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Prediction of Seasonal Nitrate Concentration in Springs on the Southern
Slope of Jeju Island using Multiple Linear Regression of Geographic Spatial
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Nitrate concentrations in springs at the southern slope of Jeju Island were predicted using multiple linear regres-
sion (MLR) of spatial variables including hydrogeological parameters and land use characteristics. Springs showed
wide range of nitrate concentrations from <0.02 to 86 mg/L with a mean of 20 mg/L. Spatial variables were gener-
ated for the circular buffer when the optimal buffer radius was assigned as 400 m. Selected regression models were
tested using the p values and Durbin-Watson statistics. Explanatory variables were selected using the adjusted R%, Cp
(total squared error) and AIC (Akaike’s Information Criterion), and significance. In addition, mutual linear relations
between variables were also considered. Small portion of springs, usually <10% of total samples, were identified as
outliers indicating limitations of MLR using circular buffers. Adjusted R? of the proposed models was improved
from 0.75 to 0.87 when outliers were eliminated. In particular, the areal proportion of natural area had the greatest
influence on the nitrate concentrations in springs. Among anthropogenic land uses, the influence of nitrate contami-
nation is diminishing in the following order of orchard, residential area, and dry farmland. It is apparent quality of
springs in the study area is likely to be controlled by land uses instead of hydrogeological parameters. Most of all,
it is worth highlighting that the contamination susceptibility of springs is highly sensitive to nearby land uses, in
particular, orchard.
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AFE GEAHAN ARG RE ot AX BEEE S5l vsl Fevie ZAerle] 28]e) ZA 248
NO; F5& SN A 2 B olf B4 AAE x3shs 37 ¥FEe] UFAY AR eR 58%
r:} 359 NO; F5& Ha 20 mg/loln, <0.02~86 mg/Le] WHE B 194 299 Ax7} vl ohesich,
T UFE SATE $4H0E 9% wHE 443y *’7"%‘?5}951-‘9—“3, F ARG AT 7}@4«} %?"é )51 8] ﬂl‘ﬂ'@%
2i5lo) ¥ 400 mE AF YolE sk 499 39 FYEL ppe oSS SAR 248 &
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A §34e] FEELL A7 AAAR] FEI)|
o3t AR} 91993 2@ 28 FHLHrh (Lee
et al, 2002; Jung et al, 2010). <1818 o.dd 23]
FEE e GHFE AHCE NO; 2 Cl9) 5%
7F Fol Ax e % 83 TIPS Btk Al
Fxo] 35 M giEEY A fERE
setghed glo] £28% Ao R Q9H 840
gk Ak LFGEHL] FYol FHefsltt. ol AlF
b §A] vlg] B T4 3R A Eo]
A7l WEeg EXolgn e EThATE Ay &
3} sl )¢ F28ltt (Youn and Park, 1998).
A Aol st delr] wiZR] o fem A&
He NO; v 985y F4XY X 5 EA
ol&3 WHE BAE Aow A ot Koh et 4,
2007). AP L o83 LFHEd Fox 3
71Ol NOw7t A et o)) Fedzql Hejelr
HeEoa gdEol Q) Song ef al, 1999).

B 9 oieF id 84, A% F9 e
TS JEX0E DRASTICH 22 o ek
7} (Hamm et al, 2004; Panagopoulos ef al, 2005;
Cheong et al, 2008)°14 A|g8l=]o] E-gwlo) gt
Akl i Ah 09 dSoiMe dEH3EE
(multiple linear regression; McLay et al, 2001; Kim
et al, 2008), 8l 37 (Tobit regression; Gardner and
Vogel, 2005), EA2E 37 54 (ogistic regression;
Nolan, 2001) & o8] 3R] T2 X85
v, SR Wy 2o EXolds 9F ¥}
ZF 59 A8rt 58 5 W4 ofgd) o] F vk
A AskrRte 299l d3e] o 33
o vEhks AES] A d4 0F dSEe] g
2459t} (Thornton ef al, 1998; Basnyat ef al,
1999; Kloiber, 2006). Ajskre] A4k A 29 4
Zox] Ul AHe] tiEA AlEle Nolan and Hitt
(Q006)2.% ol5 AR I ARE wEeR A
A Akl BRE AR 7)) ERE YA
AR pdsiy). we e B9 we A5

o) GFEge) ek AFxEe] e Askeef 2
AEAE slelsked] o] thEdlyel Heol 7t
T8 AoF vk

ol AFor= Awd ulet LA EEshks Al
= GSAY] £ g Asirl NOy &=

Aol 53} 2 FANAYH AAs} 24U WY
she FOWUSES 59 WAE s DEIARNS
NS BESE T 22 WSl 383

2. 7K

21 X8 2 AE

ATA G XYL Baro] gt AYE 71HeR
g&on 74E J%rh 7HASH, ST 600 mE
o= AHE FAARAE Holed ke s AL
7} kAl AP B4 Btk deiddie &
Aghge] F7lo) &alke TUGE WAEAC 71T
Ao BYNE ol THULF 28 sHtxde]
AGEA IR 2olE e} Park e 41, 2000).

A A37) Fejol QA FE A|4rle] olge
T 4 A=le ke ofs] AR shider At
Ho) 27483y 2 3Iete HIRSt Altielde] vl
374 H4%, AAES, shidA 55%, SEEY
Zo] #£AE SAE ojE Won et al, 2006).
Ae] AFEY] hREE shiez dF7Y, 2HA
ot FEGAzHI TR B 2HEUFE F
HE SAA Yol wE w2 FeAE 2t Koh
et al, 2005). AFE FEHAMEL & AR 3
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FMol MATZOIE BESS] WEe) Aairel &
52 FARL Aol ARE g A Jue o)

= Aoz 278U Y (Koh, 1997).

22. 714 & FExH

At 3037 (1971-20008) 7138 S5AE (httpy/
wwwhkmagokr)oll SJ&PH A-pA|9ef sl AAIEA
o] Bt 7] 16.2°C, QM ArEE 1850.7 mm
2 2 44 2006-20093)00v Ha 71 17.2°C,
et 73k 18981 mmE 254 e &
71 RAE. AR GE BG7Hd AFHEA 3
b AT, A, e 2" 7Y BEAEe)
v HekS W TP e 7123 g 2tk
HAFAGo] 7V T A ISHE o 39
710 el 6~9973 BAFe REiRG 2199
F@o] veRtr] wiFolth (Kim er al, 2002). 974
el Iko] upE Zgreke I Eyel o8 gAY
o Jgoz FLvx 100 m 7t Al 4 241 mme)
ko] Zksle Ao Uehdt (Jejudo and K-
water, 2003).

&9 892 -] W25 (cooling contraction)
of ok A9 Faddel dg 2 £ (lava tube),
S¢EE (lava tunnel) § F8 FATIL BEE Al
Fwe) e ATGe Yol vhS VLTI F 5
AT (Koh, 1997). T Askre AlFwe] 447
Atolol] wheket A8A (clinker)Z3t 2:328]0} (scoria)
57 o] & BFAE Hole A F2E wE #
S5 =M, R8sk Aske fEgolA Fdd
bk s delg wet &5k ddh AFE
o} 7% v E de] B} e el AAFH
of wetr]e] glom Az A7 sdels AH
FA o] B2 &HF 16871 T U7 &
AR Holrt vEhe &Rl A g
(Jeju-do, 1999).
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A7AYe] EYS EA (Soil texture)dl] 3] wlA}
AYE (SiL), "RHEAYE SICL), 52 vzt S
A GE R-Cob-SIL), wH97F e vAEYE
(Cob-SiL), AH2o] Sl v YE (Peb-SIL), 22 (S),
= R-Cob)e] & 7He EddHz 7R
ol WiF-Ee dHH R FH 2Ae I
ol e Y 3 2y RiellA fefe

o Jeju-do, 1997). EHES A5 AFA gl A
Al B2 ABAL ZEd AR At e
FA7 @GR 600~200 m) AEQ] A BF F&
EXo] ¢F 60 cmE Vet (Jeju-do, 1997). UlH-E
o AR} B Y GlEas 200 m)d
744 0.5~1 me] FEEAC] AAjehs WHL 304%,
1 m o1} fFHEENe] A shs WAL 36%8 H%
A 9 elalde] B g g TR He F
g EAS B3t} (wwwasisrda.gokr).

ArAgo] TEle MAXAY EXAEE 714
9loF7} 43,802 ha, =3 g TEH AAHF
26,562 ha, TiA] 2 3482 59| A9r14do] 6,059
z=o|t} (Jeju Provincial Government, 2009). ¢
2 AAEA oF 305%= HArdS T Po)
BRony =] HEe 06% vTeltt, 21 @ ZAE
Fgshe doke A4EA 2 AN s of
300 mE 7IEoR FEEY o) drxYe] A8EA
< kg gy,

g 2 re

oS

3. ATy

3.1, 83F9 NO; 8 AE

SRR AMSE $359 NO; sEAEE AFE
Y& AP Bxsle & 3948 23Rl 2
o} 7ol oSl EAEAE F 394l e
el wieh A 34 EIEELE 600 m o) 8
A, AT LA @GEIE 600~200 m) 6714, St
A 235 EIYIE 200 m o3 257l&E R
Fig. 1). ABEANF A71E Z571E 20093 4~64,
F7)0lE 9goltt. Qe A7l AP
# A EE Jung et al (2010)°0) AAHe] Slch

AFA G LAFE At gagd wet Aske
FEHGIN BAshe B9 vhg 2 AR EER
o fdel Q3 &= FER F] TPl veRdrt
Jung et al, 2010). AFELFAS] FYol TWE NO,
2 Cl 5% F7hs WE Askee] dYo] olFojxe
ARGl A EEAN wet o] vEhdT wiet
A 83542 NO; 55 dFM I7hare A7AY
o] A EEA I} Agslolol ape 1w AL 7

B FAEAL BEEor st dEEAENE AT
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Fig. 1. Sample location map.

AFAHE 2Elsted EAol4 (Land use), EYFH
(Soil type), A1¥ 74 (Topography) EF4 = (Soil
depth), 5% (Flow rate), L5 (Elevation)® AR 3}
St} (Gardner and Vogel, 2005; Cheong et al, 2008;
Kim et al, 2008).

FAFE o]88 £359 NO; 55 &g Sl
Aol I7HE dFgHo] Jde WS Tetslr] 99
L35 RS 4o ke wAe 7= 9F
HH (uffer)s &3l A ¥+ AANE 2AS
71993 wime] ¥S WS OS3HEAS A4
8}%t} (Eckhardt and Stackelberg, 1995; Kolpin, 1997;
Mclay et al, 2001; Kim et al, 2008). F7HH%9
HHE Qs AFSEAN T SN A
e BEAOIEE ¥ EYEE ojgder RE ¥
Zhispo) oiek AXARE TMEEAS $5988 7)
o= AR

N

33 GIS 2ME B3 e+ 4y

Won et al (2004)2 =X} AEde A78 A
oA R)3lre] NO; £X Y] EXolg Hale} &
& AL et B33l vl Qi) ol EXA|o)
& o] ISR AR o) Ex)o)lg-e 37
o] 549L yelsiorsitie g AR w4
TAG EXolg Hre A7AY S350 FAE

4 2 3k g FEEE EXolg AL 1)
o ZA F5U0), = EEF), dHNAR), AEAG
Moz 539, J4e dutzdozs o xdly
o sistAge] EXolg 548 Ege o vP B
& Exo}g WA sFslr] vl o]F ¥xe E
Aolg Wgw Rt = AFwdr HWao] uj
Z7) gl e A9 wy sz Bilst
shie] Exjolfe] W4 g3l A
FAR], ANAEA, 2 59 A9 AEg AR
A% A 2 2AE stz s EXelS
W2 ol g3isith. B e E4¥ee d7AY
o] EFgele] B4 2 BEE XA A
slo] v bESES) vAPAASEE S1, B0 A
 oRHREYES uiert e RHEYSES S2, A
o] Sl VAAYEE §3, o}l FhlglE 4B 7
Bl Exol4 2 ESFuH] A3 FhESFE
GISS ©}g3) w3 il NenEDAE B3 &
o7 A W] A dlsl & v WA djg
Hlg BAEN ol g3tt (Fig. 2).

AYFHE RLE RS 2E5EH] 1 A
27t BT E ASFHo| AskEd, 39 AFA
At Fel Aol uje} FgASe) vkpige] st
E 29 FAHAE A (Lee et al, 2008). A EH
Sukale gol 4HALS Holn ol Q@EH AY

a8 B e

Ly

¢



Fig. 2. GIS maps of spatial variables used for multiple linear regression. (a) Land use, (b) Soil type, (c) Topographic relief,

(d) Soil depth.

F= &9 e Jepdt Hamm er al, 2004).
web AFpulE SEEY] AR 9L F=
8102 shte] FMFE TR 4319
o AFA G AFFMEAE S8 10 m (HEe] §
IAEE 01831 GISPIA TINUAS B3 A+
go] IEARE FAXEAE DEME WHikslar;.
FRATEAFEE T 30 mx 30 me AAE w3
% o XEEe AR Haas s vn 93
o} gyu) W= AMRSIET (Fig. 2).
AXSHEHL B 53l A0 533
EHGE ogt mAFA 23] 43 2 5 v
oz SleElA Hck gkl A B
< A sl o)2A Ha mAFdEe 9§
AFLHEAS] o]F 2 HA G A (KIGAM,
2008). olz EWH e} dftElo] BRIt ZE5E
AR PEH] Fito] tURitl= EAL Holng B
PHEE it 22 NXQPEY AFWIE AA
3l FRFE AR 88 5 g R

2t Aeisinh. BERNEE GISolM zHzke) visu)
ERET AR sk BAHE o] §ate] sy ud
B BT ARMS B3 tEsARA el ARG3t
At} (Fig. 2).

34, CIEMEE|HEN
341 246 e

=3t
A0z M2 RS 20 e AFE 7k Al
£ st 5y3sy] 9 BAF et oW
ke F= HE4E SYW<S4 (independent variable)
= MWW (explanatory variable)el 8l x2 e}
e, Sl o8 &S e HTE FEHT

(dependent variable) o= W< (response variable)
2 3l y2 Fddt). $5E vl S vAe
=47 I AL dFAFEARELS A4 (D
2 Jepd F ok



¥i= BotBrxiit BoXait 0 Py te; ,
=12, ,n @
;- th measured value of the dependent variable.
X2 Fth measured value of the response variable.
By Regression coefficient of the population.

£ A error value of the -th measured.

CEAYHARYE A3 49 qlo] A Wet
Holq gow), ¥ 7 A7 BA RO 24 ¥
T BN R PHoR, ARATAS F%e F
£ AP 85 2] dRie Wbk w2 A
A7) BE TG i 242 TFsail sk
5 ke A7sehzoll 4893 o (Kang and
Um, 2007; Jun et al, 2010).

o AT A3 ) AXOHES) K9P
o] oJugt 2o o3} AuEEAE Dohr] 3l
Foue A5 ) AEPBEY AL sk
M 85e] NO; $E(nNO)E AFeiten], 59
45 FOEF BRSO, E R N), EXEH
(81, 82, S3, S4), AFul(InTopo), E¥A =(nSD),
SE%(nFlow), €357} £33 I=(InElev)E 24
sol DEAARLL AN ol FEA5Y
NO 5% 2 SYusd 1%, §5%, A%, 5%
AR F 5 8] Belel A8 2E) A9AE 7
2AP)TA Ad2INE Asled THEIAAE WA
Ak EAolg 2 EFFeho] A §94 W
37k ==l A7)e] ghol iR WEEo] 3X) &
of AAzE H5HA) QT DEHAEAL 9
s SAS 928 AHESIET $AFE FHOZ Wl
WANSIE Fol 04 Rl Uk W% 2
F7A57} e GRS sl LokuA s,

342. 28 7%

EE Egisd ofs 98 28] AgeA] do}
B7] 98] FEAE olgsiglen, Ry {ogts
(significant probability)e] 0.055 71&02 0o =43
e HY4E d9sle 28 fositiy Avtaly]
o} ol AR FelgFol 0.05 ol A9 3
ARFL FAPA ok 73t sid 2y #s)
o4& 717kl Kim ef af, 2008). o3tz dgt
d 239 B 2AE0) M EYFold A7

E e AT 7S golny) 9
s C¥l.8= (Durbin-Watson) EA%-E )88k 23t
4E Al RS Al oyl

r

& A
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o} N2 228 AE v B3 o¥l-SEgho]
& FHAAOM S AHBAGDE AFA=A A
E gokE B 23] AL AoEArHKim
and Lee, 2008).

343, 5¥ W A9 4y

2¥e] fol3E 9 22N S T Fgsich A
He 289 3¢ ArgeR o et 3
< 9ujg 2 7} W] feld s AR AL ot
wels) fel3t BEo Al A SHETT} felA
AEL 538 sdshs S5Hs Ui H3e 23
Agslolditt, o2 sl FEAPAT (Ad. R :
Adjusted coefficient of determination)s& AH&She 3
A2 gAS AHE B8 idshe 2ol ovg 7t
= 8 el Mg 489t Liao and McGee
(20037} AIRKet FRAYATE AMshs AR AS
Al e Q] HAEl ARAe (forward
selection), T2A AR (backward elimination), TA=A
e (stepwise selection) Tl Bl HE3t H& <
238 FAse glo} 7 EEAQ] HaAEE
o5 g#A gt} (Hong ef al, 2005). FIERAS
o &3 FAYE (2= Ve 4

_ SSEAn-p-1) @

Adj.R =1
SSTAn-1)

ol n& ®Ee] Z7], pe EYRF T, SSTE
FA5Y, SSEx LAk EE njsitt. FRERA
FE AHshe AUAPAS AgEe ZE /RS g
ARy gzl FAARATE Alele HHoE 2
AAS R? : coefficient of determination)s AH-51=
HjZA AT Aol AREE w5l $498E W
ot} ole ARAGTE AMrgshe AR AF A9
Wl vis] FAH3 dyse] F7) Te ZE37)9)
Aslol) wizbskA] gol o Ve BE&AE 7L STt
nEr] SEse] Skl e HEEe] Ay A
=& I 34T 5 e AE A F dtt (Liso
and McGee, 2003).

7} wEd fo)3 S Ade) glo] e
£0)7] S8l 7R AGAS olfolx BF Xge] 7)Fo]
Hie EAH o315 (Co=total squared error)
# 3 AEx e F sl AIC (Akaike’s Information
Criterion)® 7 zajslsiv) Mallows, 1973; Akaike,
1978). olaf Cpe} AIC BAIFLS M2 e SR



e B AARS) DRHFAS olgE AFE USAR §A59] AZPE Y Bh BE of

o3

Foixl mEef tial HA ST A4 vl
olgsien, T By AP ATE B&F
Cpst AIC 72 2S5 HH3 sz 724
Byog FrIsiRt} (Helsel and Hirsch, 2002).
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344. 708 EYASe] feold 44 9 dyy et

FREAGAFS Cp, AICE %3] JHd Eguay)
Ay AT e A AFETh) e
osf myo] AHY &S Bole AXNY ¥ 2
AAFE zhet), ol2|d AR EYNSE Aol o
Z347d (multicollinearity)e] &A37] Wjizoltt, 4
4 AARAG o3 A" HARFo] 1AF =g
T e F4hgARIAt (VIF=Variance Inflation
Factor’} >10, 73} (Eigenvalue)7t <001, 27AF
(Condition Number)”} >100]] 7% thag41/do] &A)
Rz ZloR gdaten) g Hae R¥x A
AFt (Kleinbaum ef al, 1988; Kim and Lee, 2008).
ojg} tlEol B MUY SYPHSY Folggol
p<0.18] A4 FAFHLZ fofsitt Bt
(Bauder et al, 1993). 9 AL BF T3l WSl
tisle] EZ3l 3PAF (STB=Standarized Estimate)
= ol $Ho R HHEFA AYs NE EPWF
7} EEE40) Ahd TR 9uE F9EE e

#) shershgct.

3.4.5. o)A Zek

A FHe FPESE o8 NOo =4S
o slof /N §AFE dhte FEAUTY A= 59
R o|Foi7l ] #ARY & & Utk AF
EolA §Hge AL U AskeA 72 F 2
thel 2ed Tl W Ak feAEr E
SRR T8 F Ut 53] d7AGY Ay s
o MAEST 2L BFrFo] Btddes s
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i

£

ot opuje} xgyule] Wyt A, s-eke
o] gle X¥d EAL melvhe Fox] 54
Aol 7S 02 £H5ES v 4 48 o
A& 5127t YERE k. olEe el
FETEE e S3ge oyl M A%

F7hHpel 28k NO; §% oo Aoldt A&
vepd 4 ke "olA Cook’s D A% 93]
ke olgste] MA 2ol 4lzlsE ZpolE AT
= o] xE MAsgTh Cook’s Do A S E3

r2 2
o

) .>% rt oo
ol
BN

o} oA Ags gozs 7 o
AR, FFAEE T oFH ]
AR7iEe 1535 A9 Al Rstudent : studentized
deleted residual)’} +25 243 #AFXE XFS A
9 AR 428 F4E FoseEE g I Hat
Diag H)zto] 1 ®|%}, «}&x}o] (Dffits : Difference in
FITS)zol 2 vk, 3|HAS Xfo] (Dibetas : Difference
in BETAS)zk] 2 w9k A] ole J8¥ & zhe ol
27} opde} Aeraigir (Kim, 2000).

41, BH%ol NO, 24 E4

AR S3pe] 447) HBaEF NO; B=E 20 mgll
o]5r, IAT, Fat, SR 1.0, 3.1, 29 mg/L
ojth, E7] Wit NOg FE+= 19 mg/Lels LA,
N7 djekxe] SAER 05, 0.7, 29 mglelth
(Table 1). FA17] =9 &3¢ S49 NO; 5%
E FHFEEETN W77 iy B F0E A
2 A= Ao YT AAzaE HAs o F
Y #5s EEe 3t Jehdt (Fig 3).

Koh et al (200944 A8 AFw =jslee] A
HOoFEE ISt B3k AA SR NO; B 718

Table 1. Distribution of nitrate concentration in springs (mg/L as NO3)

Sampling period Summary statistics total high-altitude mid-mountain coastal
min <0.02 <0.02 <0.02 3.88

Dry season max 60.4 2.30 15.5 60.4
mean 19.7 1.01 3.09 289

median 13.8 0.78 0.10 245

min <0.02 <0.02 <0.02 0.42

Rainy season max 86.2 1.76 3.51 86.2
mean 19.0 0.49 0.66 293

median 14.6 0.20 0.05 24.9
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Fig. 3. Cumulative probability of measured nitrate concentrations in springs. (a) the measured nitrate, (b) taking the natural

logarithm of the measured nitrate,
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Fig. 4. Distribution of nitrate concentration in spring waters on the land-use map.

6 mg/Ls} V3l thREe] SR S35l o
Fol Qo] 43| BA Jehdg & F Utk NO,
o] ¢ vl Al vehls dlEHQ AF L
FERAE AFAGM N0y ¥EEXE I5o) np

gt TRHE EXolgd B2 494e dete Ae
& 4 ok (Fig. 4). oj2d A2 ¥AAS FA4
Aol thiF-E& AAshe siNge] 548 wgshe
RAez sshlg, 712 viE 3 Adshr T &)



A7) F2 AR DAL 0|8 ARE USRI £a5e VNS AW Ak B

A5 o] FAH L AN,

MY ST A F AZIER AR NOy
TEE Hole $AFE AR F AVER Holg
Holz SHTER EAlgi). oYt ol £+ B
E Az d9E Wgshe Ak fredet kst
o PFEE APl Wtk Askrel AR N

2tk o k. IYAE B7E Sy &3
T2 AAQ AR EAY] FUe e g
= ot ZT R T4 o st BAE Bt
(Jung er al, 2010). o83 EAL 20]22 NOyt
Ay oz SHIE W Bl F2o) o|Fo]
AR 7] WEOR FpAe] L& AT |G A7
S AR} T xlolrt AHH o7 A%
LFEAY A Ul KYS A3 F 5 o
(Brady and Weil, 2002). ol AFzolA sz
o] ARERRE A QAT §71d HF ARRES
Fnlh Z7tehe AZ Eohl NOso X&) 27t
oll et NOsS A3k Ul fye HIE AFA7R
the sl o dFgo] AR Aoz Al "o
(Jeju Provincial Government, 2010).
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42, SHEN Az
4o o188 KE iy wdel ) BE Sgus
g 3% 239 §o88 (pvalue® 005 o152

Table 2. Results of regression analysis using all variables
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AFoz #o3d, tWl-st<= HAAX] (Durbin-Watson
statisticr= 35Tt 2o} ZxZE A7 PFRA ] Arke &
4 Utk (Table 2). WepA] NO; 5% oo HAT
TS o83 TFEARA ] At & ¢
Ut $HZAASG AdEabist Cp, AIC SAIFHE ©)
g3 EAol fog TS MgEigen, W
FAFE (pvalue)dt HFFAA (VIF)E ol&sld &
ARoR fostHA WMk Aol EAlsHA &
= A3 IAARFE L AAEA (Table 3).

T Al719 FAEELE Wy v AZgyE 484
AT (Ad. RY7F 718k 548 B (Fig 5).
ey 4F e 49 Wy vo] AZFE A
AE fF EXl tig kol ok 53] &AL
AGH o] AAETE E AGlME 315
AL S-S5 FF & JFE T B ook
wpa] oyl AN E FRARA T FTReo] 2
3L 2 gkol 0.7 ool He Hawk
o2 AT og VEeR F
NO; T% dZoA F Al7]d] FFHeZE A8 7ts
3 HZo| Wy WL 400 m2}t B £ A71¢
W w3 Cook’s D FAIF oA AEe o4
3 UEld o)Xl P £-ee AU VH, F
A7F 571, S PR W R RjolE HA
T} (Table 4). A9 W3 ¥l 400 mollA] o] 4=

o

il

b

)

T o
(% o

=
3
j)
fljet
o
do

Sampling period Buffer radius (m) R? Adj. R? F p DW
50 0.597 0.427 3.50 0.0042 1.821

100 0.703 0.560 4.93 0.0004 1.831

150 0.710 0.570 5.09 0.0003 1.660

200 0.749 0.628 621 <0.0001 1.933

Dry season 250 0.750 0.630 6.24 <0.0001 2.028
(n=38) 300 0.832 0.752 10.33 <0.0001 1.952
400 0.851 0.780 11.92 <0.0001 2.141

500 0.845 0.771 11.38 <0.0001 1.981

750 0.860 0.793 12.82 <0.0001 2.102

1000 0.829 0.748 10.13 <0.0001 2487

50 0.647 0.503 450 0.0007 1.668

100 0.687 0.543 4.76 0.0004 1.710

150 0.668 0.514 435 0.0008 1.754

200 0.701 0.564 5.09 0.0003 1.947

Rainy season 250 0.737 0.616 6.08 <0.0001 1.940
(n=39) 300 0.784 0.685 7.87 <0.0001 2.085
400 0.834 0.758 10.90 <0.0001 2213

500 0.816 0.730 9.58 <0.0001 2.038

750 0.818 0.734 9.73 <0.0001 2492

1000 0.810 0.722 9.24 <0.0001 2.586
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Table 3. Regression analysis of the various circular buffers using significant variables only

Sampling period Buffer radius (m) R? Adj. R? F p DW Significant variables”
50 0.541 0.500 13.34 <.0001 1.700 N, S4, IsSD
100 0.683 0.645 17.80 <.0001 1.794 N, S1, S4, IsSD
150 0.635 0.615 30.49 <.0001 2.055 N, InSD
200 0.713 0.678 20.48 <.0001 2.017 N, 81, 83, InSD
Dry season 250 0.730 0.697 22.27 <.0001 2.078 N, S1, 83, InSD
(0=38) 300 0.755 0.726 2545 <.0001 2.100 N, 81, S3, InSD
400 0.794 0.769 31.78 <0001 2302 N, $1, 83, InElev
500 0.821 0.799 37.81 <0001 2.220 N, S1, 83, InElev
750 0.852 0.834 4733 <.0001 2.071 N, S1, S3, InElev
1000 0.813 0.791 35.96 <.0001 2.287 N, S1, 83, InElev
50 0.598 0.563 17.35 <.0001 1.638 S2, S4, InSD
100 0.616 0.583 18.72 <.0001 2.029 O, F, R
150 0.630 0.620 62.86 <.0001 2.183 N
200 0.655 0.646 70.36 <.0001 2.197 N
Rainy season 250 0.671 0.662 75.39 <.0001 2.194 N
(n=39) 300 0.698 0.690 85.43 <.0001 2.191 N
400 0.741 0.726 51.42 <0001 2.287 N, §2
500 0.748 0.768 38.61 <.0001 2.191 N, S3, InElev
750 0.792 0.774 44.38 <.0001 2.054 N, S3, InElev
1000 0.776 0.757 40.49 <.0001 2.035 N, S3, InElev
YExplanatory variables were selected for those with p<0.1 and VIF<I10
1 1
- (a) (b}
-
0.9 . . . 0.8 P . ® . .
* « * . . .
08 » + 0.8 e * *
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=4 *+ + & . + + +
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< | e <
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0.5 e After removing outliers 0.5 |-+ + & After removing outliers
. L
0.4 i ! 0.4 i H H { i H :
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Buffer radius (m) Buffer radius (m)

Fig. 5. Coefficients of determination for various radius of circular buffers. (a) dry season, (b) rainy season.

2 Ve 834 297 C7, 7] (7, Cloes
400 m °]9j9] Wy A AP T A)7]e] o)
el B3] w¢ A Jepd S & = 9t} ol 43
FE FHoE s v W 400 mt AEAGS
HEY 5 e FHo FENYE AN E

A wH dgoM si7idlel $AARAAFE o
BAE AAs AEYE 2R B A4 Jeht
FAFE o183 N0y B¢ Alz|ye} &}

=2

2 AP FzrAsTE AR 5 s 49
& A7) oF 85%, E477] oF 84%= £35e] NO,
X oZd Slo] A3 & FEYL ¢ F Ao

2=
A718 B4 @3), @9} 2

Dry season (objective)
InNQ; =-3.822 - 8.727(N) + 4.812(S2) + 1.389(nSD)
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Table 4. Removed outliers to various radius of circular
buffers of dry season and rainy season

Buffer Removed outliers
radius .
(m) Dry season Rainy season

56 H6 M2 MS C22 M2 M5 C22

1060 M2 M5 M2 M5 C7
150 M4 M5 C7 C24
200 H6 M5 C7 C24
250 M3 M5 M3 M6 C7 H6 M3 M5 M6 C7
300 C7 Cc7
356 H6 Mé C7 Clo Cc7
400 C7 C7 Cio
500 M1 M6 C7 Ml M6 C7
750 M6 C7 M6 C7
1000 M4 M6 M4 M6 C7
+ 0.461(InElev), R?=0.848 3)

Rainy season (objective)
InNO;=4.892 - 10.316(N) - 2.263(S1) - 3.981(S3)
+ 0.561(InElev), R?=0.843 “)

oA AA A FARYH AA F AR
NOz9| FEEX) FFHL 2= FhFE AR
o7 S(Y 7MY =& EEE SAAS e B9l
o} ol 2R ge] XA Ee WAl 45 N0y
TET Fatithe A8 ArEhe AR AvA|gol
BE B ggteg ojfoldlen yiwd w
2} HEEE EXlo]] BAS melte He 1HdlE
o L3¢ 2 Q19 Egkelfd] W2 AXLFE
Aol Azl ol olEo|FE Hetd 5 k. &
AAY o ® B2 ¥ nXE e E E
FFEHZ S1, 82, SIF F Al7IS oldx AA HAE
9] AR 2Jo)2 Mol Uehdtt, #FE 3
AASFTY 09 B3 v St EXF 94X F
2 Aol sdsty #Esl S AATTE F+H)e F
& uE S17 S BEF YA FE Y]
o} ole EYFEHIF A% zlold] 7]dd Fgrrie
gy Exo] JIe evhe AS dnjEke Ao
2 A9 B EA4o] APt gt anvt =
< AGYFE Befighgo] B, 7eA% Had A
AollM mrte}l HEe] o] A U Hol wdd
& 2 4 Ut (Jeju-do, 1997). 159 EE3 FAA
FE F+)e #3238 vo] Imrt BE4E N0 5
ot 7V AXST 3499 £33 200 m o
ake) sk o] WFE o] Y3, FAHAFele &4

b~
off
i1
i3
kN
—
=
ot

F7b AY FAEA de Il RS v
o ol ZAXY AABTh= A7 2 A
200 m °]3ke] sikAGe] EAS
o}, Jung et 2 (201002 FY ZARYAAM I= 25 m
ojale] sE £RAF7E 29 BAY gagl Hls
ARG EH FYUEAl 2 Vel o] AAA
Aol 7198 7|HR| sk HF Sl whe SME
HE Wk AoE M vt glck, o AellA
AN ARG AF5e FEoz JHAsEY] &
e zElekAl 3. getA, AX e E
frEot EA olg o] AR 547 A d4
F7re] ARBAE o "] ] M= sl
ol AT S-S5 AYshe Zlo] T2 Ze=E A
At 2, SijiX| ] EX] olgo] A HAe
2 Q19501 Ao AAY AEDLRE AAAY
< ¥3kele vikst g7 G W] oY
o} wEl o el Aol SR A o]
2e AA ABE E8si%th

Eokiro] B33 AATE ) FIE Fol
o] wa Fug| o) AR LFEH] o|Fe] =7
the gubEel 5L WA Yeth 87A94
7S¢ EY UFRe SMIBERZ A= o] HE
A7} vio} F2jo]] digk Addo] won IS5
Fado) wot ARV WE 548 Bt A
THYS o FEAIE 8 ATE A BEE
AR 8 4 Stk

1% to o2 @ 2
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¢
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o djs] shetsiaatt (Fig. 6).

IR 2450 Heel NO; 555 25719 471
25 7P B £ A 3E$ 0.02 mgl)
ozt w9 AR 3kE et (Jung ef al, 2010).
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Fig. 6. Distribution of outliers removed from regression analysis.
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o} (Gardner and Vogel, 2005).

LT 300 m 129 FA A Ag Uy
£ 3 WA oA R JeRdt, o2ig 3
& AT FA 157 BES YA B
S FErha AlE. 47k A9 IR Y
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&t} (Fig 4). T3 A7AF A3l 45
J&73AME Yool ule) E-9hauksoll o3 21
AE54E BT (ung ef al, 2010). whEbA
BRAF7F B2 9RE 71FEo2 AP
e s S0 Bdad s Fbasrt
AWV b SAIE REFET & 5= ot
12 A39 s 84dF T Cr2 tiFE
H W0l o AR AAEY. C79 BS- 2
o] ThE A SHFES g 4479
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A} 37k ABe] UEAAENE o183 AFE EEAR S AR

NQ; o9de A3 478 438k 3shlg, &
Fegd, TEA A7ES Hio o £ FFE
W A8V} ZH) 52, 24, 19%%E HAFQ ole
Al NOgell thsll slshil o] 7ledrt Eohe RS
AAEE AR 43159 NO; s 93e 3

B e ARG EDE 994 EXol8de &
4 Juk, oo £HL NO, FEo] %) dA= 7)

Al FAF F 7P 5283 A9 EAolg7e)
oA e zole] ke 98 EXolg F A
Hg Aty HHo vy W 400 mS LR
FH590), =/EE), TA 2 ANERE WEE 9]
gt oA AA olHH o] EFHS A3} 3|7
4 313t (Table 6).

AEAE AR F)E8EE 0.05 o3}, AdH
He) KO8 0.1 o)3}, tEaA 10 olskz B4
Hog freldg ¢ & Slvh AAE IHEFPLe 4
#H 71l ot AR vls] 0.041~0.03¢]
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= W7t AR Gelx A she WA HlEehe A
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Dry season (Land use)
INNO;=-4.494 + 8.474(0) + 8.853(F) + 6.474(R)
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Fig. 7. Comparison of predicted and observed nitrate concentrations in dry season spring waters. (a) prediction using the best
regression model before removing outliers, (b) prediction using the best regression model after removing outliers, (c)
prediction using the anthropogenic land use variables before removing outliers, (d) prediction using the anthropogenic land
use variables after removing outliers.
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Fig. 8. Comparison of predicted and observed nitrate concentrations in rainy season spring waters. (a) prediction using the
best regression model before removing outliers, (b) prediction using the best regression model after removing outliers, (c)
prediction using the anthropogenic land use variables before removing outliers, (d) prediction using the anthropogenic land

use variables after removing outliers.

+4.817(S2), R*=0.813

Rainy season (Land use)

InNO3=-5.568 + 8.79(0) + 7.471(F) + 9.39(R)
-2.896(S3) + 1.166(InTopo), R?=0.806 (6)
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