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Abstract

In this study, a quantitative assessment was carried out in order to identify the agricultural drought in time and space using the Terra
MODIS remote sensing data for the agricultural drought. The Normalized Difference Vegetation Index (NDVI) and Enhanced
Vegetation Index (EVI) were selected by MOD13A3 image which shows the changes in vegetation conditions. The land cover
classification was made to show only vegetation excluding water and urbanized areas in order to collect the land information efficiently
by Typel of MCD12Q1 images. NDVI and EVI index calculated using land cover classification indicates the strong seasonal tendency.
Therefore, standardized Vegetation Stress Index Anomaly (VSIA) of EVI were used to estimated the medium-scale regions in Korea
during the extreme drought year 2001. In addition, the agricultural drought damages were investigated in the country's past, and it was
calculated based on the Standardized Precipitation Index (SPI) using the data of the ground stations. The VSIA were compared with SPI
based on historical drought in Korea and application for drought assessment was made by temporal and spatial correlation analysis to
diagnose the properties of agricultural droughts in Korea.
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* ASTER (Advanced Spaceborne Thermal Emission and
Reflection Radiometer)

* CERES (Clouds and Earth’s Radiant Energy System)

* MISR (Multi-angle Imaging SpectroRadiometer)

* MODIS (Moderate-resolution Imaging pectroradiometer)

* MOPITT (Measurements of Pollution in the Troposphere)
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Table 1. Summary of the MODIS land cover dataset

MCD12Q1
Sensor Terra, Aqua
Temporal Coverage 2001-2012
Spatial Resolution 500 m
Temporal Granularity Yearly
Projection Sinusoidal grid
Classification Scheme IGBP (17 classes)

2.3.4 VSIA (Vegetation Stress Index Anomaly)
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Fig. 1. Land-cover map of the South Korea using MODIS images
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Table 2. March to May drought index ranking (MLIT, 2002)
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January to February 2001 March to May 2001
Ranking Province Percent Normal Precipitation Percent Normal Precipitation

%) SPI %) SPI
1 Gyeonggi 182.6 1.2 18.4 23
2 Chungbuk 187.7 1.2 21.7 2.3
3 Gangwon 157.8 0.9 29.5 2.1
4 Chungnam 198.6 1.3 25.0 2.1
5 Gyeongbuk 169.9 0.9 31.6 2.1
6 Jeonbuk 206.3 1.5 38.2 -1.8
7 Jeonnam 159.6 1.1 30.7 -1.8
8 Gyeongnam 177.4 1.1 39.6 -1.5
9 Jeju 159.6 1.1 65.5 -1.0
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Table 3. Agricultural drought progress for 2001 (MLIT, 2002), (Month/Day)

309

Rice planting area (ha) 552(5/15)—3,275(5/25)—9,362(6/17)—34(6/26)—0(6/29)
Dried Paddy area (ha) 1,740(6/8)—8,817(6/12)—5,785(6/17)—0(6/25)
Crop damaged area (ha) 7,932(6/8)—10,295(6/12)—4,279(6/17)—0(6/25)
Water Storage Rate for Agricultural Reservoir (%) 53(6/8)—49(6/12)—43(6/17)—55(6/23)

Table 4. Agricultural drought damaged current status in 2001 (MLIT, 2002)

Cities and Counties Drought Damaged Area

# of Cities # of Counties

Sum

16 38

Gyeongi-do Hwaseong-si, Icheon-si, Pocheon-s

Yangpyeong-gun, Paju-si, Anseong-si

i, Yeoju-si,

3 4

Gangwon-do

Sokcho-si, Goseong-gun, Yangyang-gun, Gangneung-si,
Samcheok-si, Inje-gun, Hwacheon-gun, Yanggu-gun,
Chuncheon-si, Cheorwon-gun, Yeoncheon-gun,
Hoengseong-gun, Hongcheon-gun

Chungju-si, Eumseong-gun, Goesan-gun, Asan-si,

Chungcheing-do

Dangjin-gun, Seosan-si, Bo
eun-gun, Taean-gun, Yeongi-gun, Gongju-si, Boryeong- si,
Cheongyang-gun, Cheongwon-gun

Cheonan-si, Jincheon-gun,

Jeonla-do

Imsil-gun, Sunchang-gun, Namwon-si, Wando-gun, Shinan-gun, Yeonggwang-gun

Gyeongsang-do

Andong-si, Mungyeong-si, Uiseong-gun, Cheongsong
-gun, Yeongju-si, Yeongdeok-gun, Yecheon-gun,
Bonghwq-gun, Changnyeong-gun, Haman-gun,

Uiryeong-gun, Yeongyang-

11
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Fig. 2. Agricultural drought damaged area of 2001
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Fig. 3. Comparison of vegetation indices of the Han River (HongcheonGang) for 2001
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(a) January (d) April

(i) September (j) October (k) November (I) December
Fig. 4. Monitoring 2001 drought using MODIS satellite imagery (NDVI)

(h) August

10

IO.Z
01

-
(i) September (j) October (k) November (I) December
Fig. 5. Monitoring 2001 drought using MODIS satellite imagery (EVI)
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Fig. 6. Monitoring 2001 drought using SPI (6)
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Fig. 7. Monitoring 2001 drought using MODIS satellite imagery (VSIA)
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(a) SPI(6) for June 2001

area of 2001-drought impact
investgation report

(b) Agricultural drought damaged (c) Agricultural drought damaged

Major Agricultural Area

(d) VSIA for June 2001
area of June 2001 using VSIA

Fig. 8. Comparison of agricultural drought damaged area with VSIA (2001)

=7 0 8 Uehydth E5], Fig. 12] EX| 0 E Bqo] whaba]
-2tz ZHEAE 2] G5 (crop area)ol| A HiTFRL] BAA]
oS ARM Q0 7 TA51 0™ VSIAS Foto] k] 7
N 5HA 7SS oA g £ = o R

b,

4.2

rh

£ ATINE 594 7He-S FrrH o2 wetst] $15t
o] Terra $144] MODIS A1419] G428 o} 851e] NDVI
S} EVIZ ATkt AP E A48 Faste] 1A 5
2 %597 7he el 2001 de] thalld 288 £ A7} ohe:
e A2g mEa

1) MOIS2] thEZ] 222521 NDVI 2} EVIE 283 7 &
HUER AL Aatol A T 7HA] 2]4= B A A1 g
o] ZrsHA et B = S-2luete] 7| S5/ AR 2|4
TS H I o] A7y glo] o]-85te] 7HE-E 7o}
ol o0& 0] Sl ASE e

2) AR AE A JFS A AsH | L o d g o o
golAka] /g o2 4 VSIAS A5 o™ VSIAE 5
27RO Al BT R1 B EA o] 7)det A 7FE A}
SPIS} THA ThEA| A== 202 YErgTh

3) VSIAE A AR 594 7Rl 2001 Hell 48
St AT} 7HE2] Al7HA B of| A= VSIAZ}FSPIE T 1 7]
A A= o 7Ha/dgol =A e Ao 2 Yt e
™, 37HA Q1 2o & SP19] A7 1a A =7 vrEht

ik

£ 2|22 A ofo] 4191 o] VSIAL] AV AE
SRR ERRIS ISP S EE S RN RIS
o= epget

1) A7) H2L Slste] 7] 712718 2ol Let
5917 AR s S vsiAcl SJahA el Ae]

2 AT A= SRS BRI 2 2
Femjol At o] HE0 = QlIsto] A7|3He] Az of| of
2HA VR g7} HEo] Al o 2ut A A E] g,
7hEol thet 1398 A BE o] 83t sl 715
stalom 59 7HE mofioll vt A 29l o 2
T 712w R &8 5 g 208 JdEr.

N T

]
H

%, of

o 1

—

oo o off rot of

rL e >~
o

o

2Nl 2

2 ATE FENSE EVEATAEY AHAd
(15AWMP-B079625-02)°] 2]3f| 44 =] 15U th

References

Eidenshink, J.C. (1992). The 1990 Conterminous U.S. AVHRR
Dataset, Photogrammetric Engineering & Remote Sensing,



314 S.-G. Baek et al. / Journal of Korea Water Resources Association 49(4) 305-314

Vol. 58, No. 6, pp. 809-813.

Eoh, M.S. (2001). Drought and measures 2001, Journal of Urban
Hazard Mitigation, Korean Society of Hazard Mitigation,
Vol. 1, No. 2, pp. 4-8.

IPCC (2007). Climate Change 2007: The physical science basis,
Contribution of Working Group I to the Fourth Assessment,
in S. Solomon, D. Qin, M. Mannigna, Z.Chen, M. Marquis,
K.B. Averyt, M. Tignor, and H.L. Miller (Eds.), Report of
the Intergovernmental Panel on Climate Change, Cambridge
University Press, Cambridge, United Kingdom and New
York, NY, USA, 996.

IPCC (2014). Climate change (2014): Impacts, adaptation, and
vulnerability. Part A: Global and sectoral aspects. Contribution
of Working Group II to the Fifth Assessment Report of the
Intergovernmental Panel on Climate Change, Cambridge
University Press.

Jhang, J.H., Jiang, L.G., Feng, Z.M., and Li, P. (2012). Etecting
Effects of the Recent Drought on Vegetatin in Southwestern
China J. Resour. Ecol. Vol. 3. No. 1. pp. 43-49.

Kim, G.S., and Park, H.G. (2010). Estimation of Drought Index
Using CART Algorithm and Satellite Data, The Korean
Association of Geographic Information Studies Vol. 13,
No. 1, pp. 128-141.

Kim, G.S., and Park, J.S. (2006). Correlation Analysis of Vegetation
Index and Drought Index Korean Welands Society, Vol. 8,
No. 1, pp. 49-58.

Kim, B.S., and Lee, J.W. (2011). Evaluation of Drought Indices
using the Drought Records, Journal of Korea Water
Resources Association, Vol. 44, No. 8, pp. 639-652.

Kim, B.S., Sung, J.H.,, Lee, B.H., and Kim, D.J. (2013).
Evaluation on the impact of extreme droughts in South
Korea using the SPEI and RCP8.5. Climate Change
Scenario Journal of Kosham, Vol. 13, No. 2, pp. 97-109.

Kogan, F.N. (1990). Remote Sensing of Drought, Proceedings of
International Geoscience and Remote Sensing Symposium,
pp. 591-594.

Kogan, F.N. (1995). Application of Vegetation Index and
Brightness Temperature for Drought Detection, Adv. in
Space Res., Vol. 15, pp. 91-100.

Kogan, F.N. (1997). Global drought watch from space, Bulletin
of the American Meteological Society, Vol. 78, pp. 621-
636.

Kogan, F.N., Gitelson, A., Edige, Z., Spivak, I., and Lebed, L.
(2003). AVHRR-Based Spectral Vegetation Index for Quant-
itative Assessment of Vegetation Sate and Productivity:
Calibration and Validation, Photogram metric Engineering
& Remote Sensing, Vol. 69, No. 8, pp. 899-906.

Korea Water Resources Corporation (2002). 2001 National
Drought Investigation Report, pp. 57-95.

Lee, J.H., Kim, J.S., Jang, H.W., and Lee, J.C. (2013). Drought
Forecasting Using the Multi Layer Perceptron (MLP)
Artificial Neural Network Model, Journal of Korea Water
Resources Association, Vol. 46, No. 12, pp. 1249-1263.

Liu, H.Q., and Huete, A.R. (1995). A feedback based modification
ofthe NDVI to minimize canopy background and atmospheric
noise, IEEE Trans. Geosci. Remote Sensing 33, pp. 457-
465.

Ministry of Land, Infrastructure and Transport (MLIT) (2002).
2001 Drought Impact Investgation Report.

Park, J.S., Kim, K.T., and Kim, J.H. (2005). Analysis of the
Possibility for Practical Use of Vegetation Indices and
Drought Indices for Drought Detection, Proceedings of the
KSRS Conference, Korean Society of Remote Sensing, pp.
157-160.

Rouse, J.W. (1974). “Monitoring vegetation Systems in the Great
Plains with ERTS,” Proceedings, Third Earth Resources
Technology Satellite-1 Symposium, Greenbelt: NASA SP-
351, 3010-317.

Shin, S.H. (2005). Applicability Analysis of Drought Index using
Multi-temporal NDVI, M.S. dissertation, Inha University,
pp. 33-54.

Son, K.H., Bae, D.H., and Cheong, H.S. (2015). Construction &
Evaluation of GloSea5-Based Hydrological Drought Outlook
System, Atmosphere Korean Meteorological Society, Vol.
25, No. 2, pp. 271-281.

Wilhite, D.A. (2000). Drought as a natural hazard: concepts and
definitions. In: Wilhite D.A. (ed) Drought: a global
assessment, Routledge, pp. 3-18.



