] Wol
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124 (geometric correction)¥}

713
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Kol
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B9 (filtering)
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) 7134 (atmospheric correction)2] A 2] <}
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3

ol
(o]
O>’

}3FAF (image enhancement) & A9 ZAAE #H3stan FEE
S5, stelB 8= (hybrid)& 5, Z8]a w412y (machine lear
ning) 5 ¢1F A% 7Y % vhsk o g stk 18] a2 NDVI (No
rmalized Difference Vegetation Index)t} NDWI (Normalized Difference
WetneSS/Water Il’ldeX)Q]' 22 AFEx2 BRYstAY ddSFoly Lidar

= s A3Em 9l uHAE
A= dFAIAHE 5 (interpreta

o T = .
tion) o2 FREAE FAE F=T 5+ Uth

= =
T, T

off Y

A NDWIh “*3 ojuvf X Wel 23E T FrHFS UEHE A
2 gy ol&Ha gow, NDWI A+ o, 55 4 5 Fie t
Fow e AFAES A FAE7] 8 FE AMEET
(P4 5, 2016). o E 4 (2016)= Kompsat-2 9oz 243k NDWI
9} 2494 (NIR, near infrared) 94S o]&3te] <F 995%< &7 4%
% (overall accuracy)® FTHHS &7k v At Ogilvie et al. (2018)2
B

OE:]

2

3EW 10ha o]st, A 1WVEE o]at AFA o] AFaF FA A Al
Landsat®d /o= Al4kst MNDWI (Modified Normalized Difference
Wetness/Water Index)S A& o 2H F=xHA EF QFZ 15% o|3}
2 MR Y <2’ 8-4>. Avisse et al. (2017)> Alglole} 22w X
o] AgwF WwkE o]t FAS AFA 5 thdte] Landsat 917449 NDVI
St MNDWIE Abgsto] Agds F4T 23 Ao 15%° 227k A
3l Landsat®th= &3F 2 F7] S E7F =2 Sentinel-2 91449 &-80]
=1 g g s AoE A FEAGPAATY (2016)
At e A% DS 28 7= Y dATelA ke A9 7
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Landeat 5.8 Surface areas Surface area High resclution

im '.99'9 DGFP S contours manitaring hnﬂﬁz_'r
'::fﬁ-mm (7 lakes. 3 dates) (7 lakes, (Gaogle Earth.
i 19962014 Bing)

L |
Radiometric normalization Lake cell definition
|
Atmospheric cormection
{improved DOS method)
|

Topographic comrections
(Minnaert algorithm)
|

Spectral water index seleciion & calibration
(MNDWI > -0.03)

| |
Interference quantification & optimization in lake cell
(Cloudéshadows <40 % SLC-off225 % lake cell)

Colour key ‘L l -L l
RS data : Surf: |
Flooded surface arsa Sjpx ;!:;:;o
Field
instrumentation -L LL

Remote sensing Flooded volumes Vi+X

Outputs f ;
of floods in gauged small reservoirs

<219 8-4> Landsat AAE 979 MNDWIE ¢ &% A+F F4 4y
(Ogilvie et al., 2018)

2. A1E AgA AARH A5+
AT R AR Y98 AFAY EAS 16t
A= G 5 3 Sentinel-25 AFE3F T Sentinel-2 Al
o a7 EE Aol 10m= Landsat 914 G40l vlsf) aLafjat
g E 5Y)E 7FA 2L At Sentinel-2% (2015
SR8 ¥93 EC (European Commission)”} %
AA] 37 kR A Al 2~ ']l (GMES: Global Monitorin
nvironment and Security) 75 AFg e Aoz FH-Fo (ES
Aol A A 52 Sentinel 9144 Foll 294 Alg]=d &g}, =
BYFA T2 2030d7HA AL A4, Y, dy] 5 AE
st 7hd ZEAolw AAAQ A4S ZEaPo R deld vk
3, A MAA R AFHSFol 7HE RHA SR o] & ¥ o]l Landsat?
=9} fAbel G E S ESE AAEHNY] wWie] A58 S A1

71 AAG olm A AEE T3]l §old Aol Unt.

(o o

ol
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(¥ 8-1) Sentinel-2 &3 E4

= = Ao 2 2016\ dH-E 20183 Alole]
WI ZAdof] H a3l B3 = (Green?}t NIR)7}
=+ 10 mo] L

A= 2770 A+

, TR EA

Band Description Wavelength (um) | Resolution (m)
1 Coastal aerosol 0.433 - 0.453 60
2 Blue 0.458 - 0.523 10
3 Green 0.543 - 0.578 10
4 Red 0.650 - 0.680 10
5 Vegetation Red Edge 0.698 - 0.713 20
6 Vegetation Red Edge 0.733 - 0.748 20
7 Vegetation Red Edge 0.773 - 0.793 20
8 NIR 0.785 - 0.900 10
8A Narrow NIR 0.855 - 0.875 20
9 Water vapour 0.935 - 0.955 60
10 SWIR - Cirrus 1.365 - 1.385 60
11 SWIR-1 1.565 - 1.655 20
12 SWIR-2 2.100 - 2.280 20
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2016/02/08 2016/03/09 2016/03/12 2016/04/11
¥ )

2016/07/20

2017/02/02

2017/03/04

2018/05/23 2018/07/17

2018/07/27 2018/08/06 2018/09/10 2018/10/25

<193 8-5> Sentinel-2 (Green & NIR) 94 &8 +3F
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(% 8-2) A1 AsxA A%

Sk R S A e S I i
A 37.0 140.0 4.3 96.0
s 92.6 430.0 20.4 1,072.6
a5 376.8 680.0 475 3,220.2
s 1,193.8 2,590.0 62.4 8,360.0
TE 4.1 32.0 0.8 7.6
th oF 282.5 124.8 40.2 2,086.1
vhg 39.8 114.0 20.0 350.1
LS| 108.8 262.0 31.5 601.0
H) 3 156.5 590.0 20.8 1,221.4
bl 44.0 642.0 7.4 37.0
s 57.7 215.0 155 446.1
Rl 574.1 1,936.0 104.2 3,757.2
sd 88.3 258.0 11.2 220.9
TE 268.8 750.0 50.0 1,286.7

A2 97.9 282.8 48.9 617.9
<3 40.7 104.0 16.3 2294
2725 36.8 138.0 13.0 182.3
2ok 73.8 386.0 124 265.0
ks 189.1 440.0 187 1,8354
&4 33.2 123.0 6.5 357.3
21 1929 1,062.0 43.8 970.0
45 3334 1,129.0 69.1 1,509.0
&= 46.7 74.0 9.0 395.3
A2 44.6 135.0 152 306.6
A3 70.8 127.0 18.5 269.2
27 32.9 38.4 11.1 309.0
il 605.1 1,110.0 70.3 2,622.8
et 771 420.0 10.9 1,038.5
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e
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sttt <19 8-7 ~ 8-34>.

S

AR A 2~" RAWRIS (Rural Agricultural Water Resource Inf

ormation System)el 4 A& 3}
3B> ~ <29 8-62>3
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