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ABSTRACT: Groundwater is not only valuable as resources, but it is also used as drinking water over the world.
However, as the land cover changes rapidly due to population growth, there are inevitable changes in the water
budget. In Korea, there has been a huge loss in natural land among OECD countries, but relatively little research
has been executed for the relationship between surface changes and groundwater. In review, we discuss how the
land surface changes affect on groundwater level. First, as the ground surface is made less permeable by economic
growth, local recharge can be diminished so that regional recharge can affect on groundwater level. As a result,
the peak flow decreases and the lag time increases in groundwater hydrograph as compared to that of stream. Second,
when natural land converts to agricultural land and there are changes in vegetation by removing forests for
development, the increase or decrease in groundwater level can be caused by changes in the amount of
evapotranspiration. Finally, an artificial groundwater flow can be created if urban infrastructures are constructed
below the surface due to regional development such as urbanization. Leakage water from this structure flows into
the aquifer, but this may lead to groundwater table increase and contamination. These factors, increases in
impervious cover, changes in agricultural land/forest areas and urban infrastructures, cause fluctuations in
groundwater level. Therefore, for the preservation of groundwater, these factors should be identified in advance
and prepared by constant monitoring.
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1. ME

ApE A7 AE 4L w2 Yot
2 Q Av(geomorphic agent)7} & 4= Jt}(Sherlock,
1922). A Ei AR, Agke AR A AT
2 oA g 919 AEE 25k d Fad 9
2 FHthSkole, 1994). 1] ZE YO 2 BEX] RS
Al&3k= NLCD (the National Land Cover Database)
S ulgtom 2N Ul £X) W8 Weke g
H, 2001 J5E 2011 d71R] EX|HE=HL 296% =,
162,024 km’o| st W2jo] M3la}gict. 2001
HEE 20068712 = 1.63%, 20063 5-€ 201137}
A 177% 9] Mol Wsket AL wwl P 71t
1 o= AL & = Qok(Homer et al., 2015).
2018 OECDO|A WHEs 2| B ¥3} mUE S 22
oM OBCDZ 7|2 A1 )7} A2 vlpl vl&
o] 66%, 2154l AZE= v Hl&o] 16%E 7]
ZHCHOECD, 2018). AFAR] Ao 713 2 27}
LRoR, 16% 9] 74 2% 9] 2718 Kol $34
o2 2AE1HE Btk o] AE S A& &2
w2 Halslal glom o= A2 = P43
e Sxoltk

A 2] Mgh= QIZF 5ol Rk ARl =
32 G F sholth(Calder, 1993). Alsk= A
AANA Az 88 4 e 78 A F 5t
Lro]R|Rt Q19] 57}, T A4 &) g, AA| 4%
< Askrd 9] d aEe BF HIA|AL 9]
o wj(Wada et al., 2010), o] &= R|5}4= A|AH 2] oHY
dofl A% A1 G 717 tHGeherels et al., 2001).
A} A (natural land)of| A W3St 2| 271 BEE ©
A5 AE F7HIXITH, ol= | F4 f-E(surface
water runoff)#e] 712 o]oj k= AL Ut
HoZ Z &aA thLeopold, 1968). A&
STY 7t Aske FFEY HE st |
2ol A& H3h= Aol o= 2 FFE A
o} wehA, B4 12 wislr} 2s)e gpel i
FE Tk RS A4 A5 22 BelE 9)
3 FR51T). s AR AEe] WPk Kajdeo
o Py o2 G FEA] HAAE B
ot x| gFgko, g A7} %13 Folth(Owuor
et al., 2016). 1993 =A|4EX|28}3] (International
Association of Hydrogeologists, IAH)oJ| 4 T=A] ]|

H9| Xt thF= YU E AT A AIFL
2 A AA Y B2 A, H34t, 39 FollA Ask
o] RES =331 QIth(Vazquez-Suié et al., 2005).

SEA|TE, FA AF R AAIR SR wE A& H
3= A3 5ol oA = 2ol gt thu7k
AAH o2 o]Fo|R| L QUA] ghrt. EA A A5k
72 1960 A 7E] o] Fo| 3ol = E-FkaL 1990
A 7R U A skeAbde] digh T340 L9
AL AP E R kot T Aok AHS 27,
HE=AE, Aot 528 LR 242 o2 Fdo]
ANYE L glom HE EJ sk, 231, He=
EoY Fo=2 FAbEo] glok(Ham, 2010). 2|5}
T LS 7 71N U] B3kl Slo] &%
Z|Ql Te]7} o] TR R ¢FAL }lom o= X519
H37L A A A o2 PEE I QA k= A 9y
gtk dubd o 2 Fof| A o] R4 Tral= EA7F
NEA 2AEAY 53 §2=2 AxE /HEst 3
% 7N o] %9 RSl e E Hs Aol 2ol
FoA otk sRA|TF X 8t4=2] W3}, E3] Aol 4=
A9 ¥ S AvEeY X7 A o]de AE=
g4 o},

AF+7F S7Fekel whet BEX] e 3842 3
A o7k FAlolH At =8 EIFF F7tstaL
7] w2oll, BEX] 95 AH3}et 2|5t 7He] TA| 9
gt o]zt B asitt. o= & &% AlA" gt
olEE = HF AN AL S FHsk=t W% F
K3t} whakA o] =HoA= dle 2 S AHElE
ol A3 e FeE A o2 Al 7HA] A,
1) A #H EF,HA Y ¥ig, 2) AW A8 ¥
3}, 3) A3 ol EA| L2E APPSR LHRo] X5}
2o BAE A H gt

2. X E 9| 2FTHHO| Hat

Q7 S71sHH BEA] o] 850 S7tR AAXE
NEstA =L, ol A& EAS vt 7
HA2 A= SRR Y F7lolth EAI7F A7)
A g 9o 1Y, =2 Fo| AME o] 52 7A
2 Qlste] B4 thA A Z-8-(compaction)2 T
Hrh o3t BHES AR Fregd WF= g
8+S gtH(Carlson et al., 2011). E=A|3HE QI3 B&
A9 F7PF S 7 AL vl A= g
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A HA 7R A Ak (1) B At
ARE vet §2E; () s f9e) A7) Al
(lag time)o] Zrobtt; (3) sF 9] A fFol S71
ek (4) Ashe Aol Ao st HA {3
< G Roldd; (5) A& FUL= s sk
Fdo] L HHTh(Shaw, 1994). o714 A AJ3to]
& 7o) A% SAAAY R AR AA Al
o A& &3t

T=ABEe} SH R/ 7H TA O Hisi = B
A7t ol R on F3igt AHAA SHH
t}. Rose and Peters (2001)= X0} o S E} XS
9] F9E thAro 2 1958 A0 4] 1996 A7HA] A5}
A7t w2 A, 2 A, =AY EA] &
o Ao s Sk vag 1 23 =43}
71 ol WaE Moo oA the Koot
30~100% =2 Fd F82 U ew A A7k
o2 299 50~60% &2 > HFthHRose and
Peters, 2001). Miller et al. (2014)2] AFo|A= o
SHE F HEAA G f92 L2 19609
oA 201072 2] |3 H3} Hlo]Eet s 9]
tolEHE A AwE da, EFFHAY A&y
$2o) o] AU Holo] s fgo] 74
o B W T 22 vk Beirh FfelAle Park
et al. (005)7} Gk fele] Ex]u)2 Wsjol] np2
SZEAL AT, 204 St 3740 EX]H
EE=E ARGt AR AT, 592 24X 5
7het A o) o] YRS ot WA|H o= Ftst
%tk Han and Yang (2009)= AIFE 9= 498 o)
Fo 2 EXolgHiste] e R e
Ast ATk A7 A BA S A F ARFY E
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A EHSh= F2] A, s 2R ed =
A2 A2 IhA o mjste] @Al 2uf o) F7tot
R, oo wht 23 {EF B3 8% 71 SR
FAT AN Aol AT T WS
st AE7h BESUY R YolA AT
Fapekel W} o] A gkl Wi ulw]
soh PsS o, 2 48 AAEe 19 13 2
o] WstaT). $Ewol Yok AL Tl 7
£ Fola, ol ooz SURE 2o P
2 o]oj At} upeba] R|5lr2] 2|3 ok (local re-
charge)2 7481l 3F< & F<2K regional recharge)
off SJ3f) A|skg= =917} Hsksh=d], o= s #|5}
T 9 FAZ sH e 4 FATE o BES
Bty 24, e T #2 A %E SHs)
A Sk A2 fE 0] sH R ER St
olu), 4k AES BE HEZ o] Flo] 34 &
20 HRHE o] o] vle) 3 WA BEH
oHLR 2a). S}AIEE AJ3lme] B9 BESHH]
A2l B ek el sk el ol
woh L S 2 ASATHIH 2b). webA @714
S 2 5 1 ti39] wole At vjaste] B
HSH AT, ERTHE R JolX] g2 4t
ZEA Y SN FFE= 20l °1F3H sl A9
ASrg BE 2 4 ok Hebd Ao B
w2\ sk o3 ol SEZNE ARG AAL
Zon Aol #EZA gL AfEos u
2 w2 S ST olaig Beid gl
S S A9 9l shae A s
o A1) A3 g olofd 4= Glek
A% 543} A 0] BAE olgsio] st
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Fig. 1. A change of water budget before and after the land-cover change. Surface runoff has increased (b) after the
land-cover change compared to (a) before the change, resulting in a decrease in infiltration.
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F 99 Waks AT 4 A, ST g

Asha= A WA PR UATE 23] AT
2] @9t} I ol At dieEo 2 FH
717HA] ekt BR2E AR g2, Asks
ol Msp7} dgsteeiE O Ul 54 A7) of
Ark AFo] BA LS BE4 FhS) wshent
of el 49| g, =A] F2ES B T ot
HBIE uigict 242k9] 9= BE X[l =910
T2 g3re )XW A2 97|02 dAE o).

3. X

=]

9| AlMol s}

E7) e ik oz A4 o) wishg Subsit.
Ard o] AAEAY AAR7F 59 A H L2 Hlst
AL A2} 24 28S A, Z7HA1Y Bk of
Yt S 2H7HA] "SI dA A AlAl= o
A A4e] WSHE A3 glon uehy Ful
A|shpof| v 2] = G AFBehE AL Aokt
& 2 AE =8 Abo]o] TAE Lokgel 3l
%9 3}tH(Evaristo and McDonnell, 2017). Tilman
et al. (2001)2] A= 50% 713t QlF4=} 10|

Precipitation(P)
(o)mol4

Precipitation(P)
(o)mol4

Time

Fig. 2. A hydrograph of stream (a) and groundwater (b);
(Qi) represents hydrograph of normal circumstance,
(Qs) and (Qg) indicate stream and groundwater after the
increase in imperviousness, respectively. Peak flow of
Qs is higher and lag-time is shorter than Q; while Q.
shows lower peak flow and longer lag-time. This figure
modified from Lee (2017).

T A 528 712 10 el (ha) 9] 2}$1%]7} 2050
Wolls 25 53X 2 vl Aok oifstaict. o]
% 2018 )| Y& OECD A& ZYEH 7o A=
1992 EE] 20158 71%] OECD2} G20 7)ol A &
g AR 9] HAo] Zapao] FE WA (636,000
k?) 2} ] Shekar Sk £AE W9 6%
£ 57X 2 vt o 2L o] oA EAE 1
AZ 15%E 71533k 29121 Q== 8%, 3912
o AEYok=75%2 gh=-2 2, 3¢ Et 2u) 7}7to]

L ¥5}8-2 BYtHOECD, 2018). A149] Wish=
ofita} o] w2 Ay, Bot aLA E
A AHE-E 3l Ato] 2| & HE Tk v o= Fast
7 BAR & Aotk A& Al #se =
of Hol= A3} Euk ofz} g X H 2] AA <l
374 H3hE 714 2.7] mlEof Aol tiu]shA] ¢k&
785 oAFA] B3t Anhg 2T 4= k. whEkA] o]
oM A7 F7FskaL Al o] st B¢
E &8 A 2Ho] ojd F3e FEAof 3] &2
ATFE i o Aw ot

A AARTE FHAE NEE = - F A
Wsh7h yebdtt A HRls Aske Ao Wt
oltt. FYEFE NEPA BojE HS 5
A& Woll 2|3t tlrSol 2712 ¢l Eo) TFE
A3 =98 ASAIZIT o] H$- sk
7¥stA e, B o] EQFo A A H o2 g
o] gEo] FUEH R ARG O Z FH o] Ao}
o} B2 R|3kE o] 83t 53ke] H$- 8= <l
3| A5k 9 s W2 vato| A ojek
2 BAIE A2 thKurtzman and Scanlon, 2011).
T WA= A5k S AR 9AE(UE E
%, 2)48) 2] Wislolch WL A7 A7) AR
AL wET} AFo] F71517] o] F4k 2kg0] %
7¥staL, 72tel| B8 ol gt ST o] F
7kttt o] &= 71A] Wshs B3hE o g 283t s
A Q9] & 48k A|AEE WEIA7I o] =FoAE
A3l =4jete] JAE Gopr= Aol FHojnz
A3 E AMEShe B HAE TAL R Aw E it

ArH o 2 FAE 9ol A#E LT H¢ A
Sl 2] ARgEFo] Z71e St ofu gl SukAke] F2
g Z7M= Asle Y A gt 34
oNA kg ARgSEL, o] Wil A3l 2t
A3tthe AL wol] &EA glon B YHEES

i ol o)} 2
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ZAE sHAIT T A9 SR Bl gt ¢l
Al A2 ¥ "ol FA Ao A= Ask
£ Eol&8 AEY A8 5ol AMsH] w2
SHETEN ANGE ATk 10% F=Tko] ThA|
A#G2 FoF A Y] 0% = d7|= F-EH0h
(Moore and Rojstaczer, 2002). Z19HE A= ZA4L
T Ao fAYUY E EUS VA= T 8
¢l % o]t} Kendy et al. (2004)9] Hto)A=
%= &% ¥ (Luancheng County)& thAF 0.2 2|3}
T 9] WskE AT 1909t e 2y &
o= F9A7E 716k, 5 82 =8 57t
of ghEe] o] SR A ojR= Eitol
st o) = Qs RSk == FHRlOl F
2381 =7k 9] Pl FFE F= FEUY
SEANFS FaA7)E 28E A=tk A& 7l
AE Eole o] 7F o] 4A < sfaA ol x4,
U ALEE 2 5 glo] Aol A7 gho| =
oA Az HiZ &2 Iuste WS AU
tho| eSS YT EL T U ER A
AN 20% 2] s A NA ARG Foltt. SHAIRE °]
TS vpo] = MA| Bl-go] 5 4 ol FAHE0l
Aghs Al7lols BYele] AstkrE 5 siF=oloF
Sk A2 7] digoll As] sk =91 sl
G F11 thKendy et al., 2004). w2kA] A
A5 FBA 2 v 22 Aok ANg-Fe] Wk}
AEof o A, v & ST T B
= 845 HIAFIEE AL oA g A Hel
Wt S8 23] A7 A Hofof gt
SIAEES] SHA, A= AASH A EZE

A2 AnE 7HA2H A AlA= EA 289
7|2 SARA gol st 5, o5, wmI

T Y= & ALHA ot HEE 5t
RHE, AFE O AA7E AR Al 9% 1
oF 3] RAMEojgtt). Yasuda et al. (2013)2
Ago] sl 9 W] 9F= Ee A B
AF=d), T= A A9 2)erhi(Liudaogo,
China) 99| #EE L= 4=l ofet A5t
T o HsE Aot BEeE ST
oA A wigtel A7) Weks Wt dx
A 29] 47191 4943} A= Y B0l &
T S AT A3l =7F RobAlE Ae Es)
Atk ol TH FAL Ago] teSol gFE =

offt rr rlo

i

the AL ool B <3 AAdd Fad JTe
S35l QS-S AALSITE A1 BL EoFE AL8-6)
o] A TS o N Kok 42918 U&= 9l
At 5 7He7) Eoko 2 217 3tokE 2 qix
2

Alof
to] &S P&t Jones and Grant (1996)
£ U AR 2eaRe] 5 fof A4S ez
150~375719] Zt<=ol tigh whg2 A8kl AL, AH
AA7 2 A 22 F9(60~101 ha)ofA]
50%, 2 4-1(60~600 ha)ol|lA] 100% 712 274471
kil B 81tk ©]% Thomas and Megahan (1998)
2 22 AYs At 7 AQE AR REES
A1 ®i3} o] 2 90%7HA] 1 kel F7Fetrhar B
o} A A A= A2 F9] skl & #ist
£ 2T 5 glool shel ARolx sl 34
%2 2748 A9 55 22 e] AR 7R oo
4 4 9lk B2 oA a2} 518 AoloA
Soo] 2L e AL Bk weha B 2T A
2H9) Z0 a4el 4ES AASE AL 244
Zlox YR ATkE S S ek

A7t BESFOR Bolk A9, oz 4
Ay 3 o] A|AHTE 2304 AFgFRe] EFS
HAL 8] 533 S7HIZIATE SAl A4
o] A A= FSTAkFo| gtk (Lerner, 1990). w
T ER,SY H4E8S T =9 Y2 23
& 371 7HsAdol EAET olH Y AAAE AN
ot AL ©ed] shtel 245 vt Ao] of
Uzt g3 22 Eol2& B9 fY¥9s S48t
THETE E3F EX7F A2 R o]%of=
9] F7t= 8| Z4HF ZAI7|HIA| o] ThEo XA H
£, o2zt AFEES d53ol 7R E2 ¥
Tt A A5l 9] A, 5 R 4 A5
ARlo] Hrt. 4o M= X & Lo A== AEE
o] sk FrFoll ol P v A=A A et

[¢]

4. X|Z Ot Al 7EREQ MM

EA7E 7R A obe] Therat A5 A
St A)0) Eakael U g 8w A
sgjo] A7|E ASE, SI4E A 5 Tkt 4
So] AT, olefat AUEL A o]z o) F
ol 217] ThE e vlATHIH 3). $4, A
g gL BHoAE Aok 918 QgHoR
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W o]%of X3 Lol AF3fof st A5k 4=
A7t sPshe A BaAoltH (3 E 3a). & 7HA]
A2, FAXNE AFT A A 5 A= ¢
A &S 9] S8 AskeE 20128 v
X2 g2 o|FAIYIty. ATt ofye} B, A|5Hd
= E2 Aeolth o]FA FHH o= R A
sk oe 2= Al A9 AA Aske =95
SHFAIZIT

Aol AZE o] Fofl= YutA o= with o]
o] uehdtt. =AJe] AXE= i U E
E#X|(utility trench)zgl= &4 2& Zre=tH(a
% 3b). ol =g FAOE ol B ¥ & B
£2 71 mel, Azge] ZeH 1 Slele L
2l =opo] Welrh. Tpol Lz o FHI} ug 5
Eofo] B4 AGE HHE o) Tl = F 2o
o] & 3-& 7+ B elekSharp, 2010). ufebA] g of
E8 %= v AEEE Bo] AE Per ol
FZH(infiltration galleries)Z A&t w43 Z}A|
o] # 8 F3l =0l WAUTL o] IS T °lF
5171 % gtk o3 FHES A% ol HE A
8kal 7]1&9 A5l B5S tiAlsks M2 &9
SES etk Tl A AU A AR Y
o] ARG A 7|0 A SR AU3) Ashe9
580] VA2 UHAT B S4ASE 1 3
(HKZ, High hydraulic conductivity zone)< 53

et g9 Eo] olFstal Utk= Ao Wtk
(Jiao et al., 2006). ] &3t 22 =5 O 2 o534
o] =918 Fol=t, gutEoR 79 A5t
Rk eAjE EAoA = EA] A 279 7
=017 2#iE TEo] T EZA] 2 A WA= o
B3 22 BpS-E e & g

oA ¥ v, sk} -2 T(pipe) TR ES
A e 2 &5 WEW7] s AX =R 2
Y02 BA E 3ol 25 335t A|gke
9] "5l G =h(Welty et al., 2007). Trof| A
FEH 29 &2 1 go] st EFFZol W
Sffok= A9 FFFS sl 1= ok Lerner, 1986).
b, AAAX] Aol ARE L Thed] =20 ¥
3} 2k ut o] Fol A wf, x|k 9= S 4
Utk AT EA] ZRdo] A3t w1 7t
2 Q3| theFst =A] 7|8k A| o] A -, X|ek
9] 2 23] F7IRth o|FA 7%t Ast=
SRS SN FH o R FIHE 4= YA Z4HE
L= QT @ HS HRlk EE, URbHo]X] o2
A3t =919 352 whEo] ANke] ¢FF}, EGF @

=
d S EAIE € & Aok

-

548

S AASLL, EAE e, =AE A4

Pipe

» Normal Backfill

Infiltration

> / Gallery

Fig. 3. Two forms of the urban infrastructure. (a) A groundwater table is decreased by pumping in terms of stability
of the underground facilities (tunnel, parking lot, etc). This lead to groundwater-level decrease in overall region.
(b) Leakage from pipes flow toward the infiltration gallery which consists of high permeable material such as sand,
gravel. Eventually this may result in a rise in the water-level and contamination of the aquifer. This figure modified

from Sharp (2010).
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SHHA QARE= U] ARE WA gt A
9] W= & 7] g A om A4y
ol S Tk webA A& £
T2 A5k 9] MES o= AL A HE9
ol w9 Fasith. EAIShE AAYo &S Rt
st EgS BERTHA R vt 0] &
= S7HIIt mEbA diaeF o2 9 f¢jo] A
&g A% AT sk 9 FA Y Aol A
AAZro] F71%et ) A G20 A B3 F
Ao F243 HIE 7HA e Y A o
g B A RSk 9] W52 712 W
7HE & ok Y7 AAEE A9 AEY BEYS
287} Faste] o] &% st 4 A
7+ B4 A AAR 0 v]gf) Sl STtk
Aoty 9= ot B3, BAISE Q1) A&
Lof| TA|7|9E A] o] AME -9 XA S
Sfatel el 5918 Wl ALt ol TollA] =23
2 8} 2971 A5 o] 2A okt B &8
A2sEle] SR Aol 491] kA Eat WES
o 7]of ol 17 BAZ olo]d 4 ek,
ATl 2= o8 A =4 AL A
28 BT olojA] gom, FonE A B A
olck. hAlet £7) 52 wsjel Qake 9] A
ot olaiglo] S RagichE o] @] n)
A= gL ekl Tt 4 gtk oM of
o -2 AR diu]of| Hekgk Holok. g} FAlof
WS ARt 25lE Befstr] ol #3t o]
A3} o] &5 v wsr] oYL, WY 71 Z o A
Algt A o MBS holsh= A B3 €A gt o
AR gk Aok =919 M2 A AE, A|¥ Ast
A Y] FA43 W3 52 o7|™ 5 Jlew
LAEAY Hoj7 RSk ThA] B8] 7F wl¢-
7ithEth Y8 A7E Y A FuREE A4 A
(22429 km)Z o= A 1] Ho|El= Landsat
94 535.9] "utg o3 (Thematic Mapper, TM)&,
9 dlolE= 571EEA BEE-E o]-83te] A ¥
& Hslel X5l 915 ohg Sl A4S Sl &
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