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Abstract: Freshwater soundness can be broadly divided into the health of river ecosystems and
social services for human water use, that is, water welfare. In this study the ecological soundness
and water welfare index of rivers were calculated, and the freshwater comprehensive soundness
was analyzed using the quadrant model for 14 basins in the Geum River basin. As for the ecological
soundness of the river, the area upstream of the dam (based on Daecheong Dam) was evaluated as
‘good’, and the area downstream of the dam was evaluated as ‘bad’. On the other hand as for water
welfare, the area downstream of the dam with a large population was in a relatively ‘good’ condition,
and the area upstream of the dam had a relatively ‘poor’ level of water welfare. In terms of freshwater

comprehensive soundness, it was found that the basins of Mujunamdaecheon, Bocheongcheon and
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Daecheongdam showed good ecological soundness and water welfare, and the Geumganggongju,

Nonsancheon and Geumganhagueon basins were all poor. The Gapcheon basin showed good results

in 2014 due to continuous investment and systematic management. Therefore, it is necessary to find

ways to utilize it for other watersheds through benchmarking.

Keywords: Freshwater comprehensive soundness, Ecological soundness, Water welfare, River

basin management
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Figure 1. Study area of the Geum River Basin (14 sub-
basins)
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Table 1. A framework of indicators for Ecological Soundness Index (ESI)

Dimension Indicator Unit Description
HF (High flow) B Thf: index measures the change in high flows under current and
unimpacted conditions.
LF (Low flow) B The index measures the char}ge in low flow magnitude under
current and unimpacted conditions.
. PZ (zero flow) B Thfe differences in the prop0r4t19n of zero flow occurring under
Water quantity unimpacted and current conditions.
- The index simply compares the coefficient of variation of
CV (Variability) - monthly flows between current and unimpacted conditions.
This index provides a measure of the shift in the timing of the
SP (Seasonality) - maximum flow month and the minimum flow month under both
unimpacted and current conditions.
BOD mg/L Biological oxygen demand
TP mg/L Total phosphorus
. TC MPN/100mL | Total coliform
Water quality
Chl-a mg/m? Chlorophyll-a
T-BOD num. Target satisfaction of water quality (BOD)
T-TP num. Target satisfaction of water quality (TP)
TDI - Trophic Diatom Index
Aquatic ecosystem BMI - Benthic Macroinvertebrate Index
FAI - Fish Assessment Index
Habitat-riparian environment HRI - Habitat-Riparian Index

Table 2. A framework of indicators for Water Welfare Index (WWI)
Dimension Indicator Unit Description
RWR % Revenue water ratio
Water supply DIW 1000-m3/d | The amount of domestic and industrial water usage
WBR % Water balance ratio
LPCD Lpcd Water use, Liter per capita day
AWR m/d The amount of alternative water resources
Water use
WSR % Water supply Rate
PSP % Percentage of sewered population
RWC & The rate of recovering water cost from water price
. CSS number Consumer satisfaction with water service
Water service management -
WSR % Water self-reliance
SSR % Sewage self-reliance
WSSE % Water supply and demand rate by the elderly
) . AWE Lped The amount of water used by the elderly
Water service equity — —

WSSR % Water supply and demand rate by recipients of basic living
AWR Cped The amount of water used by recipients of basic living
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Table 3. Criteria for selecting indicators by Exploratory

Factor Analysis
Ttem Sel§cti9n Tterm Self.:ctif)n
Criteria Criteria
KMO =05 CM =04
Bartlett’s test | p-value =< 0.1 EV =1
MSA* =04

*: anti-image correlation coefficient

AEEE AdAshe el T Al AACl 28
g (A R)5e] RS 7P wol F5staL e
Al 8919 g Haskshs WO R £49
dagt 24 29089 Mg 2 AHChoi
et al, 2018). A& AAE T BAFEHLE KMO

E9 AT SHWMSA), 354
M) 9 15-%](Eigen Value, EV)
= t 7]&-& Table 33+

N
%9,
|o
2
N
_);1_1‘
)
=5
2
oxl

do
o

2,

2) ABAS 2 A AR 5 HAS FT

A& A1H

Si w42 A (aggregation) Al,
|5~ groll oisl 2 g W] Saw
= Aot} F3 Ao i)

Zk 8 W v FEFS 3 A= yoll gt B x
9] &)/ (dependence)s 548t 2 o|th(Becker

et al. 2017).
ATk Wl gia Als FA] w2 o A=
£ Fab7] el AA nES Ealshd 4 (3)2) Lt
Vi = fixi) + ¢ 3)
A71A fix)= B SR Kol thek o
HatolH = v e Alet A x5 W

R



cov(y, xi) : = E[(y — ) (xi — )],

4 4
Ri:=corr(y,xi): = 760‘;();%) @
yOi

o714, corn(y, v [L, 1) Aole] T7hg 7H 3o
& M8 AWASE FRAS B2, ve] ity
o] 419 B BAoIA AR AFA 4 24
A R 7740, 19] 2h& 7P B = con(y, x)

(¢}

S71A, S = z(f(xx )-Fre Al
2 Q)i A B0 ?};L(%l% L yi=n i ye BE P

fxig) = po+ e BEERE yoll tet A 2 3
1“1 T4l 880 = (- yye Al Solth. whehA

< xofl He yo A 37 Aoz diE Al
?Jﬂry«l T Al e BlEelH yotxi Aol o] HlAdF

Ao A \:dﬁ].;(] ok}

~.
Il

2
o EH?T)/«] ”‘_t}zﬂﬁ H] 413
o] AL E 3pAhz=A (underestlmate) 5
SHulAY A S, i= 1,2,
(the first—order sensitivity index) T+

Z>(main effect index)= g8 4 9 ch(Becker
et al, 2015). F7F Aol thgh 2+ M=) vl P&

o
of
o)
N
4o
o o
I
r>~
ot
S~
o
£
=
A
l"l r
oot
e
=
=
N
=
=
20

VX (EX (y | x’)) (6)

71N X e e A e BE W, ., ) E
Lol WE ol Ex (v [ xi)= HAF X9F A HAl
20 2 el F=o1%] xi9] ghol thet yo] 7]Hgk>
Xoof tieh 71HEkS YebdHek(o] 7] 4], A} xn= A
Il Ex (v %) = E(v [ )2 FF), E( | xi)= 62 ¢
T2 xol het 5= A sk fi(xi) 2t F-55t
tc}aw E(y | x)= xof gt y2] AP x(scatter plot)

= HAg 39 2tol| AUA| =t o714 jE Y]
8 ZAE 59 LK 39 AT U8 =7l
ekt ol A S 4 (13 2] £33 4 9l

> (my

== (7

20i=y)»

(collinearity) &2 <13} 4= XA A] o] 5 A A
(double counting)o] Eo] HAM] (compensability)
EA 7} EAY gk (Kao et al, 2008; Saisana et al,
2011; Greco et al, 2019), o|& 7% AA 7} &

& ABEL o9 HEOR Fu PES FRsto] 4

Table 4. Criteria for selecting indicators by the correlation of S;

Item

Selection Criteria

Minus (—) or weak correlation

o If the correlation coefficient value is 0.3 or less, it is excluded from the selection index.

Strong correlation
new indicators

e Compensation problem caused by double calculation
= Average indicators with a correlation coefficient of 0.8 or higher and replace them with

Si .
' in the count.

e Even if the correlation coefficient is 0.3 or less, if the value has a certain effect, it is included
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Table 5. Analysis results before and after selection of ecological indicators

Dimension Indicator Selection Description
HF x — Low MSA(0.348), —. Excluded in the aggregation
LF o
. —. Satisfy all criteria
ZF . .
Water quantity ° — Included in the aggregation
CV o
SP X — Low MSA(0.271), —. Excluded in the aggregation
BOD . — High correlation: BOD(0.908), TP(0.817), TC(0.811)
TP (OM) —. Aggregate BOD, TP, TC into a sub-index
TC —. S value: 0.8100, contribution rate: 26.3%
Water quali
qualtty Chl-a o
—. Satisfy all criteria
T-BOD ° —. Included in the aggregation
T-TP o
TDI o
. —. Satisfy all criteria
Aquati it BMI . .
quatic ecosysiem ° — Included in the aggregation
FAI o
Habitat-riparian environment HRI o —. Included in the aggregation
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Table 6. Analysis results before and after selection of social indicators

A =
(3006), EAH(3007), A H(3008) 792> 24_

Dimension Indicator Selection Description
RWR )
—. Satisfy all criteria
Water supply DIw ° —. Included in the aggregation
WBR )
LPCD o
Water use AWR o —. Satisfy all criteria
WSR o —. Included in the aggregation
PSP )
RWC o —. Satisfy all criteria
WSR o —. Included in the aggregation
Water service management css o —. Low correlation: RWC(-0.3961), WSR(-0.4870)
—. Si value: 0.1093(9.8%)
SSR o — Low MSA(0.205)
—. Excluded in the aggregation
WSSE o —. High correlation: 0.980
(VWBR) —. Aggregate WSSE, AWE into a sub-index
_ ) AWE —. S value: 0.800, contribution rate: 55.1%
Water service equity ' -
WSSR o —. High correlation: 0.930
(VWS) —. Aggregate WSSR, AWR into a sub-index
AWR —. §; value: 0.653, contribution rate: 44.9%
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Figure 2. Trends in ecological soundness index by Geum River basin
Table 7. Results of ecological soundness index in Geum River basin
Sub-basin 2008 2009 2010 2011 2012 2013 2014
Yongdamdam 109.4 108.5 106.9 104.9 109.2 103.5 107.1
Yongdamdamharyu 119.1 121.8 113.6 115.4 111.2 111.0 110.4
Mujunamdaecheon 104.8 106.4 110.8 111.8 108.9 113.6 111.6
Yeongdongcheon 101.8 101.5 103.6 103.8 102.1 104.3 104.0
Chogang 100.1 106.0 110.8 115.5 107.8 105.0 105.0
Daecheongdamsangryu 103.2 105.0 106.6 111.0 105.5 104.8 105.4
Bocheongcheon 109.3 107.8 112.6 111.6 105.2 104.5 106.0
Daecheongdam 109.6 106.1 111.7 110.9 103.9 106.6 103.5
Gapcheon 90.8 93.7 96.5 93.5 97.1 101.4 103.2
Daecheongdamharuy 94.3 97.9 105.8 97.5 922 932 86.3
Mihocheon 88.4 89.5 94.6 94.1 90.6 92.6 90.9
Geumganggongju 87.8 86.1 91.2 94.9 87.6 91.8 89.6
Nonsancheon 93.2 90.2 91.2 93.4 91.2 89.6 90.2
Geumganghagueon 80.4 80.3 83.8 86.4 84.3 83.6 81.3
5, R HsHR, AR AR A7 Wl ThLee 2021). S Fol A= AANAIHCZ AT =
% 2ot o ofskeh A0 ety v 2, €W A S BA 0 R 20005 AxpER
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Table 8. Budget status of the Geum River basin in the Four Major Rivers Restoration Project (Unit: KRW million)

Sub-basin 2009 2010 2011 2012 2013~2016
Yeongdong Stream 1,130 8,532 6,854 1,455 228
Yeongdong Stream, Cho River 0 0 597 0 0
Upper Daecheong dam 0 7 941 351 0
Daecheong dam 20,082 69,962 88,193 0 0
Gap Stream 33,912 38,970 47,617 18,545 85,129
Lower Daecheong Dam 469 3,571 9,851 6,833 3,069
Miho Stream 48,643 88,027 127,269 93,411 74,483
Geum River-Gongju 36,635 76,984 64,239 67,767 44,669
Nonsan Stream 39,882 21,821 21,269 22,032 31,949
Geum River estuary dam 9,911 35,361 18,639 21,598 13,238
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Figure 3. ESI changes by population size (Upstream basin)
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Table 9. Results of water welfare index in Geum River basin
Sub-basin 2008 2009 2010 2011 2012 2013 2014
Yongdamdam 89.9 89.3 929 88.4 92.0 93.8 93.8
Yongdamdamharyu 914 922 90.6 92.1 93.2 929 923
Mujunamdaecheon 102.0 102.8 98.8 104.4 104.7 104.7 102.5
Yeongdongcheon 104.4 102.7 105.7 106.0 96.5 97.4 95.3
Chogang 933 95.6 97.5 98.2 100.0 98.9 97.0
Daecheongdamsangryu 94.9 933 93.7 95.6 94.8 93.8 95.6
Bocheongcheon 96.0 96.7 914 101.5 99.9 100.2 100.4
Daecheongdam 97.2 97.8 97.6 97.1 98.8 98.6 104.7
Gapcheon 111.7 113.1 122.3 109.5 109.0 111.3 116.6
Daecheongdamharuy 101.5 101.9 99.0 100.1 99.8 100.6 106.2
Mihocheon 113.6 1134 117.6 1159 116.9 116.8 1154
Geumganggongju 98.1 96.1 95.2 98.5 101.1 101.5 101.7
Nonsancheon 100.8 99.3 100.2 99.8 100.9 102.8 102.6
Geumganghagueon 98.2 99.5 99.4 100.7 99.3 99.8 100.1
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