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Abstract

This study analyzed the water shortage hotspot areas in South Korea using spatial clustering analysis for water shortage estimates in 2030
of the Master Plans for National Water Management. To identify the water shortage cluster areas, we used water shortage data from the
past maximum drought (about 50-year return period) and performed spatial clustering analysis using Local Moran's I and Getis-Ord Gi*.
The areas subject to spatial clusters of water shortage were selected using the cluster map, and the spatial characteristics of water shortage
areas were verified based on the p-value and the Moran scatter plot. The results indicated that one cluster (lower Imjin River (#1023) and
neighbor) in the Han River basin and two clusters (Daejeongcheon (#2403) and neighbor, Gahwacheon (#2501) and neighbor) in the
Nakdong River basin were found to be the hotspot for water shortage, whereas one cluster (lower Namhan River (#1007) and neighbor)
in the Han River Basin and one cluster (Byeongseongcheon (#2006) and neighbor) in the Nakdong River basin were found to be the HL
area, which means the specific area have high water shortage and neighbor have low water shortage. When analyzing spatial clustering by
standard watershed unit, the entire spatial clustering area satisfied 100% of the statistical criteria leading to statistically significant results.
The overall results indicated that spatial clustering analysis performed using standard watersheds can resolve the variable spatial unit
problem to some extent, which results in the relatively increased accuracy of spatial analysis.
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Fig. 1. Map of South Korea with middle-sized watershed code
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Collecting data and spatial unit map

Preparing spatial clustering analysis
- Spatial weight matrix, Statistical significance
- Analysis unit, Return period of drought

Performing spatial clustering analysis for water shortage
- Construction of spatial weight matrix, Data entry, Analysis

Selecting target areas for spatial water shortage
- Cluster map

Evaluating spatial water shortage areas
- Index value, Moran’s scatter plot, p-value

Fig. 2. Flow chart of study procedure
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Fig. 3. Comparison of the concepts of Local Moran’s | and Getis-Ord Gi*
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Local Moran’s [ Getis-Ord Gi
. Munsancheon Junction (#102304) 12.818 0.015 0.006
Specific area -
Nulnocheon Junction (#102303) 4.896 0.010 0.003
Jeokseong Watermark (#102301) 1.222 0.006 0.037
Samicheon (#102302) 0.392 0.006 0.017
Lower Munsancheon (#102306) 5.750 0.013 0.001
Sacheon (#102308) 1.888 0.010 0.005
Lower Imjin River (#102309) 6.027 0.010 0.013
. Lower Gongneungcheon (#101905) 1.242 0.005 0.047
Neighbor
Yeokgokcheon (#102107) 0.034 0.005 0.036
Gunnam flood control reservoir (#102108) 2.901 0.008 0.024
Hantan River Junction (#102109) 0.014 0.000 0.453
Hantan River watermark (#102204) 0.818 0.005 0.034
Hantan River Dam (#102205) 0.646 0.007 0.031
Lower Hantan River (#102215) 1.647 0.007 0.026
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SAA frolgo] AEHRA Shas A9 e] £ e
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Ol"J HsiE A ‘212‘31 20180l = 2 x&;oﬂ QurEa0
3], 108)E Al SFATHWAMIS, 2023).

Table 2. Statistic of local Moran’s | and Getis-Ord Gi" in cluster B

2 Table 39| B&5 T2 SA1ZHLocal Moran’s I, Getis-
Ord Gi', p-gh)& w4 27 230 W #2793 B
FAH 0l dF
of, #A[C 7Fad#2501) 9 592 kA Tk 2] <
A5} Act.

ol gt A+ At LEH IAE FRIstk] f18l 52714
ERES AYAE 7|F0= 11871 TEGE B ETHH
Al DAY SIE B9 Av) Y E e W 2[C 7R
#2501) ¥ R B EF2 ofA 0|1, BRE31=19
A2 T ()0l Al Y= Fale(#2502)= BHE
AYSI471 3 HWH

e sH8FFo 1 A== s dS W -(C, A
A 5)2 20218 SHE =77 A 8 5t
A2 IAAAEEE, 89, shd ) 71+ 2725

o] el == Aol

334 HL tHA[H(@Y D & FHR|Y)

HL th21 <91 a9 Wl 3(D) Z FHA] o] thgh
A4S Sdotr] fl5te] 3.3.18 9 #(A) L
© 2 Table 42] Local Moran’s I ¥ Getis-Ord Gi* SA|5F&
VAR AN (D) W BERS 43 B B(H) ] Ao
UeP D SRR Q(BEFY 53 BF ()Y 253t

—

fol Lt

Index Value
Cluster Standard Watershed " p-value
Local Moran’s | Getis-Ord Gi
. Haseocheon (#240305) 7.202 0.024 0.001
Specific area
Namcheon (#210103) 14.020 0.020 0.001
Haejongcheon (#240304) 11.660 0.016 0.001
Suyeocheon (#240306) 8.322 0.019 0.001
Deokdong Dam (#210104) 4318 0.011 0.006
Neighbor Bukchoen (#210105) 3.933 0.015 0.005
Saryeon Dam (#220103) 5.381 0.013 0.003
Samho Watermark (#220104) 0.928 0.011 0.001
Dongcheon (#220105) 3.933 0.015 0.005
Table 3. Statistic of Local Moran’s | and Getis-Ord Gi" in Cluster C
Index Value
Cluster Standard Watershed = p-value
Local Moran’s | Getis-Ord Gi
Specific area Gonyangcheon (#250102) 10.994 0.012 0.018
Gwangokcheon (#250101) 21.929 0.020 0.014
Neighbor Mokgokcheon (#250103) 1.559 0.012 0.007
Sacheon River (#250106) 1.232 0.006 0.048
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Table 4. Statistic of local Moran’s | and Getis-Ord Gi* in cluster D

s ol it 385 3 gotE R sz H < o}

= 7H85eFo] HEal 7] 0 2 mokE ) o] 2 ¢15] 1994
°ﬂf FAlof| Zro g Aldg4-E Al3¥5H 2™ 2000~
2001 dofl= FB-AFA- oAl g7l E2HE T sl
o|g, EFEE)E AJTHWAMIS, 2023).

335 HL tR(@d E 2 = 8

HL TRl 7 e) o () B A o
A8 F517] S15101 33,1789 T 5L
O 2 Table 59 &7 T2 S A= Local Moran’s 1,
Getis-Ord Gi', p-Zh)2 243t 23}, ++4(B) W 2509 22
o] Zl:ﬂ;qoﬂ(_u__r Q 37:_\'_) %75"1—1 0_,]/1-10] o1zgcq
A HL 29 €] 482 Uehlo], Fig. 59 2ol #4(E) % 51
A%& 2R B)= g olste 2| £, 13 3#2006) R 7]
2 HL z]oﬂ oz ng: /\'174'16]-0511:]-

oleidt AT AP} =EE DAL gl s 524
ERSE AYAE 7o = 187 SHGEH 253

A) D IATSE BT A, 54
H

P

¢

T =
H(#2006) 2 TH|2 SFEE2 584 = 2, =55 04
S5 1IAAR g 2 o2 U

Index Value
Cluster Standard Watershed - s p-value
Local Moran’s | Getis-Ord Gi
Juksancheon (#100702) 6.315 0.013 0.003
. Upper Cheongmicheon (#100701) 10.667 0.012 0.016
Specific area - -
Middle Cheongmicheon (#100703) 9.771 0.011 0.014
Upper Gyeongancheon (#101601) 0.098 0.004 0.046
Upper Bokhacheon (#100712) -0.370 0.006 0.019
Ipobo (#100711) -0.306 0.006 0.011
Neighbor Cheongmi Watermark (#100705) -0.207 0.004 0.047
Upper Mihochoen (#301102) -0.189 0.004 0.046
Gosam Dam (#101102) -0.405 0.007 0.008
Table 5. Statistic of local Moran’s | and Getis-Ord Gi” in cluster £
Index Value
Cluster Standard Watershed = p-value
Local Moran’s | Getis-Ord Gi
. Upper Byeongseongcheon (#200601) 4.900 0.008 0.034
Specific area
Bukchoen (#200602) 5.027 0.009 0.047
Lower Byeongseongcheon (#200603) -0.304 0.006 0.017
Neighbor Gamcheon (#201008) -0.199 0.004 0.045
Seokcheon (#300502) -0.330 0.006 0.015
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