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Suggestion of a Decision Support System for Implementing
the Water Quality Trading Policy to Developing Urban Areas
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ABSTRACT: There are many pilot programs and projects to

implement the water quality trading (WQT) policy. But actual

trading is relatively rare. The main reason of the scarce applications of WQT policy is the difficulty in determining the equalities
between the trading sites. The uncertainty of the impacts of the nonpoint sources pollutant discharges between up and
downstream urban development areas also makes the implementation of the policy harder. The simulated results from the
watershed modeling program will be used to calculate the point and nonpoint sources pollutants of the future urban
development scenarios. The amount of suspended sediments resulting from the urban developments and rainfall intensities
will be used to indicate the environmental impacts of the water body between upstream and downstream. The water quality
impacts after development scenarios to the outlet of the watershed were transferred to the trading units between two sites.
The recommended trading units can be used as a decision support system for policy makers and stakeholders to carry out

better WQT practices.

KEYWORDS: Decision support system, Trading Units, Urban development impact, Water quality modeling, Water Quality Trading

Policy

]

k0

El 19
o -
©
°
u
2 4

Jo 10 A
n=
or
L o
— 0z
og mo
o &
2 I
L <
IF

ina
5
i

10

~

Il
o ot

0g
M 2
0p0

40
ol

[

Ct EAPHEC I"EQ_}

oT o

T 10y 4> ko

0
M
0

2 =55
|.

IR
6|.E 7|.9| /\XI

1 og 0
_erl
[0
_O'L
5

=2
Rall
rlr
4
HJE

o

OfSHEARIS0IA
salof:

—

%>
e}
El
rok

tH
=

HHEEAIAL

0=

1. M2
EAJo] g Hsjol 1 YT} 2] sk 52

EAPH%*

Hydrological Simulation Program—Fortra n (HSPF)E 0
ULUL0| 2 B
2 T E e af04 HIABIRAE

1
Ml

[

=
=

E
to
2
2
00
Ql
mr
i)l
fo
02
S H

G
58
_I_FE_SZHJ

59|

3k o] QlojA] & a3k A Ho|u 7S to| u}
2 A7 BUE YT EXjol§ Wt a3 oje
o7 olg AL 277} uu|sl Aot E3] A

*Corresponding author: yeesookshin@gmail.com, ORCID 0000-0002-1111-6266

(© Korean Society of Ecology and Infrastructure Engineering. All rights reserved.
This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/),
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

54



Y. Shin / Ecol. Resil. Infrastruct. (2016) 3(1): 054-061 55

wol e gl 4] 79 5HS] A9 A 5 4
of ojulst are 7 B A dlSshs AL 24
3Joi] QlotA) Tl Fastaut Aol A% w1 by

of mof g it gl Zlo] F Aot s e sk
Aol =AIZE NI THE vje] ARA9e] S
Askero 2 49 4=AGFRS 243} st A
Yo 2 A)RME n]|=2e] A sk 21eddkg ol I
At ANEAFA ] T 7HA] sk W0l 23kE
Al ol Al ARoletarl & 4= glt} (USEPA
2003). gutA o2 FRe} st AAA 53
5ol EABIAL ol E sidstr] fIa ANEE o]5E K
+ SRRl ZEARte] H= AR o] AHt

A Bk sk 7o) o] o] Sl o

o] Clean Water Acto] wie} 514 A Aol AA]
Frotes EFstoior st Hedd
ull&2}2] National Pollutant Discharge Elimination
System (NPDES) Permits &7} 7|51} Total Maximum
Daily Loads (TMDLs)7} A% 2 ¢x]x| ¢Fo 35}
HofA A-go] 7hssith E e O] FAA HAF
o oo Y Z+ Ex|o]& ¥ o AuEEFS AAsla
NS & Z716HA 2 LHduiEol sidshe A&
FAo] e gujEds FYshe YRR o]Foixl

pANES 2

o} w7 Aol Al ket Water Quality Trading
A TEM O] 2L

Assessment Handbooko]| wh=1H

07140102
Meramec

Missouri

/

Brush Creek G

o ol Hogu Yoo S Hedu vHedy
7re] W T2 IS avfek Qo HjHe A
7re] 3 EEIYL AAEHA Fhal ek (USEPA
2004b). o)1= %o} the] HH LAY WAk 5]
Beao R olslo] AU ek A BelS A4
sk 99 sh= Hl] 2 ofelgol Q] wielck HY
= 2 (Maryland)©] 210]2] 7}£€] (Montgomery
County)= 7 2 3| & SefolAY] S LS Al
ShR 7heEl MEE A B A B 250001A ] )
o ARto.E Ao Ry SARIES 28 At
#7} 9lth (USEPA 2004a, MCDED 2010). o] o}
UE—] _4‘61—;(4 :L7_1 0-10] AX—L& xﬂ/\l =] _/’\_;‘(]E;Vq
7hoe] Vo] 451 B4 sHHe 2EA Sl A
8 3w gleh B AT SAARE olgstel
29 ) Aol g9 5 Exjo]ge] Wk At
2 Apgatan olel w2 oY 4GS mofs)
of SAmIY A 8L 1T AEATS BE F,
Uolt o] Higom Jaay Asme LAl
AL A Agskaat sk

2. AT
21 [HArx|
2 A7) digx|ohe n]ske] wiga) 3 (Missouri)

Fig. 1. Location of Brush Creek watershed within the Meramec River watershed.
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Fig. 2. The city of Pacific and the Brush Creek watershed with subbasins superimposed upon a land cover map.
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Table 1. Land use change scenarios used in this study.
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Downstream development scenarios Upstream development scenarios

Land use changes 25% 50% 75% 25% 50% 75%
Impervious | Impervious | Impervious | Impervious | Impervious | Impervious

Agricultural area to developed area A25D A50D A75D A25U A50U A75U

Forest land to developed area F25D F50D F75D F25U F50U F75U

Range land to developed area R25D R50D R75D R25U R50U R75U
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Fig. 3. BASINS land use themes modified to development area (grey area) from agricultural, forest land, and range

land in the downstream subwatershed.
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Fig. 4. BASINS land use themes modified to development area (grey area) from agricultural, forest land, and range

land in the upstream subwatershed.
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Table 2. Average sediment differences (kg/ acre of change) from the current scenario per acre of change from agricultural,
forest, or range land to development at the downstream location of the watershed.

. . » Scenarios of land use changes'
Rainfall intensities

A25D A50D A75D F25D F50D F75D R25D R50D R75D
Average 0.44 1.03 1.65 0.64 1.27 1.94 0.65 1.31 2.02
Top 5% 4.46 10.80 17.87 7.43 14.57 22.11 7.67 15.22 23.41
Top 10% 3.24 7.73 12.59 5.01 9.92 15.13 5.15 10.30 15.89
Top 20% 1.97 4.67 7.55 2.95 5.86 8.95 3.02 6.06 9.37
Top 30% 1.41 3.33 5.37 2.09 4.14 6.31 213 4.27 6.59
Top 50% 0.87 2.05 3.30 1.28 2.54 3.87 1.31 2.62 4.04
Between 20% and 80% 0.07 0.16 0.25 0.09 0.17 0.26 0.09 0.17 0.25

"Abbreviation of scenario refers to Table 1.

Table 3. Average sediment differences (kg/ acre of change) from the current scenario per acre of change from agricultural,
forest, or range land to development at the upstream location of the watershed.

Scenarios of land use changes’
Rainfall intensities

A25U A50U A75U F25U F50U F75U R25U R50U R75U
Average 0.68 1.51 2.36 0.96 1.80 2.68 1.31 1.82 2.65
Top 5% 5.03 11.10 17.57 8.77 15.00 2213 15.99 15.52 21.82
Top 10% 4.27 9.46 14.88 6.53 11.78 17.46 10.10 12.04 17.33
Top 20% 2.96 6.56 10.27 4.27 7.86 11.68 6.04 8.03 11.64
Top 30% 2.18 4.82 7.55 3.10 5.75 8.56 4.28 5.85 8.51
Top 50% 1.36 3.01 4.71 1.92 3.58 5.34 2.63 3.64 5.30
Between 20% and 80% 0.15 0.33 0.52 0.19 0.38 0.59 0.18 0.37 0.56

"Abbreviation of scenario refers to Table 1.
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9] 7’5 (instream effects)S E3f o T skbd Y A9 21 =7 (Development case II: A25D to
WAL ST A0 a2t ol §BRN o ATSD)9| A9l Flele HABe] A4S 4%
W H2Eo] 4S ojulaln ol 2 wWHolsl A9 Exjol§ ¥ WAL Table 42] Development
¥ AgAele] S Agteks Ho] skRADe] A case 1] AAISRACE
Wl Qg maHom sk e mabdel AR A8 P ARt B A
L AL ojujalcy oleiet ATE /T A B ol9] AAd A BYES Sacks Yo w
sHe AN E AT 4= ok A sk A1 2t 1= APgsfiof sh =2 A-tollA AAIRE BEX|o]
o) AESolA BANLAUL AT F 4 QA £ & ¥ B T8 45T WA olglolE A9AE
g HIE 4GS flsliA= 2 7HA 71 AAE 450 Foi ALE WHS AETFORN HE
AVgolor gk 94 Hgopl B shdo] 2Rl QMIAS %Y 4 Uk B ATE olgwriE Ao
oot skl -9 Wf K= oAl 159 EAY 53k 4 weh o) wek 9l AT o A
UHFAQ 2 (25% impervious)7HA] 7l HE|E H Aol A2 i o] ol 187 Alvfe] e Ax
SISt Aotk webA sHRAH o) AF7) & Y £ olgsto] A9 W EAlog H A A= E AE
8 Szo] A (S0% - 75% impervious)S Wa o Agke ABTIE w29 W 4 rk
2 o ] 7k A% HaEel Ol et
EZ 2 Akl ARzl WZ|o] AukA] S22 (25% 4. 4 2
impervious) 7JErHE-S YT 4= Utk Table 404
= 3FA|Y9 1% (Development case I) 2! 231% 2003 AZE w|=to] £AWIIHE 272
(Development case II) 7fjgof W& AR 9] A5t AA Ao §FEA QA S5k FAIZ Q) vk
AA S AABHEE dlE S0 A9 9 /A7t Alojtk. o] Rk 9 W A sh oA 427
L5 50%2] BESHS K R 1% A 2 YR ok 27 alolA] A 8l 7ke] Moot
(Development case I: A25D to A50D)3}1LA} Stk H Ao dYe] &l weks §-8stcl =23
LRk Rl (25% impervious) 7 AlLHE]2 (A25D) = EA| ]| e R TES, LY, B2
o Hlsfl 0.59 kg/acre W HA = 2¥s 2 5H 247] 5o ZgE RafFEEely w9AIg =
Stk olol 1 acre®] 355 A9 mEAe] 493k Be EoF W JUAR 5 ke 2 At A
= ARAS e Lt 7ieE (25% impervious) 2] E| 4] & 7Fsst o] =mollkle EAIS ol e
2 A WAHS 27 5A07) 0.87 acre, 40l 061 EEo] ol QRS oo 41 ol Al
acre, 2717} 045 acre 7} HT), e WHOR 3R oh EARL Aot SPAS ol AT

Table 4. The equivalent acreage of land for the excess sediment generation resulting from two development cases
with different intensities for one acre of downstream agricultural area development.

Scenarios of land use changes'
Rainfall intensities Development case | (A25D to A50D) Development case Il (A25D to A75D)
A25U F25U R25U A25U F25U R25U
Average 0.87 0.61 0.45 1.78 1.26 0.92
Top 5% 1.26 0.72 0.40 2.67 1.53 0.84
Top 10% 1.05 0.69 0.44 219 1.43 0.93
Top 20% 0.91 0.63 0.45 1.89 1.31 0.92
Top 30% 0.88 0.62 0.45 1.82 1.28 0.93
Top 50% 0.87 0.61 0.45 1.79 1.27 0.92
Between 20% and 80% 0.60 0.47 0.50 1.20 0.95 1.00

'Abbreviation of scenario refers to Table 1.
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