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County-Based Vulnerability Evaluation to Agricultural Drought Using Principal

Component Analysis
- The case of Gyeonggi-do -

Jang, Min-Won

Research Institute for Agriculture and Life Sciences, Seoul National University

ABSTRACT *: The objectives of this study were to develop an evaluation method of regional vulnerability to agricultural drought
and to classify the vulnerability patterns. In order to test the method, 24 city or county areas of Gyeonggi-do were chose. First,
statistic data and digital maps referred for agricultural drought were defined, and the input data of 31 items were set up from 5
categories: land use factor, water resource factor, climate factor, topographic and soil factor, and agricultural production foundation
factor. Second, for simplification of the factors, principal component analysis was carried out, and eventually 4 principal com-
ponents which explain about 80.8% of total variance were extracted. Each of the principal components was explained into the vulne-
rability components of scale factor, geographical factor, weather factor and agricultural production foundation factor. Next, DVIP
(Drought Vulnerability Index for Paddy), was calculated using factor scores from principal components. Last, by means of statistical

cluster analysis on the DVIP, the study area was classified as 5 patterns from A to E. The cluster A corresponds to the area
where the agricultural industry is insignificant and the agricultural foundation is little equipped, and the cluster B includes typical
agricultural areas where the cultivation areas are large but irrigation facilities are still insufficient. As for the cluster C, the cor-
responding areas are vulnerable to the climate change, and the D cluster applies to the area with extensive forests and high

elevation farmlands. The last cluster E indicates the areas where the farmlands are small but most of them are irrigated as much.

Key words : Drought vulnerability, Principal component analysis, Cluster analysis
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3 1. Items for the evaluation of agricultural drought vulnerability
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Categories Code Items Effect Unit Remarks
Luo1® cultivated area N ha
Luo2* % of cultivated area N % LU01/LU00
Land use LU03" | paddy area N ha
LU04* | % of paddy area N % LU03/LU0O
LUO05* |upland area N ha
LU06" | % of upland area N % LU05/LU00
GWO1* | impervious area N ha
GW02" | % of impervious area N % GWO01/L.U00
GWO03* | forest area p ha
Water resource
GW04* | % of forest area P % GWO03/LU00
GWo05° poor drained unpaved area N ha
GWO06" | % of poor drained unpaved area N % GWO05/LU0O
TS01* | cultivated area over elevation 200 m N ha
TS02* | % of cultivated area over elevation 200 m N % TS01/LUO1
TS03* | % of paddy area over elevation 200 m N %
Topogsrzshy & TS04" cultivated area included in buffered stream with 200 m P ha
TS05* % of cultivated area included in buffered stream with 200 m P % TS04/LUO1
TS06> cultivated area with low effective soil depth N ha
TS07> % of cultivated area with low effective soil depth N % TS06/L.UO1
ACo1* normal annual precipitation P mm/yr
Climate AC02° normal annual precipitation during growing season P mm/yr
AC03° normal ratio of PET & precipitation during growing season N ratio
ACO4 standard deviation of precipitation during growing season N mm
PFO1° consolidated paddy area P ha
PF02* % of consolidated paddy area P % PFO1/1.UO3
PF03° benefitted area by irrigation facilities P ha
Production PF04° rainfed paddy area N ha
foundation PF05° % of rainfed paddy area N % PF04/LU03
PF06" water surface area p ha
PFO7° irrigated area by drought frequency over 10 years P ha
PF08° % of irrigated area by' drought frequency over 10 years P % PFO7/LUO3
* LUOO : administration area(ha)

" NGIS Landuse map,

®. Reconnaissance Soil map, °: Digital Elevation map,

®. Yearbook of Agricultural Land and Water Development Statistics(2003)
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3E 2. Digital thematic maps and attributes

o
re
o

Attribute
Theme Format Feature — Remark
name type description
Land Use coverage poly ucb string land use code 1:5,000 scale
number int soil number
name string soil name
. . drain int drainage
Reconnaissance Soil coverage I 1:50,000 scale
g poly - : -
soiltype int soil type
soildepth int effective depth
landuse int land use
L ad_admin string administration code
Administration Boundary coverage poly : ; -
gunname string city name
Meteorological Observation R station_id string station code
. coverage point - -
Station name string station name 1:50,000 scale
i station_id string station code
Thiessen Network coverage poly ; :
name string station name
Digital Elevation grid grid elevation float 25m resolution
std_code string management code
Water Facilities coverage point pro_code string facilities symbols
sisulname string facilities name 1:50,000 scale
. streamname string stream name
Stream coverage line ;
streamlevel string stream level
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Calculation of Factor Loading
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9 1. General procedure of PCA
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3 3. Factor loading by principal components

Principal Components Principal Components
Factors Factors
1 2 13| 4 1 2 3 4
LUOl1 | 0.982 LUo6 0.932
TS04 | 0.972 TS02 0.918
LUO03 | 0.969 TS03 0913
LUO05 | 0.953 TS01 0.912
PFO1 | 0.895 GWO03 0.833
PF07 | 0.872 GW04 -0.598
PF04 | 0.866 TS05 0.551
PF03 | 0.865 AC04 -0.929
Luo02 | 0.817 AC02 0.882
TS06 | 0.811 ACO03 -0.793
LUO04 | 0.801 ACO1 0.736
GW01] 0.782 PF02 0.659
PF06 | 0.769 TS07 -0.538
GWO05| 0.749 PFO8 0.756
GW02] 0.504 PFO5 -0.703
GW06 -0.629

i 4. Vulnerability assessment indices by regions(Si/Gun)

Region DvIP Region DVIP
PC1 | PC2 | PC3 | PC4 PC1|PC2|PC3|PC4
Ansan 0.3010.62 | 0.13 | 0.65 | Namyangju |0.48(0.05{0.86]0.06
Ansung 0.7710.21 1 0.29 | 0.36 Osan 0.5010.55]0.100.70
Anyang 0.11 [ 0.86 [0.52{0.96 | Pucheon [0.26]0.89(0.84(0.02
Gapyeong | 0.35 | 1.00 | 0.38 | 0.35 | Pyeongtaek [0.85{0.70{0.09|0.61
Gunpo 0.18 [ 0.53 [0.14 | 0.83 | Seongnam [0.27]|0.49{0.82(0.12
Guri 0311078 10961093} Siheung |0.58(0.61]0.46]0.53
Gwacheon [0.1910.43 (091078 | Suwon [0.34(0.80(0.11{0.34
Gwangju  ]0.3710.27 | 0.49 | 0.56 | Uijeongbu |0.22]0.28(0.92]0.92
Gwangmyeong | 0.41 | 0.66 | 0.90 | 0.36 | Uiwang 10.20{0.21]0.21{0.66
Hanam 0.24 | 0.53 [ 0.87 [ 0.0 | Yangpyeong |0.58|0.75}0.54 (0.40
Hwasung [ 0.99 { 0.21 | 0.12 | 0.66 Yeoju 0.92]0.05(0.460.48
Icheon 0.99(0.1903710.69| Yongin [0.66/0.11{0.27(0.39
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