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Abstract

In this study, drought assessment using the standardized precipitation index (SPI) and streamflow
drought index (SDI) was conducted for the Inje region, Gangwon Province, South Korea. Monthly
streamflow ratios were reviewed through basic data for drought analysis (rainfall, streamflow), and
meteorological drought and hydrological drought analysis were conducted using precipitation and
water level/flow observation stations near the Inje watershed. The analysis revealed that the drought
that occurred in 2014 persisted until 2017 consistently across all drought indices (SPI, SDI). When
analyzing drought indices calculated using 12 months of hydrometeorological data, it was found that
severe drought lasted for approximately 24 months, indicating that drought damage would have been

severe.
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11 9)tH(Chung and Lee, 2021). 73 AR o A= 20148 52710 28tg=t AlRbg=E A8t v 2127 (Kim,
2015), 2016AN= A7t Aol 1,443A]th(2270 T, 4470 b2yl vV B 252858, 1,845F)0] o]Fojxl vl Qlct
(Kim etal., 2020). o] H 5L v Hg2] S} 22 2 O] 2L AJ4(5,9207140) 0] A A
= 9135371 Ao B asit.
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District Area (km?) Population (2020)
Inje eup 316.33 10,482
Nam myeon 243.29 3,972
Buk myeon 349.10 8,270
Girin myeon 275.07 5,091
Seohwa myeon 264.96 2,596
Sangnam myeon 197.35 1,548
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Table 1. Land use classification using satellite image

Classification of land use Area (km?) Area ratio (%)
Sum 1,620.5 100.0
Water system 8.5 0.5
Downtown area 13.2 0.8
Bare earth and grasslands 12.2 0.8
Forest 1,520.6 93.8
Agricultural land 65.9 4.1
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Fig. 2. The ratio of monthly rainfall to the average monthly rainfall in Inje (1975.01~2022.12).
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Fig. 3. The ratio of monthly flow rate to the average monthly flow rate of Inje (Wontong-ri).

Table 2. Ratio of flow rate to average monthly flow rate of Inje (Wontong-ri) (2001.01~2022.12)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

2001 107.3 1233 166.1 63.4 3.8 29.3 59.8 20.8 8.7 71.5 24.1 18.8
2002 - 62.8 67.8 81.2 113.5 54.9 63.3 47.0 99.6 65.0 32.8 375
2003 244 279 105.1 168.3 151.0 41.5 53.5 56.5 156.2 58.8 165.5 179.2
2004 61.0 79.1 98.3 98.0 894 41.5 127.1 26.6 64.9 42.5 32.8 27.1
2005 24.4 233 373 141.6 95.2 89.0 67.8 26.0 68.8 66.3 62.1 313
2006 24.4 233 254 74.3 77.9 162.2 150.5 85 10.5 117.5 84.5 75.0
2007 73.2 51.2 100.0 76.2 98.1 40.2 31.2 52.9 142.8 117.5 91.4 75.0
2008 80.5 102.3 101.7 66.3 34.6 74.4 94.5 443 48.6 30.0 31.0 37.5
2009 26.8 53.5 424 60.4 433 170.7 186.2 444 22.5 36.3 100.0 68.8
2010 73.2 100.0 150.8 108.9 188.5 70.7 30.7 56.0  204.7 101.3 60.3 62.5
2011 58.5 55.8 40.7 644 2000 4049 2166 29.7 18.8 313 43.1 72.9
2012 73.2 62.8 542 2079 452 293 533 283 96.0 58.8 101.7 137.5
2013 3854  600.0 174.6 83.2 53.8 47.6 194.5 25.1 29.7 60.0 50.0 56.3
2014 61.0 39.5 67.8 39.6 35.6 183 6.5 27.6 77.5 41.3 36.2 583
2015 75.6 51.2 25.4 574 16.3 13.4 55.8 23.7 18.1 26.3 187.9 135.4
2016 70.7 79.1 96.6 87.1 54.8 30.5 71.9 6.5 21.0 83.8 36.2 72.9
2017 63.4 48.8 22.0 48.5 15.4 19.5 123.1 58.7 14.5 22.5 29.3 333
2018 36.6 41.9 373 89.1 2279 31.7 67.6 49 48.9 68.8 131.0 333
2019 19.5 7.0 153 15.8 7.7 122 22.1 183 69.2 95.0 65.5 43.8
2020 168.3 62.8 88.1 56.4 151.9 65.9 108.8 375 2467 2100  269.0  264.6
2021 326.8  286.0 367.8 3356 3846 2963 78.6 26.9 97.8 4425  281.0  302.1
2022 251.2 193.0 3254 180.2 1192  450.0 1422 79.6 1558 3338 3000 377.1
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Fig. 4. Ratio of monthly flow rate to the average monthly flow rate of Inje (Wondaegyo bridge).
Table 3. Ratio of flow rate to average monthly flow rate of Inje (Wondaegyo bridge) (2008.01~2022.12)
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
2008 145.6 137.1 314.0 533 452 57.1 98.6 91.1 42.0 40.2 52.8 88.7
2009 17.1 157.1 57.0 76.0 78.8 179.8 233.5 98.1 21.7 32.1 153.7 69.6
2010 145.6 136.3 89.8 143.1 184.3 69.0 20.0 138.6 302.6 127.5 73.9 58.0
2011 9.2 29.7 43.1 116.8 272.2 5100 2614 81.9 32.7 50.7 69.3 91.9
2012 66.2 1113 559 2109 46.7 38.0 86.8 114.6 167.8 101.2 182.4 132.3
2013 13.0 101.8 202.3 119.8 110.7 842 2335 50.7 84.5 116.3 73.7 84.3
2014 73.6 96.7 102.3 733 47.2 29.9 8.7 84.3 92.8 89.9 56.2 45.0
2015 29.2 67.4 38.3 104.8 26.7 244 40.2 474 29.2 37.5 218.3 217.7
2016 60.2 98.9 94.5 97.6 544 34.6 136.5 20.2 394 99.9 67.2 215.9
2017 168.1 87.0 38.1 87.5 259 23.2 104.9 114.5 20.2 43.5 443 33.6
2018 34.0 373 117.5 156.5 288.6 57.4 71.9 94.7 90.5 1773 205.1 114.3
2019 56.0 72.4 55.9 532 26.3 46.4 393 82.5 88.9 153.6 107.6 93.1
2020 5429 2140 124.8 63.7 1353 55.2 517 2542 2593 58.6 54.6 48.4
2021 67.9 67.1 96.8 108.2 138.8 86.9 34.9 24.8 73.0 140.2 58.8 96.7
2022 71.3 86.0 69.6 35.2 18.9 204.1 78.2 202.3 155.4 231.6 82.0 110.4
ASAHE 9I5H0| 24 Hj
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Table 4. Drought classification by SPI range

SPI range Hydration status
2.00 < SPI Extremely wet
1.50 < SPI <2.00 Very wet

1.00 < SPI < 1.50 Moderately wet
-1.00 < SPI < 1.00 Near normal

-1.50 < SPI < -1.00 Moderately dry
-2.00 < SPI < -1.50 Severely dry
SPI < -2.00 Extreme dry

4254 7}FEA]4(Streamflow Drought Index, SDI)
SDI+= SPI AF47HE3} -5-AF5HH, Nalbantis and Tsakiris(2009)7F -=8F4Q1 7Ha2 EASIL7] ¢sl ZHdsiaict
SDI4HPE& 1ol € 55 @, ;2 AAIGS E-8RIt}. of7|A] i = - dEol, j= ol o2 d e W] g-S Lrehdith

3k
; . 512,k =1,2,3,4 (1)

A7, V, =i A AkollA] kA 717 F2t ek Aol
SDI+= Tt o] A 4~

SDIL, = —t i =1,2..k=1,234 @)

A7IA, V.8 5= 22 71717000 AA 5= 71 710 ko] 74 S8 A|1A 9] Wt W BEHEAto|th o] Aol
ThE GEES AR = QAT A =52 1, 2 AT HNalbantis, 2008; Nalbantis and Tsakiris, 2009). %F2] SDI #+-=
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a
| =1

Table 5. Drought classification by SDI range

SDI range Hydration status

SDI < 0.0 Non-drought
-1.0 < SDI < 0.0 Mild drought
-1.5 < SDI < -1.0 Moderate drought
2.0 < SDI < -1.5 Severe drought

SDI < -2.0 Extreme drought
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Zhaol g R W r]sof ek 201618 3EHE QAL 718 7hg of - A E W A-S A EH 2019 6~119, 2021
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Table 6. Detailed status of the occurrence of restrictions and water carrying supply in Inje region, Gangwon Province (dro-
ught information portal, 2008~2022)

Eup, Myeon, Dong Village name slt)airtn(?ftz z;nzjﬁz Damage type ;?):r;z%;i
Girin-myeon Jindong-ri Dumudae village 2018-01-30 2018-01-30 Water-carrying supply 20
Girin-myeon Buk 2-ri 2017-06-19 2017-07-03 Water-carrying supply 201
Girin-myeon Sangdap 2 village 2015-06-17 2015-06-26 Water-carrying supply 73
Girin-myeon Sangdap 1 village 2015-06-15 2015-06-26 Water-carrying supply 53
Nam-myeon Gwaneri 2022-05-05 2022-06-25 Limited water supply 60
Nam-myeon Shinwol-ri 2011-01-17 2011-01-20 Water-carrying supply 59
Nam-myeon Shinwol-ri 2022-05-05 2022-06-25 Limited water supply 87
Nam-myeon Sangsunaeri 2015-02-10 2015-02-22 Water-carrying supply 11
Nam-myeon Jeongja-ri 2017-06-21 2017-06-27 Water-carrying supply 131
Nam-myeon Jeongja-ri 2014-07-11 2014-08-18 Water-carrying supply 50
Nam-myeon Gwandae-ri 2014-07-12 2014-08-18 Water-carrying supply 35
Nam-myeon Gwandae-ri 2015-06-02 2015-10-19 Water-carrying supply 10
Nam-myeon Gwandae-ri 2017-06-05 2017-07-03 Water-carrying supply 74
Nam-myeon Jeongja-ri 2019-06-04 2019-06-06 Water-carrying supply 50
Nam-myeon Namjeon 2-ri Soryujeong 2018-01-12 2018-01-13 Water-carrying supply 75
Buk-myeon Yongdaeri Darigol 2018-01-30 2018-01-30 Water-carrying supply 66
Buk-myeon Hangyeri Galjikchon 2018-01-30 2018-01-30 Water-carrying supply 48

Sangnam-myeon Hanam-ri 2011-01-17 2011-01-20 Water-carrying supply 250
Sangnam-myeon Sapyeong-dong 2019-06-04 2019-06-06 Water-carrying supply 250
Seohwa-myeon Seoheung 2-ri 2011-01-18 2011-01-20 Water-carrying supply 22
Seohwa-myeon Musoejeom village 2019-07-03 2019-07-10 Water-carrying supply 42
Inje-eup Kiryongdae 2019-06-04 2019-06-06 Water-carrying supply 120
Inje-eup Gwidun-ri 2011-01-16 2011-01-20 Water-carrying supply 352
Inje-eup Gosa-ri (sungae) 2015-07-06 2015-07-12 Water-carrying supply 32
Inje-eup Non-smoking camp 2022-12-21 2022-12-21 Water-carrying supply 30
Inje-eup Serigol 2019-06-04 2019-06-04 Water-carrying supply 40
Inje-eup Gosa-ri (teonmal) 2018-01-30 2018-01-30 Water-carrying supply 400
Inje-eup Deokjeok-ri Mulangol 2018-01-30 2018-01-30 Water-carrying supply 40
Inje-eup Jangsuteo village 2015-06-17 2015-06-26 Water-carrying supply 53

Inje-eup Gosa-ri (teonmal) 2015-06-17 2015-06-26 Water-carrying supply 138
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Fig. 5. Results of meteorological drought analysis using SPI (1975~2021).

428 7hEAS

UAX LT FHARE /IO 2 SR 710 A4 SDIS APFson, faast 3Eo
2 759 200096] o8] 2471718 A SDIE AFgelsict

SDI(3), SDI(6), SDI(9)2] 732014, 20190 4754 7hgo] ARt 2.0 2 Uep .o w, SDI(12)2] 74--oll= 4
MR ofAfo] Holz] of= Al 0 & LreRdt), 202210l Q1A ol 4] 7HEo] RIS oL, 2]4571710] ZHe TR
2 SDI ERoflA= 7ha o2 BRER] o= 202 SRIE|QIFig. 6).

QAL 475t 7MEA R AP A IS 7V e ZheAas AP At} vl w s
2145 717he G R AT o 71 gek] ZHgol| vlste] thA 2| 3

O] A&7 271A] 7HaAlgte]l thagtel Afol7F sl Qle A 0= A= Sith(Fig. 7).



337

I
o

712 5ot

ES=ko) 3]
[ B |

oo
==

1A

SDI(E)

A '\ 'Il'-. 5

2021

- 9

15

203

2011

L8]

20

“fear

S0 23

SOIE)

203

2011

.l

e

“fear

— SDNE

M [

h

L=

2021

k]

017

08

2z

2011

s ]

“fear

fear

Fig. 6. Results of hydrological drought analysis using the SDI of Inje (Wontong-ri) (2001~2021).

— Wendazgyo Bridae SDIE)

— Wondazgyo Brdae SDIEY

i

WA

i

_|..m

2022

200

2022

2020

ear

fear

— Wionchegyo Bridge DI 20

— Wondazgyo Brdae SDIEY

i

i

=

_|..m

_|mﬂ_

2022

(]

4 153

2

2022

4 16 Ul=]

12

ear

fear

Fig. 7. Results of drought analysis using SDI for the Inje (Wondaegyo Bridge) (2001~2021).

.

-

N

o] o

5

Aoz slEgt) 715 1]

IEAE=

o139

Eog

5

oA Y

REREEES

&l

9o &%
o= ©o

= O

7hE AR IA B QTEYL AR Z1AL

Slko
S

R ]y

2]
=

AR, 18) A= T2 5o

=

Z]
A

1
[ele)

7H=2]4%(SPI, SDI)ollA]

W RE

o

Ao mbA 7HEo s

=885

711278 4o =7 1 3Rk E:

A
=

S A

w9 20 R B4

A
=

7H20]2017d7H4] A

5

022014 d0] Ay

it

"oz

2Pl



Qg el FABE S0 2 IR QAL A9 Vg R 1R ol B 7S AR S T A gL PR
A o] 17 PRI glgkort, A5 AP AT I SR A B4 SQIs|iE 2019-2022 Aolo] 47t

o] FAsto] RHg7t ol Fof7l ZS BRI 4= ISl

AF A
B A= S OPARAR] 12024 A% Z[51 ZAKIY, 02 = Q5 UTHIAI S 20240123-01).
References

Chung, .M., Lee, J., 2021, Preliminary analysis on improvement of water supply capacity of sand dam, KSCE Journal of
Civil and Environmental Engineering Research, 41(1), 29-37 (in Korean with English abstract).

Gukje News, 2019, Inje-gun preemptively implements next year’s drought countermeasure project, Retrieved from https://
www.gukjenews.com/news/articleView.html?idxno=1191320.

Kim, G.B., Chung, I.M., Ha, G., 2020, Research and development of technology to secure water resources in drought-prone
areas, Water Journal, 192, 32-39.

Kim, J., 2015, Alleviating the current draught condition in Gangwon region, Issues and Perspectives, No. 973, National
Assembly Research Service (NARS).

Kuki News, 2022, “This drought is extraordinary”...Inje-gun concentrates administrative power to prevent damage during
the farming season, Retrieved from https://www.kukinews.com/newsView/kuk202205260104.

Lee, J.H., Park, S.Y., Lee, J., Chung, I.M., 2020, Meteorological drought evaluation in Chuncheon region, Journal of Envi-
ronmental Science International, 29(5), 541-549 (in Korean with English abstract).

Mckee, T.B., Doesken, N.J., Kleist, J., 1993, The relationship of drought frequency and duration of time scales, Procee-
dings of the 8th Conference on Applied Climatology, Aneheim, CA, 179-184.

McKee, T.B., Doesken, N.J., Kleist, J., 1995, Drought monitoring with multiple time scales preprints, Proceedings of the
9th Conference on Applied Climatology, Dallas, TX, 233-236.

Nalbantis, 1., 2008, Evaluation of a hydrological drought index, European Water, 23(24), 67-77.
Nalbantis, 1., Tsakiris, G., 2009, Assessment of hydrological drought revisited, Water Resources Management, 23, 881-897.



