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Abstract — This study presents a comprehensive meta-analysis of 624 academic publications spanning five decades
(1964-2025) to trace the environmental trajectory of the Nakdong River basin and its estuary. The findings reveal that
the physico-hydrological environment underwent imeversible shifts following major structural interventions,
namely the construction of the estuary barrage and eight multi-purpose weirs. These structures significantly altered
flow velocities and sedimentation patterns, exacerbating water quality degradation. Recent research (post-2010s)
highlights that the formation of stagnant water bodies, coupled with climate change, has increased the vulnerabil-
ity of the estuarine ecosystem. While current partial gate openings show positive signs of ecological recovery, such
as the migration of catadromous species, achieving full restoration requires setting quantifiable targets for indige-
nous freshwater fish recovery. Furthermore, engineering countermeasures-including footing protection (HR[E T)
to prevent scouring and aeration systems to mitigate algal blooms-must be integrated. This study concludes that a
paradigm shift toward Integrated Water Resources Management (IWRM) is essential to restore hydrological resil-
ience and ensure sustainable ecosystem services in the Nakdong River.
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LM B

YEAE F H2 44 oF 5215 km, 79 B3 23,656 km?©]]
2= I Al29) o, ZAs HA] Falaleld welsle]
g A9L A58 7 FEHE YD hPark ef al[2001];
MOCT[2006]). 957 A= Andong F-2olH o8] 277} &7
Blo] THF31tk7} Sangju, Daegu, Saanrangjing #1X|™ Wuicheon,
Geumhogang, Namgang, Milyanggang 5 52 X792} 5= o]
Ahgr sHAD-S A FTHFig. 1). AFHOE o] %L IET
EE AA HEE FEEY, o] e BAE IS 7
T8} #lg7) AAhs 95211 0|8 A|tE I3l krh(Nakdong
River Basin Environmental Office[2025]). 57 8}+-2] #1334
ML A3 2 g3 71535 210H, 1900 d ) & Seo-
Nakdonggang®ll $1X8E T+ 2% 19359 Noksan gate 3 Daejeo
gate®] ZA=E 13| A S5 WO T ol F3NTHFig. 2).

o]F 1960t AR 247} 1980:d ] S 714 (1983-
198739)s 71322 Y7o 283 3L TEHA W E &
olsloitt. 53] F9% 2,330 moll 25k SRS 7L ARE

9] ¢ FYE SA8) Al 859 9 Fa& 7HsA 8t
Ko}, FA s ARAQ 8 AAE #HAE T2E AE
= A9E ZsI9tHMcLaren[1981]; Kim and Kim[2014]).
S &F o]Fol= 1990t THAARY, 19953 FAke) 418
g7, 200090 S5ECE 2 5 dEE ER AlQle] A&H
L THMOE[2015]). ©]2i3t Tgell A LA it R v F4L&
FE TZF A0, 1980 F7E] 2000d 0] A =
275 (Doyodeung), "5 2}5 (Maenggeummeorideong )} -2 Al
E& AF(Sandbarys B9sH= T sH A #73<] HstE o)
31tHKim[1992]; Jang and Kim[2006]; Jeon[2010]). 3HH, 3}=
5 746 & £7)% ool 4 o3l 7154 AuiA 14,
AN =4 fE 2 R 27 o e 2L A% 8333
Hzhgo] 44k 91 THAN[2015]; Song ef al.[2014]). TI=°] 2013
d & Y A3E A% 57T 2 A9 2009-2012d Alo]
Y57t Biell 248 o9 s B (weirsye sH2] 28]
E4E oA 3 F48] M3 ZATHFig. 3). Kim et al[2015]9]
Aol W=, F AFF < 59 6,9407 mel Bsh= B A4
kg diftE 248 89 4S5k #5458 BANA,
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Fig. 1. Nakdong River basin and estuary.
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Fig. 2. Topography before (1985, Jeon[2010]) and after (2024, KHOA[2024]) the construction of Nakdong River estuary barrage.
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Fig. 3. Multi-functional weirs constructed in the Nakdong River
basin during the Four Major River Restoration Project.
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el Foiet 8L A2 JE Ao Yt o] UdF
79 Ad & A7) B2 ARISe) S E Afdoleghe HES)e
AEA] APF 47 HPIS Folged, A= A A3
71503} uhE - A7 HElA A ge goldt £
35t 9 Q58 #70 = olaysta Ut wekd ¥t s A
F99 84 AGE gt o e Adsl= 2L T8AQ A
g olFFIA)E B 3k 54 2 A% s 34 @8 A
AL FYshs o B5Folt o]ef & AF& Ad 504 d3te]
AT AIE AAF SR F45l £ 839 A71A Wizt 54

= TEIL, °18 R 1EA 3] A 5 A% A
Y = ke ANERLA it

2. Kj2 2 i

£ A9 196435E] 202597F4] 57 H-(Nakdong River
Estuary) 3! <] (Nakdong River Basin)S th}0.2 S35 =)
8] g AFE FHE o7 HEsg IF AR dEEEX
SAN(KCD U B |&=7 AEAA(SCYSCIE)T &0l A
AR =F QFeE s3lon, g4 H L] KISS(Korean
Studies Information Service System)2} ScienceDirectS -85}
A FARE AAEISIH

Ho|E = 79 A 57 3, S “Nakdong River
estuary”S 34 §0](keywords)Z 235}, 12} NS T3l F
62499 IH AL 28301, o] F AR A& &Y
7I9EE 3l 4 ddg AR5 53], B 47 53
Q1 22 &3 A3 1S {3l 8 E 2 s E(weir) 23]
UE g 458 FF $3 H3lE $HFHeE dE T =7
300 BE sl A5 B4E A8

=3, ST 799 iF 2 e B9t AR 4SSl
FE71BAA AT FAY Qe 712 AEE GEsiith A
Ao 72+ Y579 877 (Nakdong River Basin Environmental
Office)®] % A=, NS PFPRIHMEIS)S] 37| 3 87
BUHE AR, 283 SHFR2A M KHOAX] 24 B d /%
5 A5E 3-8 ol Q) s 4S8
3l A4 9 4 Al ¥ 813 84 HAAE Adst
A AEsI
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31526 ¥ /Y &4 2 o =8
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G e -G8, 2 27, 7F 6K 3= 8, sigd
HEEskre 9 3, 73] 48, 9 AN 73 a8 A+
FAE X85l £ o= BRI 3, 72 o=
Ant=A3-E21 DO, pH, BOD. COD, TOC, SS, FUAFN, P)=
&, 713 2E(V0Sy), Ta5T nEAER o #as A+
FAE Tska ik =3 A B M= 548N E93E,
AAEAANAZF £, ofF, AEF(El: AL, Zostera
maring), T2 Lutra lutra), S3 FZFF-(Mycrocystis) (5
@), 9F7=x, FA S A 22 (el: Ecopath, F¥T+
YA 5) 53 dES A7 FAE Tk Ut T, FH
7] M HFEY AR, LR W), HHE T35
g9l {718, A8 A A8Hd AT FAE st Qi

Table 19] Ad}of tj29, o33} 2-& 3780] 7hs8ict

1) @F Fopd Y X (FAIF F9)

$E574e] AA Q7= 5 873 ddel JFE FEE Holn
Utk

@ Al A AT Bok: 732 373 (26.0%)T BE $7(26.1%)°]

A a2 Ant o3& AR 7FE AR AT FAZ A
g #z Yt

© 83 84 W3k 55 84 2 A3(15.3%)7 27154
3(12.8%) o7t 1 HE 9 Yo, 3] AHF Aste}l & +
& AAle digh g3 Bl #52 ¢ At

© Al 2 53} Fof: 2010d) o]F 543 H o2 FYPE=
A ZERAE AR 7] (4.2%)2 B (3.2%) Q7= AiEe R
H1ES wou, 8 Al §59E& wkgshs Aot

2) AAIRE AT FOl(GAHE F9)

F5739) F2 I3 A W 3 Wizl ulel A7) <3} o)
Wzl gict

G 27] A7) (1960:H0-1990h): AT LE =77 3 &
el HEROH, 55 74 A17](1983-1987)0 % &4 §73
98 A= wulEiGict

© A7+ 2493517120009t FHE-&A): 20073(3H)S 71Ho=
ATedo] FF87) AFsle, HZolle vid 30408 i) AT
7} FE3) AR %716 JYEsi

Table 1. Classification of research papers related to the Nakdong River basin and estuary (1972-2025)

Water

Physical Sedimentary

Biological Environment

Hydrology/

Quality
Environ-
ment

Fish/
Benthos/
Algae

Year Environ-
ment

Environment/ Phyto:Zoo
Geomorphology plankton

Vegeta-

Marine Cliate Micro- Migrant Estuary
Bacteria/ Mammal Change plastic Birds esources
Microbes

Total

1964 1

1965

1966

1967

1968

1969

1970

1971

1972 1
1973 1
1974

1975

1976

1977

1978

1979 1

1980

1981 1

1982

1983

1984 2
1985

1986

1987 1
1988 1

1989

1990

1991
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Table 1. (continued)
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* Water ; Biological Environment
Year Eﬂfﬁiﬁl. EQu‘?’jty ‘Eﬁﬂ;?;en?nfnyﬁ Blofioiag o I | Kok, Matioe H)((zdliﬁ:ftgy / Micro- Migrant Estuary ...,
m— nviron- . orphology  plankton Benthos/ s Bgctenaf Mammal Change plastic Birds esources
ment Algae Microbes

1992

1993 1 1
1994 1 1 2
1995 1 1
1996 1 1
1997 1 1 2
1998 1 1 1 3
1999 2 1 1 1 5
2000 2 2
2001 2 2
2002 1 4 2 1 8
2003 1 4 2 1 1 5 14
2004 1 4 1 2 1 9
2005 2 5 1 1 2 8
2006 1 3 1 2 1 11
2007 2 6 4 1 2 3 2 2 22
2008 5 3 3 1 2 14
2009 4 2 1 3 1 D 1 17
2010 1 6 3 3 1 4 2 5 25
2011 4 7 5 1 1 1 7 2 28
2012 7 2 1 1 4 3 2 20
2013 1 8 4 4 3 1 4 6 2 2 2 37
2014 6 4 D 1 1 D 2 1 6 31
2015 3 8 7 2 3 4 2 3 1 31
2016 1 ) 9 4 4 3 3 2 27
2017 2 7 4 5 1 i 26
2018 1 8 1 4 4 1 2 1 22
2019 1 11 8 3 4 1 1 29
2020 2 10 5 5 1 1 1 1 4 1 1 32
2021 1 10 9 8 2 2 1 4 1 5 43
2022 1 4 3 2 1 1 4 2 1 2 21
2023 9 3 11 1 3 3 5 2 1 38
2024 | T 8 6 3 2 4 6 1 38
2025 2 9 3 5 1 1 4 2 6 33
Total 32 163 96 83 42 16 18 4 80 26 20 44 624
R(*;,i‘)“ 51 260 153 13.7 67 26 29 06 128 41 32 70 100

© 5% A7) AF 47 vl ISR AA1E 200914 3.2 5125 44 o HU&Z 59| 22| &

1. A

20124 Alolell= &
oz FYHJT

3) 8h=3 AXHE Bl =2 9ok

Table 1°] Yepd AR E T8 & o, &3 s 479 &
2 29 Table 298} 22 =834 A2 & 71 Q).

AEHLE, ol8 AT/= $E7 37 Ee3] AYF BAE
Hoj <A AP 7o) FRAH o= A a3 dFYS B
Fr, & 7]3ste} o B4 thgshs e A7 F
o] o3k E& AL STt

4, 54, 8 873 wsle a3 a7 JF

321948 9 9% EA1962d 112-1963 102)

Won[19641°] Y57 &1 27) el A3 JA) 2AE
3l vl g oiz7el] 2493 Aol w2, 85 14 o]d 3F
7 399 2 9 RS T AR S4E Bl &, &
22, 280] 4.9-92°CFF1: 69°C), 58] 13.6-17.5°CFF: 15.6 °C),
890] 249-30.8°C(E 1 28.3°C), 11290] 92-12.8°C(EH: 110°C)=,
ISP 7FE E=A Jehdh v, 98-S 2€0] 17.60-21.90
psu(ETF: 20.72 psu), 590] 2.38-19.51 psuCBL: 11.69 psu), 82
0] 0.91-13.82 psu(H ¥ 5.37 psu), 11-2°] 12.42-20.37 psu(H T
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Table 2. Summary of research perspectives on the Nakdong River basin

Analysis perspetive

Key characteristics

Relimdunet oot demands in the Nakdong River basin.

-Academically proves that water quality conservation and biodiversity maintenance are the most critical social

Specialization of research

-Research themes have deepened from early studies focused on general biota to sophisticated environmental
analyses, including climate change impact and microplastics.

Focus on resource value

-Academic approaches have expanded beyond simple conservation to include ecosystem service values and

resource utilization, as evidenced by research on estuary resources (7.1%).

Table 3. Traveling time and velocity of tidal wave in the Nakdong River estuary (Ryu and Chang[1979])

’ Distance Crest Trough
Section (km) Traveling time Velocity Traveling time Velocity
(hour) (m's™) (hour) (m-s™)
Myeongji-Gupo 13.6 1 3.78 1.35 2.8
Gupo-Myeongji 129 1 3.58 15 23
Mulgeum-Samrangjin 18.8 1 5.22 3.0 1.74

18.11 psw)E FZFE|Jc). 53], dHlol= 0] 718k i,
ol @A 74sl grERr)Y] Feko] A8k wdg S
gelslitt.

322 A3 9 755 s 541978 4¥8-99)

Ryu and Chang[197912 1978 957 3179 187 Aol <] 7
05 A5} ) FHS 4 7158 88351 A=) At
EX49 55 i AEE 28I 249 I gL Az
7)ol 0.38 ny'km?, thZ7]9= 0.058 1y -km'2 UERFTHSI7)A,
nee Bl A0k E), =31, SV MEELE 1=0.035 rad-km'
1 9REANY F2) < 50 m*sHE AESHA. T, =4
o] TEEY SE) shollA AR ARz R A u 7
23113, FL vlF(crest)?] X F57} Z(trough)2] 2 &
SR el @4 BT Table 3 F=).

o= dhdell FYUT TR, tidal wave] T4 4, vl F
7}, skdse] FEo g wigEo] vehh= d4eltt. 1 24, 8
o= diE oI 2L FRE 25E v|giF Fo] Edt. 5,
AZ(low water)ollX] 3132 (high water)Z2] 8 A2 F43}aL,
FFoH AR 9 S SR FEF(LE)] Alzke]
FeH2 Y27 EE )9 AlRle] ZojA= 538 RSITHLee[2017]).
E3, 0)52 A Te] IZ Zhe} ) 718718 VIEeE 24
o] P WE SHH-EFH oF 65 knvHA 2 FESISL

32398 B¥ 9 9547) 8419780 42-1981d 59)

Chang et al[198112 57 819 1671 3 lM Z 83lol HA
13A3F A8l =&, 9, 7%, 58 5% 43 v
ol AAeFct.

1) &4 F7) BE &8 dix7|ddle 27 £§ F8e] s}
o] B33} A3 78] =2} 1-3 psu PIREO R nlwE 72
7] 25 veERSIT i, 23700l 7 Z8o] oBlA a7
27} 7-15 psuz S7k8H D547 (salt wedge)’t FA = AT

2) G547] do] 9 i F3 S E5AU1Y dole 23714
ok 22 km, thZ7]°] oF 16 kmZ FF =3It} ol u}E FE-2] F3
HE 2Z70e) oF 35 km, thZ7]°l F 45 kmZ 83 Fh

3) 3R ) Al I8 TR A9 &%) Rt sk
AQFE)] G Alolel 2 AATAPT 1=, sk A%
o] 3179 HE E¥ef T3 JTE vIS AKX

335125 Y Pis B 2 o|F S 51 22| &4

33.1 85 T4 AFE] A3 8l 35(1986'd-1987)

Yoon[1988]2 825 714 0] 3] 2] B FXY o]l vlA|=
FEE Tetslr] A3 1986AFE 19873714 63)ol HA Y57
sl SFEA9, S79, dFY, g QEAE AREsiod
A AP} F W5-S ARG O A, S5 A o)F
W gl F4 FALR QI8 81 dlell o) RaE AR sk
F27F A= T XY vz s, k) F 2FL B
A ARE 228 2o E et =3, 1986dl= A% A1H9)
57 f50] o] wgkon), 1987d0= 55 X5} o weAlE 5
3F9 973 o] ARHAUL, ol AY W) e F2 12
AR Az FHHUct.

332 7Y A

$HA, Lee ef al[1998] 1970t] 1]=F 7)437d0] 12h¢l A5
A& S8 e 35 52 23 DWOPERE o] 831 Y574
B A= Tl 58 33 257415 (roughness coefficient)S
APgeka 478 A4S A FHoE APt ol AT
(Jindong) AT 57| Yt EFE Il 7=
o] 7k, 3 15 Z Al (roughness coefficient)S At
gsigict. 1 Axt, 4 25AKS] W9l 254371 (Samrangjin)
T 0.0181-0.0311, 4% Z(Gupo) 77+ 0.0157-0.0357,
T-E IS FES 0.0095-0.05732) WSS 2 et =
3, %] A8 A3}, Samrangjin 2 Gupo A2 F=91= S @l
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ofsl) 3 3et FEE L Jlae] BeFt. 3, Kim ef al[1991
X EH(EFDCA B4 A5 B3 425wl uke H5
A, BFA), FFAY 55T GERFS G 9l diste] AL
sich. 252 ATl w=d, T4 78 MEhE s 3
sHRel e 23 1.5-2.0 m's? o139] 38 BFGety’t A=,
g4 817-9] AlS(Daemadeung, Shinjado ) Ale] 8] £2&
Es1Aa 442 o H3] 12 ms' o0 E 9 E Wol Lz)e)
O)FL o]} o] A% 5L vixe] AA (R % F)E A¥-F
AlA A¥ W3lE ol FAHAA d9le] Fvka T3t
3, GEL 3150) 29 g W 249 IFoE HlREo]
5 HlE 7] 2y g2l RS R slslek fAKHAl 30-
32 psu & A5 A A5EE FAISITh vk, &
2 g9 Adist 25 FejElrt gy Jigeds d5E g8 &
o "ojufjo], thak wkF Al(@ll: £F 5,0008 o els AgES:
(2F 15psu ©13HS] FEHe] 3 A AU FHoE o 5-
10 km ©)4} QJsli7HA] g3t dud oz Wikl w2} s
A 9 7o) A, A BEAL 24 D 28 M| Zo] LAgEk=
Z1o2 gickeit} ¥bH | Hwang ef ol [2002} Landsat TM2] 943
44 (SeaWiFS, Landsat)®} 22+ 32l 23t 5 2
Lagrange YA5-2] 28 o83l Y57 f& FREZ(S9)4
B 9IS FHsKILE 1 A9, Y el /E% BRE
AR= Gadeokdo BZo F4t wiko = o)F-eHilsiglct. =3 &
ST FREAR: dlF H4 G W=, FhdRel g8 &
3 S A7 o152  ARE HAFI

333 8% 7=

314, Jang and Kim[2006] 10093l 23 43 3l £49)
AAZAAE D A LAGARIEE ol g3l Y53 25 2
A ¥4 A7 wizgle} s 2499 X 548 ARSI s

Az 1922192 8-FAFT Landsat ©]7)#] (1982-1998)
£, 181 2579 982 AS5AR5A9 CTDE 47 AME-3lo
ZAPL o) FeiR . o152 Aol 5, s 712 AT ¥
7% SaedeungolM B5E HAY 9] £8 #0AelM 9] Az}
ZH FBHLT 259 fF) g3 o & S A= Ao
vfepgte). T3 F27)(mean tide)?]! 1981 92 Saedeungold #
28 JARRS5L 83 cmsOIQL, EFIH A 453= 50
ems'Z, FEFO] Fo] EFol )AL Y-S & 5 Uk wbE,
F27190 1993 78T Pl A58 FFES 126 ems'E,
EZ3) AF) 520 104 emes'2, W9 o) §3), A4 A
FU9% F2YE Bl 2 d%oE B39 AF9)
o] FT-Z(stratified suructure)?} 1= ). $HH, A4 A CcTDH
ZA% | M= Eusukdod@7H] B9 3] AujFolx
Daemadeung ©}el-E] &§o] 2514 1=k} Jangjadeung
2} Namussideung AfojollA] ehd 9= Ak Vel bk
9, F27120 1992 108 CTDASZ AN Ao w7
o] AvEle AN AS, G2A gREY G FF2E 0
2} 323 U¥= Janglimel A Dadaedong®] 71E 28 W}
3= IR S HAFQI FEF 0T, o8 B lsd A7)
5 9 94 98 AR 4L B3 S A2 oF #50)
7Aaselom, 7|& X5l g3 A= EF AAZ g5 %
Foll o8 FEE= AAE AUt 53

T3, Jeon[20101°] ¥ SH+ Gadeokdo®ll A #3€ 1977-
2008 37ke] A 0] P AN slE A3 drjo] s, 5
A4 A 19773 92.8 em7} 2008\ 3= 103.2 cmE L}ERY,
A&HQ Y F5S AT EE o)L AT 243} 9
3 FFo] AR 2 o A, FRFHCE 9 g 9
& Je Zga9s Ao wddtt §H, 2 28 EFDCS
ARS8 Shs 7V AFS] A1 FAstE B3 Aol 1969

(a) Residual tidal current in 1967

(b) Residual tidal current in 2009
Fig. 4. Variations of tidal residual currents before and after the construction of Nakdong River estuary barrage (Jeon[2010]).
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dell= &+ 2d ol Al (sandbary’} 223817) A A%, 957}
HASH= 3o) 49 FEE Tol wgkort, 198533} 20090 =
Frg ko] ko] o] 2 A0 7 vEldth(Fig. 4). 31, &
o429 HA AF W3E 100%E 3IFE A, 1985d= 7=
£9] 73.1%3 21}, 200901 = 73.1%2 veh}, BE7} 5 AL
Fo] A2 QlF FEE0] ol Z o= waF})

33495 AU AR L EE X

Cho et al[2018]2 W |s K 72 F %] ¥ EFDCE AM-
3l Y53 1S 5 A AR A A3l U 993Y
AZE 233 A, g E3E s St Hi 200
m’s'9] Wi7F s, olu 4= SELFAA 26 km FFH7t
7 G vt F4EN) 0] AL S5 74 A Chang et
al[19811°] A3k A& F3F WS 45 kmETH TA F4% AFo]
o}, 53 Han et al[201112 43X ¥3 ECOMSEDE °]£3] 4
e B a9, /] fo] 75 'Y W) HR FE A4S
#le] AEFX(ER 1 psu ol da AYA 25 kmpell o 7W7RE
Zo 2 Vet $H8, Song ef al 20141 HE7 355 5 A0
WA sl SRS S 8 et BFoE B57)(<956
m’s) W Al7]e] Y sl ADCPS} CTDS AR5
53 G- #5310 1 2, WAs 55 dE 30 A
B2 Q9lo) o3 FREE o2 Yehgon], AR 2=
TFE(25 psupe] BAEE F1l0] EAEI B FE TFe S
AAFEFSIEr. B3, Kim and Youn[20191%= 2017 42%-E 2018
d 38714 147t Y53 s HEE 553 Ul A3 )elA
ARE F2Ax 8} $E57)E ARESle WS (e 2] 500
m*-sd? ©)AQ1 FF71¢ 200 m-s-d? ©181Q] BT S5
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Fig. 5. Annual variations of water temperature and salinity in February and August in the Nakdong River estuary.
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A37] 3 chekst X120 2453}, Kang er al[2011]
SWAT-EFDC 4] B8& 53 AHE fE30] 83% 35 A=
o} & AWE B B39 FHPE YFsI8ich 53] EFDC
2R a9 nhe 21 RN A B33k 92519
o, 37 73 715-A% 54E& AT o= AAsict 3H,
8 F9 A dut AFAA AR5 45 2 A
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HP o, 7FsE FoME FHER] 15 TVIE Q8 AlE |
o] A3k 7Fs/de] A7 E3L Kim et al[2015]
Landsat $14) AE¢t @3 #5S B9 2 34 o)F BdlF 5 8t
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SGD)¢] &= 5T L 87} Arh(Bumett ef al[2006]; Zhou
et al[2019]). Kim and Jung[2021]& G557 492 o
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Hsh= 72 R A71H 8 Z1A e IR 94l A
T H5E Tl 719% Ao wddn
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