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Abstract

This study utilizes the Trophic Diatom Index (TDI), Benthic Macroinvertebrate Index (BMI), and Fish Assessment Index (FAI) to evaluate the aquatic
ecosystem health (AEH) of the Namhan River basin. By applying the Hidden Semi Markov Model (HSMM), the study aims to analyze the transition
probabilities and complex patterns of AEH, thus providing critical insights into the dynamic changes and underlying causes within the ecosystem. The study
particularly emphasizes the impact of water quality and hydrological variability on ecosystem management and conservation strategies. The TDI analysis
indicates that State 1(Good) presents the highest water quality, suggesting potential habitats for diverse biota, while State 3(Poor) shows low TDI values,
reflecting high nutrient levels and water quality issues that negatively impact the ecosystem. State 2(Moderate) represents an intermediate level between
these extremes, with water quality and hydrological variability playing crucial roles in state transitions. The BMI analysis reveals that State 2(Good)
exhibits excellent AEH, with high diversity and abundance of benthic macroinvertebrates. In contrast, State 1(Moderate) shows a relatively stable yet
stressed ecosystem, and State 3(Poor) is characterized by significantly deteriorated AEH. FAI results show that State 2(Good) has a robust fish population
and good water quality, indicating high ecological health. Decreases in FAI values in States 1(Moderate) and 3(Poor) suggest varying levels of stress, with
temperature and BOD increases identified as major driving factors. This study highlights the need for a comprehensive approach to assessing and managing
the ecological health of the Namhan River basin, incorporating various ecological indicators and hydrological variability. Understanding the characteristics
of each state and developing management strategies based on these insights are essential for sustainable AEH management. Developing and implementing
strategies to maintain and promote each state will play a crucial role in ensuring the sustainability of the river basin’s ecological health.
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Fig. 1. Study area and geographic distribution of sampling stations in the Namhan River basin

Table 1. Biota stations and water quality stations used in study

737

37.65°

No. | SBSNCD Biota Station Water Quality Station Type
1 100301 Yeongwol2 1003G002 Yeongwol2 1003A05 Mainstream
2 100320 Mokhaeng Bridge 1003G106 Mokhaeng Bridge 1003A85 Mainstream
3 100505 Wonju 1005G075 Wonju 1005A60 Mainstream
4 100706 Gangcheon-2 1007G068 Cheongmicheon6 1007A15 Mainstream
5 100708 Gangcheonl 1007G074 Yeojul 1007A25 Mainstream
6 100711 Yeoju2 1007G108 Yeoju2 1007A40 Mainstream
7 100718 Gangsang 1007G214 Gangsang 1007A75 Mainstream
8 100105 Songcheonl 1001GO16 Songcheonl 1001A05 Tributary
9 100213 Pyeongchang River5 1002G092 Pyeongchang River5 1002A55 Tributary
10 100414 Dalcheon6-2 1004G092 Dalcheon? 1004A60 Tributary
11 100606 Hwacheon (Wonju) 1006G040 Wonju Stream1 1006A50 Tributary
12 100610 Seomgang River6 1006G080 Gangcheon 1007A20 Tributary
13 100705 Cheongmicheon3-2 1007G050 Cheongmicheon4 1007A10 Tributary
14 100708 Ganmaecheon 1007G076 Yeojul 1007A25 Tributary
15 100710 Yanghwacheon3 1007G124 Yanghwacheon4 1007A44 Tributary
16 100713 Bokhacheon2-1 1007G152 Bokhacheon2 1007A46 Tributary
17 100714 Bokhacheon5 1007G162 Bokhacheon5 1007A55 Tributary
H2jof tiet 2ol & op7 |2 Al o2 Helth A<= Figs. 2(a) and 2(b)°ll ReF=o] loH, 8 DAl=

23 2o} WA, =7 25289 ©H9)(Standard-size water-

shed unit) & 7|&0 2 F7F

2] 54 912 479 7, QGISE

o]-8-5to] B4 (Biota) T} =H(Water Quality, WQ) 57 A
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Fig. 2. Flowchart for the integration of biota and water quality stations in river network analysis
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Fig. 3. Structure of a Hidden Markov Model (HMM)
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Hidden States
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Time
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Fig. 4. Detailed structure of a Hidden Semi Markov Model (HSMM) with time and duration parameters
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Table 2. Grade of TDI, BMI and FAI

Grade TDI BMI FAI
A 90 <~<100 | 80<~<100 | 80 <~<100
B 70 < ~<90 65 < ~<80 60 < ~<80
C 50 < ~<70 50 < ~<65 40 < ~<60
D 30 < ~<50 35<~<50 20 < ~<40
E 0<~<30 0<~<35 0<~<20
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A 717 R BEE b Bt A RO EAVG W
AL g YetH, o] Al-37H HekE FeFelol= )
F08 AL AGHT, o} 7 s}elo| WP 53
ofl v 2= A F&FS 7ot vl -85ttt Qanme &
A 717k &<t I obd feFo] Hafk ok R =AY
2 Fr 5 et o]= sk f5e] Mgt e A A
7ol n] A= FFS E4ok= o] DAl Fg=olt) shd f
F ol b, SEAL QI F A REL 22 5 TR 849l
O] FFE o, s AJeA W A4 $75 o] Hatel 25 A
O 2 AYEh 2 A= ol 71 eSSl At
o 4 [0 o] Ak W Fo] A 7473 vl A= S B4
staTh

4, 24 2y}

2 A2 ] RS 3 It ol
BIC (Bayesian Information Criterion) ¥ AIC (Akaike Infor-
mation Criterion)E 7|52 2 2~57]1 2] AFel| 4=of] tfj3f] H]
A, State=3 47 A| RHO] A= S|4 7RsAdo] B
o QA FEEL7] whEo|tt. Eot ') X EE(TDI,
BML FADZ & W, 'S5 — S0 - B 9 Al 712] Ael +
o] et shAle] 4§ AT XS WFE ATE 5
oltta WetstATh Ae] 45 47] o]Ato 2 AT Ao o

AN =
FAAE S E e R 2 @A AsIHAL 27 o5

- i o o

739 Jeeh Tt of A K A FA7F e T ok
2 Aol M= 3719] AdHl 2 AR mdo] X|Zolafar w
T

Figs. 5~7° A4 5 (a)= 2008'3~2023'9 9] 47
A A4 A A D B HE(heatmap), (b)=AH] 7H Mo &S 1}
Rl Ho s, (o)=FEE 117 Z4=(boxplot), (d)="¢
Hj 7t o] 1tk A|Zk2} A3, (e)i=MDS +4] A2 ZH ]
7ro| At Avl et - B4 AT (D~()= dHE

2 9 2. 7]AF S (Panm: mm, Qanm: CMS (mY/s), Tw:
, BOD: mg/L)2] EZE boxplot &2 AJA|SHH, FU 7k, A
w9 ol g R E A o = B E o Uk T
Boxplot 2] A }(Interquartile Range)= H|o]E] 2]
50%E eI, 58 9 7|/ H-o] A e 2
O] FxA 2ol & Al ZHH o7 ZFx3it)

[HUD I 17

ot

C

P

]

@)

L
ol
oL
i)

r
s

M ofN
%

4.1 B 2+=Z-9F2| 2~(Trophic Diatom Index, TDI)

Fig. 5+= &P 2572t A5 thd 2 & TDIE &85}
o HSMM 295 283t A-E LT Fig. 5(a)=2008
WAHEH 2023712 of 2] 2150l 4 7€ TDIE S|EHY @
B2 AAloF o m, M-S Fe|gho 24 37]2] A el 7F S}
£ avA 0 2 Uehilith. 7 -2 B o AR A=A A
FE & AR oR7HA 4Estelth. HSMM= ©]-8-¢F
A2 7+ Ayef| 719 o] EhE(transition probability) F7©]
ottt Ho| &0 AAllet 242 5 e A W] A7E
YA M-S RS ot opy ), 34 st T
of gt mlafj o] e Al 17343 SHolA A el HEtE o=
Sh= o] 22 Ft}. o] Fig. 5(b)oll A 418 4= Qi

Fig. 5(c)ollAl TDI= el 10114 Al 2, el 302 A5
Aashe AFE Holw, o]=/dH] 10] 5488 2173 S
A 7V 9=rotal Adel 30] AdHiH o 2 7173/ o] F ettt
A& oJu|gitt Fig. 5(d)olA = 8] 2014 2 o] Hl=7t
TEE| QAT o] AH 20 AlFAIZ O] A Hw A HY
HIE FAISHL 2 AlAFobH, A H 3.0 2.9] Zo| & w5}
AU AE A 31588 Sl e 129] §liE0] A doju=
Z-& e = Q)T Fig. 5(e)2] MDS £4] Z3= HSMM-&
ol e ZH A7 A = duhd e T 7P A 1] st
A5 U, dEl Sl 445 A& fAlshH gelot
Al B =lo] Qlou R ZH e o] 5 A4S ATdS 3
7¥st7]ell A d skt Pk Figs. 5(f)~5() = e 4
A a7 7V A RS YRl 4 Q11 Tw
S} BODE=AH] 1914 A 302 452 Z7lele AFS B
At ol= o] efsheof whet =AY Hf 473 ol A<

N o o

U}




742 J. Kim et al. / Journal of Korea Water Resources Association 58(9) 735-746

1001G016

1007G214

=
0.24

(b) Transition probability

D O O N OO X000 09O QN D
RO IRNORN SR SN R SR\ SR SN IR SO A  g
L S I S S S N S
Year
(a) Spatiotemporal distribution of TDI
Health Index Distribution 100
100 —_ T " g
80 x5
>
é 60 g
= —_ El
s e g 50
s ; ] [
fo =1
: it
: T 25
20 4 P
0 . H hl
state1 state2 state3 state1

(c) Health index distribution

(d) State frequency

200

100
150

100
50

50

H B 8 18 85 =

Panm
Qanm

-50 . - —_

-100

-50
state1 state2 state3 state1 state2 state3

(f) Boxplot of Panm (9) Boxplot of Qanm

-6
3><10

[ ] 4
[ state 1
state 2

MDS2

@
state 3

-100  -50 0 50 100
state2  state3 MDS1

(e) MDS

30 14

R I R
1: - 2-%-@;-

Tw
BOD

state1 state2 state3 0 state1 state? state3

(h) Boxplot of Tw (i) Boxplot of BOD

Fig. 5. Results of the Hidden Semi Markov Model (HSMM) applied to the Trophic Diatom Index (TDI) across the mainstream and tributaries of

the Namhan River

AFS v)H S-S LEPATE Boxplot 23] th2H, Twet
BODE=H| 7t 3L 9ot Fgtol 4] HElet Zfo] & Hol
o, 55| e 30014 A9 ARESIE 2 Ztigte] 24 S7 st
T}, ¥1H Panm @t Qanm &] Sk 2Fol= Algta o] a1 A ef 3
oAl Eato] JH o 2 7 £33 fE/do] EAEHAS
AAFRIEL,

TAH 0 &2 e} fo o v o] AT Bt A2
FZH Q] A H 2014 7P E2 RIS Byl on, 2T 3
7H2021'3~2023'3) F7 D AR A GellA= TDI kol 71
E2 A 19 Hl st v A YA 0 2 {2 = 1 Q9]
1= ZHA 0 Hlsf 7HAE A8 e] 7173 d 0] A|&H 0 2[R

U2 UER T 53] 2745t Mol o=z

HH@E-608)2 A5, A Aol s = B B

=

[*]

v K

ot
i
ol

o] ol 519 173 571eh 0.9 29| A mfel

o] & 7Hs 3 AlARRI.

4.2 2 M-S2SA|4(Benthic Macroinvertebrate Index, BMI)

Fig. 62 H3 27 A 75 thd 2 2 BMIE &85}
HSMM-= 283t A3-E A A ]I Figs. 6(a)~6(d)= A EHE
B AR Bl o) ig-& Bl dH 2= 4
H 7o) 7Y 4ok S Nl =1 2 AR/l
A YERTE BHA A 12 S 0] 788, A H 32
71 Fofet 175 HolH shRell A 2|44 o 2 ERxs5H3]
o} A Mol SHE-3 A HH, AFef 104 Al 22.9] Ho]7t
38%= LFEILE, S7t <ol A Yot A H 29] Bl5 o] vl
2 HH oA (A ohS H oSGt e 20014 AE) 129 A



J. Kim et al. / Journal of Korea Water Resources Association 58(9) 735-746 743

BMI
10016016 [ ——
1002G092
1003G002
1006G040

1004G092

1007G050

1003G106
S 1007G074
% 1007G152
& 1006G080

1005G075
1007G076
1007G068
1007G162

1007G124 [ 1
1007G108 - | 1
1007G214 P ——— . 0.63 S
& & 0 O A RO D D :
FPEFTETTT TS S S S S & 0.62
Year
(a) Spatiotemporal distribution of BMI (b) Transition probability
Health Index Distribution 100 202107
90 _ .
80 —_ I . 15/ o
0 : E| : B 7% state 1
5 ; & 10
2eor : g 3 stgtes
=50 : e 8 % g5
8 e s w
T40 : :g 0
30 : @ 25 °
5 5 state 2
20t :
10 . - | 0 -50 0 50 100
state1 state2 state3 state1 state2 state3 MDS1
(¢) Health index distribution (d) State frequency (e) MDS
200 30 14

100
150

100
50

Panm
Qanm

50f T : -

-50 . - - —_

-50
state1 state2 state3 state1 state2 state3

(f) Boxplot of Panm (9) Boxplot of Qanm

— 12
25 H

1FeHigr
I N =
5 =

Tw

0
state1 state2 state3 state1 state2 state3

(h) Boxplot of Tw (i) Boxplot of BOD

Fig. 6. Results of the Hidden Semi Markov Model (HSMM) applied to the Benthic Macroinvertebrate Index (BMI) across the mainstream and

tributaries of the Namhan River

ol =81%=, 7170 E2dHNE 271 2 3
AR Qe S =0 2 Aot 7l~o—*é°1 e *1
SHIT. TR H] 304 el 129] Hol=63%=, 71
7378 e A 7 2o w2 A 3154 # ‘21
S5 S2l519ThFig. 6(e) 2 MDS 4] A3} BMIS 7%
2 BE53eE 37 Aels TDISF 7 A &2 ats] Bal w9l e
o, g 2+ A7 AASHA FAES € 4 ST Figs.
6(H)~6(i)°ll Al+= TDI =417 -F-AFSHA Panm™} Qanm 2] F-%
2 AHE R F 2fo] & Holx] gigkont, viE g2 A
2 318 Aol & YT Boxplot =S H| w3 uf, A el
L A2 0 8 Z0 W o]o} LhO Zol7kS 1 ¢ o Hit 2
el 32 o gkt A9l W EQ17H SIS = o] A%
/Jo] Aot 270 UrERHTE. ofet o), 7k do] Y2 AF

IO—.é BN

HU52 Twet BOD ] WiEA o] uf-$- I A] Urelyt o, o]
=54 ksl BMIO] R4 2491 932 1332 AR
4.3 017 Z|*(Fish Assessment Index, FAI)

Fig. 7-2 @R} < o] S48 H] 250l A AlZtol| T2 FAL
O] HSMM-E-A] Aot} Figs. 7(a)~7(c)S Sl 37112 A el
2 BRE A BRI FAIZF =S4 2), S7HATE 1),
H2(dH 3) o= B SR 4= Sl o2k FAlofl, g H
104 e 22 2] o] ghgo] 67%= Y, St <=9 A
71—/1-1 o] OFG ’o‘]— APQ} = gig 7]._/1-1 o] lﬁ;g_% Elﬂ—r\:} u}
™ A 2014 Al 1 22] Aol = T5% =, =2 O A7} Aref ol A
& o 2 wale| met Fh <m0 2 A5k 4= e A
AYStC} EHATE] 20]| A AFEl 3.0 2 0] o] 352 25% 2,




744 J. Kim et al. / Journal of Korea Water Resources Association 58(9) 735-746
FAI
1002G092
1003G002
1006G040 3
1004G092
1007G050
S 1003G106 o
S 1007G152 7
S 1006G080 ? > & 2\6)
1005G075 A o2\
1007G068 S
1007G162
1007G124 1
1007G108
1007G214
SRS N R R R S I R ST A L N
S S S S S S S S F S : -
Year 0.33
(a) Spatiotemporal distribution of FAI (b) Transition probability
Health Index Distribution 100 %107
100 ! — ! b
- : 6 ©
state 3
80 9 75
= -8
8 : T g o
£ 60 : : =] 1%}
= B 8 S0 =) L]
[ t state 1
) s
» 25 -12 °
state 2
20
L i 14
‘ ‘ -50 0 50 100
state1 state2 state3 state1 state2 state3 MDS1
(©) Health index distribution (d) State frequency (e) MDS
200 30 14
100
150 25 - 12
- 3 10
100 50 : _
£ o e £ # : El a8 *
S 50 : ' - s 2 ; 5 - :
& : <) - e @ g ; :
15 3 ; :

SH=NE

state1 state2 state3 state1 state2 state3

(f) Boxplot of Panm (9) Boxplot of Qanm

10 L

N

sig=

state1 state2 state3

(h) Boxplot of Tw

state1 state2 state3

(i) Boxplot of BOD

Fig. 7. Results of the Hidden Semi Markov Model (HSMM) Applied to the Fish Assessment Index (FAI) Across the Mainstream and Tributaries

of the Namhan River

o
T

It
ol

‘gelfoll A HeFet e 2 54 6] o2k 7Fsd-2 A h
LTt Fig. 7(d)2] /e ¥k = TDI2} BMISH
Fefjoll et R 7h = 2] Qb v 27| Rxst= A& e
t}. Fig. 7(e)9] MDS+ TDI, BMI12] Ax}e} bzt
“FHIZE AR AR E fA0 F e E e
1 ATk Figs. 7(H~7(1)= 7=, 75, 72, BOD 5=
Bl o) F A AR B FHRE | GRS v|A = 20ES UE
Wt TDI, BMISHGAFSHA, Panm @} Qanm @] 2 ATE)
A2 Z2tol7t gl A 0= FIEE Lo A EH S oA
7P 23] 204 HE/do] i o= FA YEhar gL
o}k Twe BOD=dH] 2014 3] | 2 dHj 30 = d45 3
7oz 7S Holm, AgH 2014 WHg/do] 22 EAS UE
a1 Qlet. o] 2|2k FATL Aol A Twet BOD= A H| 2014
71 P E R RE Hol=Hh, AJE] 13} 304 4kt o]

2 o
Hl

HSA [
ok |o
o>

I N

J% ﬁ ok

o
o

AL E s A2 Ee A S aEE A
T olFo| 2EHAE FEO| s ST Panm e}

ete] BRel 21 Foll A S BAETR|44(TDN) <t
AXSEAG(BMI), o1 FA=(FAD A =8 v o2 24
F0tEE RE(HSMM)S Z-g5t0] 2 A 7ke] Ho] &+
A8 el) 773 Apm o] Bt sfel-g BA st o] gt

AR A0 Tlakek Al 7ko] 54 wiskE ol st



J. Kim et al. / Journal of Korea Water Resources Association 58(9) 735-746 745

1, 551 AHA el A1 9] g wi2tet 1 Q1S g5kl
FAARE AFR, 2 Aol TEH HSMM 24 4
V=2 S A B R Aot g B B4 Ho| =
HoASFoh TDI=AH) 2(57h el Al Aol 21 A
(B L29] Ho] 7F5/do] ‘7’30}*0*1’41312& ¢Hg2]o]ar
AR HI} EH S H J ‘%‘_}Eﬂ BMI=AE] 3(HHE) ol Al el
1(FhHE=AH 2(F2) =9 %7—5'.? 35 Hol7F FEsHA
UEFTE FAIE= 2 H 7} 1401 7}% Jol] = FE2E o] Q)
O, o= ofF ZHAlHol Egao) izt L &
A 9] £F AT e /\V}O]ﬂ'. 2 AT= 59
A 2 25 42 ohaat Ak

AR, H2-ED 2] 4(TDI) =4 A3k A 1(E)°] 78
d =2 TDI Lo = thrt 252 A
A1 7Fs/d = AAKST. A Hl 3(HE ol Al W2 TDI 3h2 &=
BE T FAE e, s Al F84<1 9%
0|2] 21 Q13- ER it A 2(Fhe T =2 Aelel &
T2 Holgr, 4 W 7oA HE o] o] 5 AJE 1t
O] Agte] F 83 At sli= A o =2 Pri=|qick 55| 5E¢4
H~6Y)0l Pt o Aol AR A7 ol 173 A
7 W ER= 7ol UEl o, o= R 7l e o ¥
2 314 gt g A A1eh Zi4Ax A Ziii Hlr,

A, A FEABMI) 24 A AH 2(F2) = AZH
Al e] 8 178& Uil e A4 5 =< E} Fak 7HA|
F7HEA TEE A AH 1(FTHollA= BMI gte] Yotz
= ATFEHIoH, ol = AHAT AN A EH A G
=] Lo} Pt B9 AdHl = o 2k AS AAFRIT.
HHH AFe 3(UHE) ol A= BMI o] o9 WroF el Al o] 7
/o] 3A| Aot g2 Uetditt. o] gt A= 4d 2 &
2ot M5 JFS AA o Twe BOD| $7H=
BMIOl| 5441 Gk m3lth= & Zr=3bct e 1+ 4
o] EE FA2 o 2gh 2|4 Wl A A7) ﬂi =4

(98]

ut

o i o rlo 4

9,

gl

A A 2% )iﬂﬁi%ﬁﬁamﬁﬁﬂﬂmﬂqﬂi

2904 e 1(FRh ) g
ope Sefuick

A, 01%11*(FA1) B4 Ayt A 2(F2) A= o7
ThAEe] SRt =2 o] 9481 Hhed ot AJefA| o] w2

AZAS eI A 137D eI FAL gho] Z2ted
SR Alo] AT AE | AT E RS, ST A7 A
Sh= ohfehs AL AAakE Vel 30 HB) Ol A FAT 2]
uﬂ_?_ 0}01 quﬂj}/ﬂﬂ—s}/\Egﬂ/\Etﬂ——l 01_0_214.
ERfT) o] F2 Twi} BODE] 710l oJsff frats]e, 44
2l 2 oHA] §/d o] FALO| ] 2= Gk 8 H A ¥

o 2 ek 4ok B 25 1o Agolch. A 2%
2904 A 1(Fh RO o FEo] e AL A 2AFD)
of Qo] €15 217 wialel FoK 4 91e-S olmlstei, 4
o 3ROl el 2(52) 2 9] 2 o] EE-L A £
7} AV Y o W2 52 o] 75 3he HefEet,

l

O[] B4 Bl AL ATH BT 0 SAENA
o] 747 W7} 9 o] Qlot A Theke AJel A st 4Rt
A WSS TEH0E Tefslol ¢ Axe AN
HSMM 7[5 B4 A A7) shae] el Al Al o,
ﬂﬂ%%%@%ﬂEHH%$ﬂ§&2%$*¥ﬁﬁw

= rh2 A OAAR Ele 5
oA 8 A e A A 2 1]
27 2 7lo] Bajo] 7hsstod, Hlole] B3 27014 5
AT A 27 WSRO E 88D 5 AT FE VPR
oo} A A 2] 87| AR A B e A AR 3

g 4 = AAEE Q.

it

ST SN B B vl
2 A Z}s} 1ot AFH(NIER-2024-01-02-059)” of] 2] 3]

This work was supported by the National Institute of
Environmental Research (NIER), funded by the Ministry of
Environment (ME) of the Republic of Korea (grant no.
NIER-2024-01-02-059).

Conflicts of Interest

The authors declare no conflict of interest.

References

Abramowitz, M., and Stegun, I.A. (1965). Handbook of mathemati-
cal functions: With formulas, graphs, and mathematical tables.
Dover Publication, Mineola, NY, U.S., pp. 253-294.

Chhaparia, M.D. (2023). Health behavior inference from continuous
blood glucose data: A hidden semi-Markov approach for
patients with diabetes. Ph. D. dissertation, Texas A&M Uni-
versity, College Station, TX, U.S., pp. 4-20.

Choi, G.W., Chae, S., Chang, Y.G., and Hwang, Y.M. (2010). “An



746 J. Kim et al. / Journal of Korea Water Resources Association 58(9) 735-746

experimental study on the change of hydraulic characteristics
by the training wall.” In Proceedings of the Korea Water
Resources Association Conference, KWRA, pp. 561-564.

Ficklin, D.L., Stewart, 1.T., and Maurer, E.P. (2013). “Effects of
climate change on stream temperature, dissolved oxygen, and
sediment concentration in the Sierra Nevada in California.”
Water Resources Research, Vol. 49, No. 5, pp. 2765-2782.

Hari, R.E., Livingstone, D.M., Siber, R., Burkhardt-holm, P.A.T.R.
1.C.ILA., and Guettinger, H. (2006). “Consequences of climatic
change for water temperature and brown trout populations in
Alpine rivers and streams.” Global Change Biology, Vol. 12,
No. 1, pp. 10-26.

Hernandez-Suarez, J.S., and Nejadhashemi, A.P. (2018). “A review
of macroinvertebrate-and fish-based stream health modelling
techniques.” Ecohydrology, Vol. 11, No. 8, €2022.

Jiang, X.M., Xiong, J., Qiu, J.W., Wu, J.M., Wang, J.W., Xie, Z.C.
(2010). “Structure of macroinvertebrate communities in
relation to environmental variables in a subtropical Asian river
system.” International Review of Hydrobiology, Vol. 95, pp.
42-57.

Jin, H.S., and Lee, D.G. (2011). “The values and objectives of en-
vironmental education focused on organic matter indicators.”
Korean Society for Environmental Education Collection of
Academic Conferences, pp. 169-176.

Kang, B., and Son, J.K. (2011). “The study on the evaluation of
environment function at small stream-In the case of Hongdong
stream in Hongsung-gun.” Journal of the Korean Society of
Environmental Restoration Technology, Vol. 14, No. 5, pp.
81-101.

Kaushal, S.S., Likens, G.E., Jaworski, N.A., Pace, J.M., Sides, A.M.,
Seekell, D., Belt, K.T., Secor, D.H., and Wingate, R.L. (2010).
“Rising stream and river temperatures in the United States.”
Frontiers in Ecology and the Environment, Vol. 8, No. 9, pp.
461-466.

Kong, D.S., Son, S.H., Kim, J.Y., Won, D.H., Kim, M.C., Park, J.H.,
Chon, T.S,, Lee, J.E., Park, J.H., and Kwak, 1.S., et al. (2012).
“Developement and application of Korean benthic macro-
invertebrates index for biological assessment on stream
environment. Proceedings of the 2012 Spring Conference and
water environmental forum of Yeongsan River, KSL, pp.
33-36.

Kwon, HH., Kim, T.J., Hwang, S.H., and Kim, T.W. (2013).
“Development of daily rainfall simulation model based on
homogeneous hidden markov chain.” KSCE Journal of Civil
and Environmental Engineering Research, Vol. 33, No. 5, pp.
1861-1870.

Latif, S., Ouarda, T.B., St-Hilaire, A., Souaissi, Z., and Rehana, S.
(2024). “A new nonparametric copula framework for the joint

analysis of river water temperature and low flow characteristics
for aquatic habitat risk assessment.” Journal of Hydrology,
Vol. 634, 131079.

Lee, S.G., Choi, Y.S., and Lee, B.H. (2014). “Visualizations of
asymmetric multidimensional scaling.” The Korean Journal of
Applied Statistics, Vol. 27, No. 4, pp. 619-627.

Ministry of Environment (ME) (2015). Nationwide aquatic ecologi-
calmonitoring program. National Institute of Environmental
Research.

Mohseni, O., Stefan, H.G., and Eaton, J.G. (2003). “Global warming
and potential changes in fish habitat in US streams.” Climatic
Change, Vol. 59, No. 3, pp. 389-409.

O’Connell, J., and Hejsgaard, S. (2011). “Hidden semi markov
models for multiple observation sequences: The mhsmm
package for R.” Journal of Statistical Software, Vol. 39, pp.
1-22.

Park, Y.J., Kim, K.D., Cho, Y.H., Han, Y.G., Kim, Y.J., and Nam,
S.H. (2011). “Habitat classification and distribution charac-
teristic of aquatic insect functional feeding groups in the
Geum River, Korea.” Korean Journal of Environment and
Ecology, Vol. 25, No. 5, pp. 691-709.

Park, Y.J., Lim, HM., Kim, K.D., Cho, Y.H., Nam, S.H., Kwon,
0.S. (2010). “Community analysis based on functional feeding
group of benthic macro invertebrate in Wangpi-cheon.” Korean
Journal of Environment and Ecology, Vol. 24, No. 5, pp. 556-
565.

Regier, H.A., and Meisner, J.D. (1990). “Anticipated effects of cli-
mate change on freshwater fishes and their habitat.” Fisheries,
Vol. 15, No. 6, pp. 10-15.

Ruiz-Suarez, S., Leos-Barajas, V., and Morales, J.M. (2022). “Hidden
Markov and semi-Markov models when and why are these
models useful for classifying states in time series data?.”
Journal of Agricultural, Biological and Environmental
Statistics, Vol. 27, pp. 339-363.

Singh, R., Tiwari, A.K.. and Singh, G.S. (2021). “Managing riparian
zones for river health improvement: An integrated approach.
Landscape and Ecological Engineering, Vol. 17, No. 2, pp.
195-223.

Sofi, M.S., Bhat, S.U., Rashid, 1., and Kuniyal, J.C. (2020). “The
natural flow regime: A master variable for maintaining river
ecosystem health.” Ecohydrology, Vol. 13, No. 8, €2247.

Ward, J.V.(1992). Aquatic insect ecology, John Wiley & Sons, Inc.,
Hoboken, NY, U.S.

Woo, S.Y., Kim, S.J., Hwang, S.J., and Jung, C.G. (2019). “Assess-
ment of changes on water quality and aquatic ecosystem health
in Han River basin by additional dam release of stream
maintenance flow.” Journal of Korea Water Resources
Association, Vol. 52, No. 10, pp. 777-789.



