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ABSTRACT: Korea is suffering from a severe drought in its central region, particularly in Gangwon Province.
Global climate change will cause more frequent and worse drought conditions. Accordingly, the national
government has proposed new water management plans that include the construction of subsurface dams and
artificial recharge systems, as measures to prepare for and mitigate the depletion of water resources. We discuss
whether the technology implementation meets the unique geology, hydrogeology, and geography of Gangwon
Province. For the management plans to be sustainable in the long term, local governments must possess the authority
to run permanent organizations dedicated to groundwater resources management, rather than temporary
organizations formed only for drought seasons. Recently, the State of California, USA which is experiencing an
unprecedented drought enacted landmark legislation called the Sustainable Groundwater Management Act. This
legislation gives budget and management authority related to the water resources to local governments with the
role of the State being limited. While government-level measures are imperative to secure water resources, the
role of household practice to conserve water becomes more paramount in a sustainable society with the climate
ever changing.
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A B89 1/4 o)F2 AREstaL Qltk(Paggi,
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California

Center, 2015).

Be)ELjo} Aede] 20 ok Po| A A
HEH0159 119 3% 71%) & 247 sH(total
capacity) 2] 7-36% (Ha 23.1%) % 'gollom 1kA 3
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October 27, 2015

(Released Thursday, Oct. 29, 2015)
Valid 8 a.m. EDT

Daught Conditions (Percent Areg)

Mone (D0-D4 (D1-D4 (D2-D4 EecS sk Syat]

Cument 014 | Q986 | 9733 | 8227 [ 71.08 | 46.00

Last Week

os bl 0.14 | 99.86 | 97.33 | 82.27 [ 71.08 | 46.00

3MonthsAgo | 4,

APRE01S 99.86 |97.35 | 9459 ( 71.08 | 46.00

Start of
Calendar Year | 0.00 |100.00)93.12 | 84.34 | 77.94 | 32.21
12002099

Start of
Water Year 0.14 | 99.86 | 97.33 | 82.36 | 71.08 | 46.00
8292015

OneYearAgo | oo |q00.00
10282099 : :

100.00) 95.04 | 81.92 | 58.41

fnfensify:

D0 Abnomnally Dry - D3 Extreme D ought
D1 Moderate Drought - D4 Exceptional Drought
D2 Severe Drought

The Drought Monitor foclises on broac scale condtions.
Local concilions may Vary, See accompanying text sumenan
for forec ast statements.

Author:
Brad Rippay
U S Department of Agriculfure

USDA
i

http J/droughtmonitor.unl. eduf

Drought Mtigation Cemer

Fig. 1. Drought level of California as of October 27, 2015 (source: http://droughtmonitor.unl.edu/).
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% Aol A AP wAstn glonl &
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5E(9.1 m)2] Aukxal7} SAyal AT Galloway et
al.,, 1999). 743t A|she 7o) -9 g+
& o]520] thA] YA BR A3 Tz WAelA
oo} A EUoke] 4¢ Fold 4 gl AR o=
A Z¥st A5k 1] A3 A giok 2003-2006F
Atololl& A7 0.5 km’ 2.2 WHA¥EtE sk 1z
o] 2 2006-2010W ofl= &7k 23.9 km’9] &2
243 1zo] WA th(Famiglietti ef al., 2011;
Famiglietti, 2014). AA7HYo 2 29| di7kge
2 gt azo] mty A dA|of| 74A] EEste] o]
7he BUE s Ak AL AT AR 49
Z31a1 Qlk(Parker, 2015).

A E o} 2HFL o]l 7HEOR 167d 59
A H2E AARSE BYSD S W), 4
S22 FAZE Jotstn Belrt)g Qxs)
2 AN Reags AFstal E & Yol e
< Fishes 5 7REaES e 23 adat U
= sk Qlok. 22y ofel 2y shA = Ao}
= 7h Al &9 60% o)== Alskol &3t
I PZol = Bkl o[ 7Hg o] Aol AsteE
55 A(public good)Z AAFIA = FF1 g
W= kA ok 2y vl 7heell AH
gto] Hekd A FRIES SEE R = &

T8kaL 20149 949 169 AT Yo} A X Zo
2 &7 sk 9 (Sustainable Groundwater
Management Act)]| A3} thState of California,
2015). o] H& AHHRE BloIF Aol A
(Groundwater Sustainability Agencies)& 41443}
Ao HAL 918 ARG SUSIL Aske AL
271819 gpol A= ot AFS FARS ol
So) 215 AR 7144, AHH ALE FATH
QJtH(Christian-Smith and Abhold, 2015; State of
California, 2015).
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9 Aatoletz AL s A8k glol=
PG 7o FoE FHY U= Az olofA
E7Fsshthe A 9A Hoh 28y 4 |zt
AR o-§sd 29 AFARY Xk A
slof hsto] HA FFHY FUS(53] w1
oAGA AG3 Yt ® ol HHgS &
A7} B o} A5l AU A&7
St= 583 ZEVLE A SR Kl
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FAG 7HR o2 2 158 vhy 9tk 2014 R E
A& o|¥l 7Ha2 g JA 19 7|n])E ol
A gom ZFAEe 9 Hddie] 52% FE=of 7
R 910 1973 S0 F|ete] 7HaE 7| E3kaL
ATHKMA, 2015a). T Wd Zu} o] Ao o] 7HE0]
FAER] kS Ao R dAtstar 9ltk(Byun, 2015).
o| 2 Qlal Ak, ShH e ATFo] HA(IA
12)o] v]af 2F 60% ol kst Fol&FAt
7} Tt AR A o]et IA thEXR|
thJeon, 2015).

S =S ABt 722 WSS AIARE1970
A o] &Aoo 2 Frfstoiith1d 2). AP F
FEA N BE Fo] 7187]2 H 0.0023C /yr
(B9, 23 0.056°C/yr(AY), 18x FZF 0.03
2T /yre] 2245 £528 Bt 53] 1%7} =
ol h2 A ARt A3 7120] e o] B
o &= A 0.034C o] X|&AQ1 7| 24(1H 29 3|
A AR)S Hol FHE AYoA FR3 2413
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, DY, TH) oA e ST A Hrh o]
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W& 7H Aoz Al Hrh

19 32 197056 2014W7HA] L= 117 A
A9 S Bl T AR A= o
T FHE AYstales 25 FY 71&71(2.66-12.38
mm/yr, H4 581 mm/yr)E B2 AF7]7F <t
Aol 2aolumt F7lsks A2 ARSI
o} v FA1E FodeolA Bt e HYY
7ol 95% Al=eEolA F7HE /0] Het
3] Sl A2 FrEoh SuEe A 19884
o|FHE A7FFe WEAd(inter-annual varia-
bility)o] t& 5715t Holt}. olE Sof g Al

N
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Fig. 2. Changes of annual mean air temperatures in ma-
jor localities in Gangwon Province. The dotted line rep-
resents a linear regression result of temperature in the
Daegwanryeong area. Data are from KMA (2015a).
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Fig. 3. Annual precipitation in major localities in
Gangwon Province for 1970-2014. Data are from KMA
(2015a).
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2313 ek, 71APY(KMA, 2015b) 2] 2 ek 1004
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KMA, 2015b). 24| o3t 7w HEH 5
7} 4B W7 AL AL 0|83} Vel S
RO B e Bl Alolm el o= )
£ & o} kS m| A} Lee, 2015b).

222 X344 B

FAE A 19963 A3eTA AR
T)o)| X3 0] 36,9247 42 HA = QTH 1Y
4). 22 oY 3k T = A7E 7HEA A&
Moz Zylste] 2013l 100111714 o2
o} o)= HFH o2 W7k 37177049 A5k B
o] A& NLE AU ou|gict. 2013 7|20 2
AAAEZ B 95 (23,13574: 23.1%) o]l 713
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Fig. 4. Number of groundwater wells for 1996-2013 in
Gangwon Province. Data are from NGIC (2015).
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2o km % 0.87]40]c}.

S A3 ol g AwE 19960 Azt
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ATHY 5). o= B o0& A7 6848 m’Y] F
7HE Qugith (A EE BH X ok A
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Z, 4999 m®, 22.9%), Thgo] 2HA|(33.59 Tk
m’, 15.4%) 183 A2 A](22.2899F m’, 10.2%) <=
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Fig. 5. Annual groundwater use for 1996-2013 in
Gangwon Province. Data are from NGIC (2015).
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Fig. 6. Groundwater usage for 1996-2013 in Gangwon
Province. The value in parenthesis represent the
amount of groundwater used only in the year 2013. Data
are from NGIC (2015).

o]tk o] & YoIAE FA| BHA| (575 m’, 0.3%)
7h 7P S AL 2 YEsth Su 2 22 2003
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AsteB/A 9 = FEHA S7HHATHAE 4).
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oA E|= AF3}o]7| & dhth(Lee, 2015b). 0|9} Z-&
LS A TSR] G=thd ASE Aske
Ao | aEH o] g Aok LS 2T 7
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a9 62 Y% Agteo] = o §AGgS W
oEth A 77kl AA Aot S AEE, 549
£, F9E 18 7|E £ 02 YERT 20037t
A -3t 5 Y& A5k of-&o] FHHA STt}
oLt o] Fofli= L2 At SIS A5t
I o FHEE2 FAE HolaL drt 20139
71Z02 B AWEL0] 57.3%, 58] 37.9%, 3
Qo] 4.1% 183 V=] 0.7%7} 7|ER&Eo|t}.
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Fig. 7. Changes in the average of groundwater level per
year (1996-2015) in Gangwon Province. The water lev-
el data are from National Groundwater Monitoring
Stations (NGIC, 2015).
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Table 1. Summary of some technical countermeasures proposed by national and local governments to mitigate severe

droughts (sources are not specified).

Province

Countermeasures (short- and long-term)

@ Replacing leaking old waterworks pipes
@ Constructing new small and medium dams
(3 Excavating bottoms of rivers, streams and reservoirs

General

@ Implementing artificial and managed aquifer recharges
(® Constructing underground dams

® Developing new groundwater wells
(@ Implementing integrated water management system

(D Limiting living water supply

@ Replacing leaking old waterworks pipes

Chungnam

(® Repairing local rivers
® Saving water in homes

@ Constructing aqueducts to reservoirs/dams of 4 Rivers
@ Developing alternatives for living/agricultural water

@ Limiting living water supply

@ Developing new groundwater wells
(@ Providing drinking water to suffering homes

Gangwon

@ Excavating bottoms of reservoirs, rivers and streams

(® Developing alternatives for local waterworks water
® Constructing new reservoirs and dams

(@ Reuse of used waters

ST FE A3 ol SRS AA G
& A% AU Aelo] A A sl of
83} 5 otk THER 7| Fas get Aja)
ol of o] WAgtth 2|5t sh-2 7t
4314 4= QltH(Jang et al., 2015).

2.3 IS8 HEN J|=AHE

A AETE vRe} o] o FRA| G} FAE
Aol A APF 7= 53] st 5%
ARt g AR A= 2 A 4 E23E Sl
7R bR 7] 2 $47] d3e W
UTHIE 1). o] 7|&2 Aoz 47} HO| o]&
(FRAY), Tt dat AR 9] A4, shdure
o] &4, e w07l Rt =¥ A 4
H|(24)), SsdBA L] 15 52 289 o
A}, At Aty o N, sk A, A
sH )9 5ol AAE L Qlck(Hankyung, 2015). ©]

Qo AFRAZ A, 5% 255 A9
dfet 4423 ol AAHT glon AbsjH oms
Vg QAAEIA ot £58 Frat
(KTV, 2015).

sl MR B uho 1w eiAle
QN AT Sir} vl Askrpge] Al
FAolt. TR ol2e AsAp e BA3 A
s =)7L HA ol A] gpol AAR of H= FIrE
VAT o2olth. ¢ HiZ+= 2014-20159 &
A 7HE R =2 ZF Ao F 4,000 749 A| sk
WEE LSRR je). T2y AA= o5l
oftlo] Pubg o] §4-8 Fueha Qe 1wt
of chaA slelziolct. Zue] st of o]
Arht HeA) E YR A4S 3FE 4 9
L el At 228 2153 Yol ofe A
3 2AR} W glo] B2E ASEE Hg
AHE BAE ZohaA AR HRE S Aske
A91o) 0@ 1A 71 SR 9o,

225 U 799 A5 A Rsat 20134
o]-88& B oEtHGangwon Province, 2015). X<
e e DL R RS

17%2 714 31 92A7F 451% 2 7P =2 A
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Table 2. Estimated amount of groundwater that is available for use (capacity) and actual water use of the year 2013

in Gangwon Province (Gangwon Province, 2015).

City/county ((1:\233333/) (M[rils;;yr) I%;a/zi)o City/county ((1:\233333/) Use (Mm’/yr) Ratio (%)

Total 2,227.54  217.8 9.8

Wonju 110.629 499 45.1 Yeongwol 135917 8.3 6.1
Chuncheon  137.528  33.5 243 Gangneung 179.628 10.8 6.0
Donghae 32.662 6.7 20.4 Hwacheon 104.094 5.7 5.5
Cheolwon 97.138 15.5 16 Pyeongchang  193.939 10.3 53
Sokcho 16.218 23 13.9 Hongcheon 237.228 11.3 4.8
Samcheok 167.016 222 13.3 Jeongsun 156.25 53 34
Hyeongsung 129.233 15.7 12.2 Yangyang 96.959 2.3 24
Gosung 112.92 7.6 6.7 Inje 204.56 4.8 23
Yanggu 82.318 5.1 6.2 Taebaek 33.302 0.6 1.7

© 2 et FdE AAH o= HH 98% 2 &
AR o 2= Aol A of o] Wi 2 Ao &
= St} 28y R|she T RsE AL AAA
W&t W3] v ALt 24 ¢S
0|3 ALE ] 3o W) T2 EstH
o|&} T YA A2 | Fo]x] At FU:
£ U7 FoRR|gE Al YJstae t39] Wdol A
gHAoln E 2 AR E wfe EFSith 1HER
ul= e edulet4=3(Ogallala Aquifer)
2L Y2 532 7Igs] dEt 28eg
2o} 2L T AT ARE AA|H 0 o)
ulahe] SxHo AUshA 2A4E 42 AEA
= 7|REe. 2 3 IR A AWU7 e AlATRre] @A o
A AR o= §-851A &8 4 Atk 53] vhE
= 7THe ARGl tisiA = BAA Al 52
A-AZAE B3l A8l AbE5E o] 9538 A 7S
ol ol e FFE7IE WS ¥ ke
thH] AehrgS vle] S F= Ao S-asith
A8} (underground or groundwater dam)-2 %]
sfo] B A1) A4 58S ulo} el
£ AP PRES Wi Aibaoz e
A8t 1 moj| A EF= dNbA7EA] A X gtk (Telmer
and Best, 2004; Onder and Yilmaz, 2005). Z|3}4
O] YA AL wi¢ ohFet A4, A, ti
3 A0 w=t 2R AN £3] T80 AL F

o] L FtRSolA FR= BitkE Wke
AetrE A% E-8-5h=tl Wol o]-8-FthOnder and
Yilmaz, 2005). |3} AR olg T Fzo
A& ggo] i HAH|-E= st o, B
A, 2235, dA|go}, Y& T oo F7toA 2§
2o 2 JA|-&F 3L JTHKim, 2005; Ouerdachi ef
al., 2012; Ghodrati and Ghazaryan, 2013; Sehat et
al., 2013).

Sl E o] ojoh Z& Aatdlo] 7%
Hoz mesgln 4A-LYET G R e
A tHKim, 2005; Myeong et al., 2014). -2 teto]]
Al st A E nEFoIAY &9 FU L=
HH A7 g 7= AR iR Fai&
735 A, A& ¢ HokA o olth(Kim,
2005). ol 7| 2H o= Rstd e YA =A% 2 F
FE&I BASE Hole $HFAY, 940l
2 AFAY, BRG] W A F Fofl Azt
Solghal & 4= St} A= o] R|shdo] A=
Aol g7t sk otk ZHHE 3t A
9] A A 3| vtz WA= AskeE o] &3t
U= SHoA 7|24 oz st ] 2-84e e
4= Stk 3 FAA Ao B W2 AT E9S AE
FAdZol et 8= 7Hs/d o] Jlof Helrh

Iy 7l 2 ofEEe Ae divEe A

do 2 EAA G o7 o] (P A5A] 5
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A4 ARAAE 2T 40| cheon, 2015).
o)% Aol $H2 0 WHE vjoata ulw Yo
W47 253 A= ok o] 3¢ A5t
o2 F52 A% (sand storage dam)S 113
g 4= Q1 91} (Ghodrati and Ghazaryan, 2013), 4}
Fo] MA)g AshEe R Qg 747] 3 4118
$o] HE5 238 & Qlrk(Lee, 2015b). T2
2 7= SAE A Fof| gt et 284 of F
= AU R FsH E}F A E ook gt

A3k 9158 (artificial recharge or managed
aquifer recharge)2 & T2 tjjoto 2 tjFHtt.
THFE FYUNE AFEY AE8A F8S
ol & <A Qlrhe.g., Kim et al., 2008; Oh et al.,
2011; Moon et al., 2012). Z|Zoll= A8 X o
Al 2H] ISR T o WP EL P Vs
9] Hg= F7}skal Qlth(Energy Daily, 2015). A
wET} kA e] Qg 49 /EH o R A we)
Boo] 2 H9o] feloln 1A BE A9
A HFRE o8I Bek. ofE AYE 97
gk 2-g-o] 57| YsliA= A5kl A7 35857
A EI(dgF) ol QLolok ek Kim et al. (2005)
I} Park et al. (2015)2 = GE AR =ZollA 2l
TP AL AN DB AYT &
EFFET £LE 2 A9 AT FARIA
P SFIAE FUL 8ol 5T Ao
2 zojo] BT PFAE(pond) o] HA2 §5
57422 olg3he A% ATHY Ao AlmHG
(Lee, 2015b). 2 o] Aol s x|ede] 274
¢ s RFo] A8 wto] wie- Fa3 9=
g Aoz Helth

3.4 E

oA Sl H v Ae)Ejolel BAEe)
P13t Asieage] diste] Avrglt. Ae) Y
obe] mlzgo] YrhEe FEARAY A5kl 9
A& QS A7)7 el A47Hset Asks
919] 0|82 18] 475 Asepelde A%
skt 7} Ao M5 Ao Bejet nA
el A Asead e AUES sl 347
9l ZAE QIglth. St FRA AU
Aol = F4IT 7Ho) ste] Fapgaet 2t X

AR U4 918, 4714 A8S W ek
UUHE 0 24 o] Kol AT ]2 71X AZYLE
3} o] o] )47k H 4Tz B0 o] §= AR
31 gick.

23] 207 AZPEAOZA AW Aoksnd
o AT Tl AshET Qg e
o= glrk. Tt FRE A5 ALY A9 1
Aol A5 FelZ @A BAS ob/12 4 ek
T8 nE Z s WEshs 7hg] fulsh] ¢
A TS AR el T AAIH FAH A5
SAYEAE S5k oo 7]t A4 F Asks
ol 84 W} oo Aol 1 wIE Iriske 4
Slek. Aot AEAFY AL B oS
Hu FAHoE +oX et PES T Bast
Slth. B3] AR ThE HEA AT ge) Faz
A o] FHEe) Fa W) Ao Ae)H, A
Aeta, el Wsky 2ol W Aeolsith. 1)
B2 o] SakEl RS Wete] Zesolo}
e,

HRE S-S R AY WEA 02 WA
27513 AR - i3] 2uAoln FHY
402 A9 A& BHHT ek of2igol 9
2 uiet Fxste] FALH R AL )
W SRS ZHRThT PARS Wrk Zo4t A
AR ST ofe] RAelq FTo 2 [
o} ulgehu] EkE 27 ghh. Foluch g
Fhe Z1Fastel thet 7hRY st ARk o
#17 Foleks Aol Bl AEIFSe] BEH 14o]
o}, olgthel FxE ko] ohe} 18 ol 9
o AP okt 2] Wasith Asket 7t
Bl ThuIgt EFS SR Tbolh, ol o)
£ Fopro] 2 A B4 9159) AN Hoht B
Szole] AeAHY AR AN E A5k
B2 918 S oita Aol Basitt,

s 7)o 2L 7147, WA g Fas
A5k FIA 02 FUS0] Sof et dAjo] uhs
Faslth B SRE A5 2 W] f F4
Stk g BAE SHe ARAVS vn YA
Foll A BHFS AFBItolof Bk o)2 Y3l 2
ghe) WSk Wasich oA Wakale] 7| 3wa)
Aol 9] Atele) mlehet Qo) AES BEY
4 9leh

;
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Ab A}

o] =t 2015 = AR (A=) o A
Yo 2 AT G A ds ol P A7
(No. NRF-2015R1A4A1041105) E3t 20159 % 7}
At istslA shedTRHE A7
(T 5-520150429). A4l AALl AL 24 o
AE waE T g2 YA EA o] BAE=H
Yk
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