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Analyzing Ecological Soundness Considering
the Implicit Weight of the Indicator
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Abstract: The purpose of this study is to establish a system to evaluate the ecological soundness of
the Geum river basin. The study target area is 14 sub-watersheds of the Geum river basin. For the
selection of indicators to ensure transparency and consistency of the evaluation indicators, the
ecological soundness indicators were secured by using the indicator adjustment method derived in
consideration of the intrinsic weight change characteristics between indicators.

The index with the greatest impact on the final composite index was identified as the index of the
aquatic ecology among the water quantity, water quality, aquatic ecology, and habitat-riparian
environment dimensions. As a result of analyzing the ecological health index of the river, the
watershed upstream of the dam (based on the Daecheong -dam) was evaluated to be in relatively
good condition until 2014 compared to the base year(2008), and the watershed downstream of the
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dam was evaluated to be in a poor condition.

The annual trend of changes in the ecological soundness index on an annual basis is as

follows. In the case of Yongdamdam, Yongdamdamdownstream, Bocheong-chun, Daechungdam,

Daechungdamdownstream, and Nonsancheon, although there are differences by time period, the

soundness index is in declining. On the other hand, Mujunamdaecheon, Yeongdongcheon, and

Gapcheon were evaluated to have improved soundness, while Chogang, Daechungdamupstream,

Mihocheon, Gongjugeumgang, and Geumgangestuary were evaluated to deteriorate again after

soundness was improved.

Keywords: River, Ecological soundness index, Implicit weight, Importance of the weight, Aggregation
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Figure 1. Study area: Geumgang river watershed.
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Figure 2. Formative measurement model.
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Table 1. Criteria for Selecting Indicators by EFA

Item Criteria

Explanation

KMO measure of sampling adequacy More than 0.5

Bartlett’s test of shpericity

Not more than p-value 0.1

Identify common factors suitable for analysis

Evaluate whether individual variables should be

MSA More than 0.5 included in factor analysis
Communality (CM) More than 0.4 Explanation ability of variable variables for each factors
Eigen value More than 1 Explanation ability of more than 1 variable.

7)
A7 e w2 %*Eoﬂ 46} 71045; —‘?—%42}
4= JtH(Xu & Gertner 2008; Mara & Tarantola
2012). whehA] 7} Wig=o] gk EAo] tjat Eatee

Q7] 913 B Tkt ol F HEoE HaE 4
et
S, =S¢ +S¢ ®)

o]7]1 A, Se= Ar 7193 (correlated contribution)
2 O X3 7L s A 0] Wl E U
B 1L Si= AR 7] o] (uncorrelated contribution)
2 UE AR2s AYY 4 gle AE AA 9 Hst

FS ekt o] FES B 2 A GFL 4
2 7]o] B ulAR Z]ol= L a Aol e
AFA7L FYAS A A 2 AR EA] olw

QS Zr=A9 tigt 27} olslE Alw
Gertner 2008; Becker et al. 2017).

FHXu &

O 7 7]|Eo| Wol AME-H
A (exploratory factor analysis: EFA)
o 12} A5 Attt 1A AR H A %5
s A ZF 2|37 SR ol 2 ]

o

ro

ML
x

A8 AFHH] (non—linear correlation ratio) £4<
2Asto] HF A E AT

A AH(Kaiser—Meyer—
Olkin: KMO), Bartlett ©¢]38 & A4 (Bartlett’s
test of sphericity), ¥& Z34 == (measure of

sampling adequacy: MSA), FZA (communality)

AF8-3icH(Table 1), KMO
AALYE (ant—image correlation matrix) S
ol-gsto] ALt AT E ART7F Q1w A%
o] MSAE 78 S Qi =
glajjof 3= o] HE FrsH(Kim 2016; Hauben et
al, 2017; Joo et al. 2018).
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2
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(Lindén 2018).

A ST vl 2 3= 7HAH 8
4173 (collinearity) A= Q1ato] FEAIG: A Al
o]% AAk(double count)E o] HAMA
ability)®] EAIS §3cHKao et al, 2008; Saisana
& Saltelli 2011), kAl EA1E AAH] Sl =2
& AN ES AT o AT =2 dE Al

FES AR 514 F-(sub—dimension) 2.2

J (compens—
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=01 Ak ool Sof WS A X ® Zro= v (Variability) A|3E2] MSA 32 27+ 0.579, 0.611,
A%t 3 A7)0 Eahateict 0.7060.2 53t 2102 HYYT, o] 2K A
Foe B HEY NS 13} A w2 Agstgr
L g3 5 23 (2) A2 9 A Sol 9 AE 4
1. XIE MY Za} 24 7+ A F7} Ageo]) ] A= JFH(EL uAY o=
) aeus )G ek AN S AR ALEelT 7}
23 WAL BE A Fo| So}] AL} A
(1) BA45 201z ofRt X1 8 Ay S, AL WA 87 Aatel WA AZalel
KMO+= 0.500, Bartlett A4 AF 7Fo] Al A (penalized splines)& AFHEEITH Figure 3). o]
520,859, 4212+ p = 0.0000.2 33t Ao =2 1} 71 WA AZolo] THL RE RS TIFeIs =
Rl Table 2014 H50] 291540 o5k 7 %2

A2 BAAT A A (Seasonality), 1-$2F(High
flow) A1 3E2] MSA Zo] Zk2F 0,348 94 0.2712 0.5
ojstz A& Ao TAI7F e Ao skl
A| 3tof| 4] Al €] 83Tt

Ao
A% Gt 2 A x B DR
_/,:

E50| o5 Ak A4 7ro] A AL ofulgitt,
2 Aol A A S; 42 Becker (2017)2] B
& ¢143to] Matlab Z213& ARS-Fct,

X E ZFABEA BAAT A9, 907, WE

AR A5 A QA 5 AR AAIGE 20124 A 4 AFY Alg 32 0.3119~0.58572 LreRgoH
I}, A= Low flow), G- (Zero flow), H54 OECD (2008) 7|59 AA( r|<0.8 Ex= | r|>
Table 2. Results of EFA in Water quantity
Indicator Factor loading Communality MSA Eigen value Accumulated variance (%)
Low flow 0.871 0.964 0.570
Zero flow 0.812 0.762 0.567 1.914 38.1
Variability 0.699 0.745 0.715
Seasonality 0.970 0.571 0.348 1.073 59.0
High flow 0.982 0.943 0.271 0.998 76.6
T J-3 } e
= Linear —— Linear —— Linear
0T wfew T T T Zeoflow  erabiiy
Figure 3. Spline regression fits of the index for each indicator in water quantity.
Table 3. Results of calculation in water quantity
Indicator St S S; CR* (%)
Low flow 0.0000 0.7139 0.7139 37.1
Zero flow 0.0009 0.7391 0.7400 384
Variability 0.1885 0.2822 0.4707 24.5

*: Contribution rate
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A4

matter)"2 JF5to] ALIAE AL A}, 5
7, 2R2RY-a BE5W THE(T-BOD, T-
TP) A &2] A% 3k 0.4340~0.71662.2 A& Al
g 7)ol Fe3ichTable 5). S &4A1, 7 A&
7F S Aol Bl A= FFE AY disstat Hi®
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Table 4. Results of EFA in water quality

Indicator Factor loading Communality MSA Eigen value Accumulated variance (%)
BOD 0.950 0.902 0.727
TP 0.945 0.892 0.843
TC 0.815 0.664 0.733

4.407 73.4

Chl-a 0.798 0.636 0.720
T-BOD 0.860 0.740 0.830
T-TP 0.756 0.572 0.726
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Figure 4. Spline regression fits of the index for each indicator in water quality.
Table 5. Results of re-correlation analysis in water quality
Indicator OM* Chl-a T-BOD T-TP
oM 1 0.6913 0.7166 0.6171
Chl-a 0.6913 1 0.6395 0.4340
T-BOD 0.7166 0.6395 1 0.7381
T-TP 0.6171 0.4340 0.7381 1
*: Organic matter
Table 6. Results of calculation in water quality
Indicator S § S; CR (%)**
OM* 0.3276 0.4824 0.8100 26.3
Chl-a 0.3467 0.3573 0.7040 229
T-BOD 0.0000 0.8158 0.8158 26.5
T-TP 0.0000 0.7509 0.7509 244

*: Organic matter, **: Contribution rate

(1) 2MEf 282 L}E}‘IH‘J- 4—5/‘44—} MSA 7L% FAE TR (TDL
2AlE] BBl 213 qolEa Wl AltylA F trophic diatom index), A A/ 52 35 & (BMI,
g B oA BE A O] AFHAof ThEsl= Ao benthic macro—invertebrate index), ©]5 (FAI,

fish assessment index)7} 2+ 0,707, 0.771, 0.826
T} 0,784, 0.704, 0.659% W= x| 3F 2| g4 o] ut
Ao 2 et

AR KMO g}— 0.7072 e o1 Bartlett
AARL ZAF 7O Al 127.770, S22 p = 0.000,

—‘—O
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Spline regression fits of the index for each indicator in aquatic ecology.

Table 7. Results of calculation in aquatic ecology

Indicator S §¢ S CR* (%)
TDI 0.1586 0.5410 0.6996 30.0
BMI 0.0001 0.7840 0.7841 33.6
FAI 0.1953 0.6550 0.8503 36.4

*: Contribution rate

0.5758~0.,7278% ZLL AR 71 TSk A # ZWW B_LZ]TOﬂ s & é%@i =HAY FFe
2 UERT, Figure 5= 48 AEEof et A2 2= vl 7194 Qs A O2 e THTable 7).
2 A 9wy HE AZeelo] A3 FHoR ghd, AA e BE2 A AU (HRI
3N A E B As| H|Set 02 ERyi) habitat riparian index) A ZF7} V|& @xo] B4
R S EAER, 4 RAETE, ANRAE 2 eeka) gk 9 Al i
5=, oF AR7 FEA vA= F
_ 22 X A A
(CR, %) 30.0, 33,6, 36.42 2 3jo]7} gli= Ao 4) HF AL A A
UEht A o] e A3 A glo] 9 A Table 82 A& IS 5ot 2AH A %9
Table 8. Analysis results before and after selection of indicators
. . Indicator alteration .
Dimension Alteration reason
Before After
High flow Exception of aggregation Low anti-image correlation coefficient (0.348)
Low flow Low flow
Watejr Zero flow Zero flow
quantity
Variability Variability
Seasonality Exception of aggregation Low anti-image correlation coefficient (0.271)
BOD
TP Organic matter Double counting by high correlation in inter variables
Water TC
quality Chl-a Chl-a
T-BOD T-BOD
T-TP T-TP
. TDI TDI
Aquatic BMI BMI
ecosystem
FAI FAI
Hablt'at—rlparlan HRI HRI
environment
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Figure 7. Results of ecological soundness index.
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