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Analysis of Non-point Source Pollution using GIS
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ABSTRACT: Despite the widespread use of GIS over the past ten years, it has been
limited application for regional modeling of pollutant loadings such as sediment,

nitrogen, and phosphorus(non-point source pollution). The goals of this study were to:
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select important processes and parameters of watersheds that contribute to non-point
source pollution degradation, develop a ranking model to use the environmental geologic
data and verify the model by comparing results with existing water quality data(Chung-

ju Lake) for specific watersheds. The GIS database consisted of topography, geology,

soils, precipitation, rainfall erosivity, land use, and watershed boundaries. The index(NP-

SP) for assessing non-point source pollution was comprised in the following three

seperate components: soil loss index(SLI) assesses the potential soil erosion and sedim-
ent delivery from field to stream: run-off potential ratio(R.P.R) predicts the potential
production of surface runoff; chlorophyll-a index ranks the potential manure(animal or
human) production within a watershed. The GIS model was a valuable tool to assess

the impact of environmental pollation in watersheds.
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Standardization and L (field data, boring pollution analysis
Digital conversion data, surveys...)
(Data input) O Tabular data
T O 3erial photography and data layer source data
Satellite image data
presprocessing | | O Lataratory doce AYE | A AN99,33, 94,99 (150,00)
A BA B, U 34 44 AH (1:50,000)
———Vector data
3 . (1 ¥
" Y5 (37342 AY, 99 (15,0 3UEyE)
t—Tabular cata .
Environmental Geologic -)'L—}' )‘4-5' 1]’6'5.(1-50,0“])
Spatial feature Database
draving (GIS feature database) Pictures ')1:7’ qz}‘ai ZI%E(]SO,W)
EEqE % 2(1:50,000, 1:100,000)
Raster data ‘—{Text data
AR RBE!  REARA(12,000), % E(1:50,000)
O Gis function: “— |O Environsental L el AYE(1:50,000)
*+ Map automation i— Data processing and |- geologic modeling:
+ Data conversion Analysis + Slope stability ‘}%"'E XHE “:50 ow) 34’%*}%'_(1/20 W])
» Database manag analysis, vov ! ' '
+ Map overlay *+ Run-of{ model Holak ot
- Spatial snalysis & flood analysis, 1494 ™ 44 (19914 34)
« 1 fve d Dat + Groundwa: fl
pirpivebnnd I ks comarmanion || FAOBE | M4, S, 00), A5, 00
+ Graphic editing + Geotechnical
« Address geocoding analysis.
+ Network analysis
+ Feature annotation

Fig. 1 Environmental Geologic Information System
(EGIS) (Kim et al, 1994)
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Fig. 2 GIS strategy for non-point source pollution analysis
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Fig. 4 Non-point source pollution in the study
area
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Fig. 5 Run-off analysis
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Table 2. SCS Curve Number (AMC If)

hydrologic soil group
- land use AIBIC D
Vegetation(dense)| 25 | 55 | 70 | 77 |
Vegetation(loose) | 45 | 66 | 77 | 83
Field 62 | 71 | 78 | 81
Rice field 72 | 81 | 88 | 91
Grass 3058|7178
Residential area | 77 |85 | 90 | 92
Water 98

(SCS: Soil Conservation Service,
AMC: Antecedent Moisture Content)

Table 3. Curve Number (AMC | and i)

CN Corresponding CNs
Condition II| Condition I {Condition III

100 100 100

95 &7 98

92 81 97

91 80 97

90 78 96 i

38 75 95

85 70 94

83 67 93

81 64 92

80 63 91

78 60 90

77 59 89

75 o7 88 |

72 53 86

71 52 86

70 51 85

66 46 82

65 45 82

62 42 79

60 40 78

58 38 76

55 35 74

50 31 70

45 26 65

40 22 60

35 18 55

30 15 50

25 | 12 43

(CN: Curve Number)
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Table 4. S(storage) value

N YDROLCIC SOL CROVPN S |
land use | AMC x
Al BLC|DIALB]C|D
Pl s s (B @ um
Vegetat
B s s 0w m| 7w
(dense)
AR R AR
R AR AR mir
Vegdabon [, T mi% W 8%
* {looge)
U 6 | & (& |9 | ®mi% 3
B R RN R RN AR
Bl D& M| B8 WM TR
mim Wlw |8 & 8|2
L5 AR R AN AR
Reefdd [ 1 72 [ 8 I8 |8 | % 8|% 5
R R R
‘ R AR AR IR
CGms (DR TR BT
mis | % %@ |5 n|ala
Vs s |
Residetial f %
P e lw e B 6 B0
ae ‘ .
ml AR RN
Water % 5 j

(AMC: Antecedent Moisture Content, ON: Curve Number)
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Table 5. R.P.R(Run-off Potential Ratio) of the study area(1993)

RPR
. TQA% | (3453 Qasd
Amey | 50 s | aae | nae| age)| pawco
(FLD) <§c§> lm) 244 |Z28E%e| T | (%) |TQXEH|(Q/35356%100
Mz ez W) /100
(TQ/P)X 100
A | 0ss | 1339 | 5493 | 465 | 934 2.64
Field | B | 12 | 291.86 | 1946 | 17678 | 1495 | 4363 12.35
C | 13 | 37623 | 2508 | 4705 | 398 | 1497 4.23
D | 14 | 42845 | 2856 | 2224 | 188 | 805 2.28
B 301 | 2546 | 7599 21.50
A | 21 | 13049 8.70 97.36 | 824 | 1075 3.04
Vegetation| B | 22 | 27821 | 1855 | 32392 | 2740 | 7623 21.56
(loose) | C | 23 | 39374 | 2625 | 77.06 | 652 | 2567 7.24
D | 24 | 49568 | 3304 | 2856 | 242 | 12.00 3.39
| A 5269 | 4458 | 12465 35.29
Water 31 | 118184 | 7879 | 7861 | 665 | 17859 22.23
A | 4 | 29673 | 1978 | 359 | 304 | 902 2.55
Rice field _B__| 42 | 42860 | 2857 | 6357 | 538 | 2306 6.52
C | 43 | 58067 | 3871 | 1038 | 083 | 5.1 1.45
D | 44 | 68304 | 4587 533 | 045 | 310 0.83
| A 11523 | 975 | 40.29 11.40
A | 51 [ 38851 | 2390 772 | 065 | 233 0.66
Residential B | 52 | 51225 | 3415 | 1061 | 090 | 461 1.30
area C | 53 | 6399 | 4266 741 | 062 | 403 1.14
D | 54 | 71042 | 4736 841 | 071 | 504 1.43
| A 3415 | 288 | 1601 453
A | 6L | 3460 2.31 350 030 | 010 0.03
Grass B | 62 | 17367 | 1158 616 | 052 | 090 0.26
C | 63 | 291.86 | 1946 283 | 024 | 070 020
D | 64 | 37632 | 2509 180 [ 015 | 056 016
I | L1429 | 121 [ 296 0.65
A 711 2158 1.4 2167 | 183 | 0.9 0.11
Vegetation. B | 72 | 15614 | 1041 | 6363 | 538 | 840 2.38
(dense) | C | 73 [ 27693 | 1846 | 1630 | 138 | 38 1.08
D | 74 | 35905 | 2394 1039 | 088 | 316 0.89
LA 111.99 | 947 | 1577 446
FA 1182.17 | 100.00| 35356 100.00 |
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ofale] AEE AE s4d FEWHQH
RP.R(Run-off Potential Ratio)o] Table 59|
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FH 7} 24EY AUl mzd A £
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FHIE FAE Fojt}h FF ujHY 298y
< #3A= RPRe| F8310, o] gEo] 7
SH(1~10%, 10~15%, 15~20% 20~30%,
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2479 AR GIS =98l AF §&% B
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ESd R4

GISE o] &% EY 44 48 9sid
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Ed 7 &0t AUt HE AAE
EY f4Y EH5Y A8 EY 4 34
o o]§H= 3 2459 A 7
5, GISE °]&% 89 d7dlMe A ES
FAFE il EY f4 ARSLL Soil
Loss Index)E Aletd =938} AJHTHAE
F9, 199). EY 4 AXkE A% a4%F
A F2F EY FAEK Ark2 1/25000
AUESE(FENETH, 1978)9F Wischmeier
9] =¥(Morgan, 1979)& o]&slo] Ao
2 EMsizion, A4 B 9 Az Yy
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Wischmeiers} Smith(1978)9] A€ EY &
A FA(USLE)°] AHEHIL glom, & A+
NME AP B EY f4 TAo] &85
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Soil Loss Index)7} A&t ES 74 &
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g = oy 37 8459 AF¥Ton o
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Mdd EY 7 ASSLDE 48 E 87
24 st A HrF wEY e F
TS AR wiiEe HE &4 4
ol Kt 228 FY F U EF, U
ATAHY AR A BAE TS n ¥
F 3ok Fa olATE EY A T4
ol 8HE 7t 24T FES IF AYY E
F Y A wepd FF RS T 5
I #EY £ Fgos FAEKSL = Kr x
Rr x Ir x Sr x Cr x Pr; SLLEY #4 A
F, KeEY 34 53, s LSrAr
Zole} X¥ ALY FF, CrEA 5 §4,
Pr A% g 8. v EY f4Y AF
AEE 4% 71E 8459 U8 Addolch

Ed AHEH A5
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7] Slete] Wischmeiers] HAE AXE
(Soil erodibility nomograph;1978)7} ©]-8-%%]
o} o] 3ollM B 1 A ot A
%l Kgto] AREED, AMRS A8 A9
EY BEFE AYUESS(FEAETH, 1973,
oRelzAL A HY F& T3 o|FolHt
Table 6 Wischmeier A4t 23l 2%
Aoz AEH A7 KaH0.05~050; &
AARAEAA7HAHAUD, 19D EE ESF +#
A Al AMkE At AmiEE FH(SKR)
TEEo|H, Fig7-AE ol5& ¥z YE
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Table 6. Soil eradibility (K-value)

@ Aot HEF 7ol 9% EYF f 84

< o|EFHor ATAYY 0EEFL Y
Hu AUz AHels™ Elo(Wischmeier
index) &} A, Roose®] 743 4(Morgan,1979)
& o|&slod AEYH 4 itk B A=
FAE olgstd AT RY EAE A
Metg o, 3 ATdA Add ES 4
AGE fdetds A EFAel sty 93
g RO 7FEAI(1)3ho] HoE At

o]ﬁ_ﬂ o)

_ ok rating
K - value Eo? (STX NO) (SKR)
Me(atet 3 o & A)) 1
0.05-0.01  |%5(13),%4(64),4 369 2
011-0.15 | 73(10),5 3(18),2 7(66), % 21 (71),F 2 (72) 3
7H (1), #eH8), t2H(17),th #(18), 8 AH(2D), 7} 3H(26), R AH27),
016000 | “THEDAZHE3),E4HED),FHE8) Arl(UD, b 43) A H @]
A4 (57),%%5:(60),% <HED),
% 4 (68),8} %(73), 3 FH(75)
2}3H(2), 113 (5), 15 (6), (12)%74](14)‘:4 H(22),9%(23),%
0.21-025 ! ZH(31),A1%(39),2.4H(45), 98 (51), 9 2H(56), 4 (61,1 4H62), | 5
%% (65),514H85), % P(86)
Z2(3),31% (4), 234 (7), 7 2H9), th4H19), = %1 (24),
0op050  PHIEDIAERAEEDHHEH)HEU0.SF@LEAG)|
o B21(49),8 3 (53),%5(59), 5.A| (76) 3k (77), 3} (78), 9} 21 (83) |
9 (84) '
=4H(15), 4 F(34), 2741 (46),%- 3 (50), 8 5(52), ©] & (55),%  (70)
0.51-085 B E(719),3] 3(80) !
0.36-0.40 ) 31(29),4 E.(36),5 A (47), 4 1 (58), 21 % (63) 8
0.41-0.45 eI 9
0.46-0.50 2 37(54),3H8(74), 341 (8D) 10
& W E#](82) 11
Water(100) 0

(STX NO: BIOIEHHIOIAPIC] index number &1)
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APA Zo] g Ay AAL

APE oot g AL BA(LS)S A
TrAE Rle FEAR fREe Ay
7A ket Ao #AE(Wischmeier, 1978)01 4]
T2E E FEA Eo] #EH UK Table
7, Fig7-B). o] 84 BAUe] AP Zo)
o A 7150 EYd falol vixe dgs
FASHE 948 ARdge Ae 98t
o= Wischmeier(1978)2] X5 ZHApE &4
g & 3ok

Table 7. LS (Slope length steepnes)factor

AP ZAAN6) | LS value(USDA) |rating |
0~ 10 0.152 1
10 ~ 20 025 2
20 ~ 40 0.40 3
40 ~ 80 1.01 4 |
80 ~ 12.0 3.14 5
120 ~ 160 571 6
16.0 ~ 200 8.98 7
20.0 ~ 30.0 129 8
30.0 ~ 40.0 8
40.0 ~ 50.0 9
50.0 ~ 60.0 9 |
60.0 ~ 70.0 [ 9 |
70 ©14 9 |

(USDA: U.S Department of Agriculture)

EA v ¥ Az g,

BAAA FH AR Ux EY &
Aol wjxlE Fgo] EX H¥ eA(C)ol,
O]_T-L_r])\-] Og 1-(1991\/:} TM /\P).E_. _7_;(] %‘/’;}
A 7¥E ol &sty Y EX olg
APET o] 345 A&7 Ystod Alg
Hvh Table 8& wl=t HFA(USDA,1975;
Wischmeier, 1978)oll A 4H&3F Cgks A7)
Ae] Ex] o]fiol Wi UY- AT T ozt
7kl EX| 3 8o H4fo] Hojgl Fol

- BFY - ojgR - vz

¥, Fig7-Ciz A o8&=9] 24 Catg
ades yed ol 53 A7 JE o
(P 53] AP e] A g, 3
2Hge) wjdde, A Fa 2 o8] 5§
A gH 5ol BF frddell wjAlis gge] a1
A" Zolu, ATA|Ne] A EX= o

o], A oF 2% nkA|el| Ao =g
Hug o] HEL ¢ LSa4dt tEolM
sAlel A,

Table 8. C(lLand Cover and management)factor

land use f C factor(USDA) | rating
field | 03~ 04 6
I rice field 02 ~ 03 5
| _residential area 0 4
B grass 0.1 ~ 0.2 3
| vegetation(dense) 0.1 ~ 02 1
| vegetation(loose) 0 _~01 2 1
water 0 0
(rating 0l 2T Z soil lossJ} Alst f|gjo=

AlEE )
(USDA: U.S Department of Agricuiture)

Ed 4 s

HF EY F4 SN AEE 4% e
59 FHH7} Table 99 Q.9F5Act 3=
B 4 AGLDY ExE 15U E
UERRLAL, 1 gtel ¥8&E EY #4o)
B Adow ENEY. BEY fA AFs9)
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A Alg 100m R Kol B¥ sty o) HE
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Fig. 8 Percentage cumulative curve(area vs. SLI)

W] QT7H T 8-S BdFa Yot S A Ao gs TMAA
9] 1(BlueiX1), 2(GreeniX2)H Band& ©|&-%F
Ratio?| H(Xe/X1)& 71 Wo] &831H, o|=

B =Z771 $ BandE9| Sy diel] W7tely] of

oty ey AAlY] Xo/Xi a2 w2

EEE Hol7] HiEd shdel #A7F AY &

7Feditt, & dFeME 1, 29 Band® #a,

Qe e 252  H]&(Ratio)dl

Arctangentgt-& T & ZHANAA %

718 F2(Aratio = arctan (Xo/X1) x 790 -

186)2 AEstd HF £4 A¥(Aratio) & Al

AEtglen, o] grol #ETE EX[/Y v

Table 9. Soil loss analysis

Coverage Rating Source data

soil-erodibility 1~11 Soil map

slope-length 1~ 9 | Topographic map

crop-management | 1~ 6 |Landsat TM data
rainfall 738.15 7 d R ﬁl

E=R

M

HI

=ZF(Chlorophyll-a) ¥41& &A=
TMEH(191.3)& o] &3 AAA o] &

7h #€ $EE HAF= A2 BYEUY.
Aratio®] #& 71~1909 ¥EE HFow,
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s ENE A3l 678E ¥ AF =2F
FHEFgs-B7E A= ag AR
Aele] 4% B L 24 TS5 o 0%
o AT HEAY s1EE PR o3t
4 ozt die]l & BoA 1 gloy, FF
Y 3 & PRS2 7718 54 HA
off 2% A%k 2ol & yehda

HIEEH 2% 2ME

T BAE AT A% 03 2 9x F
A4S $3t oA A EY A% A
E 7% 847 @AEAAARBAIZE A
Wz FHE 3(Table 10), 52F M7}
HA71Ee] AE =90(Fig9-Ae] A=Ak
ZF 9HY 29 AENNPSP, Non-point
Source Pollution Index)2] A5+ M= 1~
14(Table 11)Z AR em, Fig.102 NPSP
¢ 15 WA gigt 73 FHo|r. o] 1|
ol FA WH(area%)o] 9%H~100% A
(NPSP7} 100]4h)-2 Critical area®(Sivert-
un, A, et al,1988), 91~94% AS(NPSP7} 9

Table 10. Secondary overlay for non-point source

pollution analysis

Coverage {Rating Source data

* soil-erodibility,
+ slope-length,
* crop—management,

Soil loss| 1~7

- rainfall

- soil map
Run-off » landuse

s 7)1 dE R

A=

A 917

A

~10)& Sub-critical area® {2 F o
H(Fig.9-B), ol AYEL v]HYE 2.4
et ol 1Zatr] wiiel] AAF #A 2
A oy tho] Wasith Table 129} Fig.ll
£ 7} BESAM Critical, Subcritical area®]
|3 v Fojct

Table 11. Non-point Source Pollution Index

(NPSP)
NPSP () area | Carea
areaimy | 9 | (%)
1 10380745| 0.95 0.95
2 72572312 6.69 7.65
3 357187420 | 32.97 | 40.63
4 166069697 | 15.33 | 55.96
5 121129403| 11.18 | 67.14
6 148487198 | 13.71 | 80.85
7 65867648| 6.08 | 86.93
8 54135507 4.99 | 91.92
9 42665891 | 3.93 | 95.86
10 33499119| 3.09 | 98.95
11 7204351 0.66 | 99.62
12 3181089 0.29 | 99.92
13 702023 0.06 | 99.98
14 177482 0.01 100
Total {1083259885| 100

(Carea: cumulated area)

2 8

GISE o83t} 375709} wHY ©
Goll hF FFH F4o] AAlA FW APE
AT 19MdEe] THY 8R4
AuN2He AMATEN FguEgien], &
48 A% 718 WRES A pae
BaFdel #7409 BAe $Yse B4
duE 98Y & 9 Aoz Az
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Fig.11 Critical and sub-critical area of non-point source pollution
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Table 12. Critical and sub-critical area of non-point source pollution

A

SE:E

sub-basin area

critical area

sub-critical area

sub—basin 3
(m”?) percent

(m?) percent

(m? percent

7 10684268 100

1744532 16.32

791968 741

10 73568024 100

3770835 5.12

2091107 2.84

11 35265476 100

3336488 9.46

2007616 5.69

12 93227952 100

7110571 7.62

1596133 171

15 12984355 100

1203946 9.27

638626 491

16 29443874 100

1640646 5.57

754231 2.56

27 8134504 100

837850 10.29

176829 2.17

28 21146488 100

905944 4.28

1706434 8.06

29 27618938 100 2649595 9.59 5660581 20.13
30 76068760 100 5607127 7.37 9437413 12.40
31 9353903 100 167276 1.78 1235543 13.20
32 38829132 100 2011824 5.18 4314158 11.11

35 20706114 100

139689 0.67

1058233 511

36 34170652 100

1038792 3.04

1819761 532

= B4 FueH 88" & g o=
T3 FHATE Bl g o8] $7%
E(SLL, NPSP S)5¢ HHY 29 24 3
Ao AR Z&AE ZU3 AL 4 AL
o, o2 B sHe goz e 2o
FAANAATIE 889 & Uk zAFA
o) AL fHME B L9E ALY
= FAH dibalo] $MH oz FYsjolA
olit i, olgjF ATE E ATE Bl
A vEY 99 EAE(EY $ARAS)
33 719 A7V} o}F AAHes ¥4d F
1g otk FAld ol2i®t B4g 9% GIS
719 HgolA Vg 88 He 27 37

AR5 AYAT BPARe] e ARP
SRRt Btk AE BAstelokth

#n 2

[ =

7VERE, 714% (1986~1993).

A&EFS, 1994, #AANZE AHE A%
GIS&&47, A2F33) A, A4A A3E,
pp. 321-331.

W&E9, 194, 3% FY EFF £4
£ A% GISEEAT, BIGISH A,
A2 A|2%, pp.165-174.
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