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ABSTRACT: This study was conducted to find out the effect of the construction and operation of river-crossing structures on
the habitat landscape characteristics in the Geum-gang River, South Korea. A total of three study reaches were selected in the
downstream of the Daecheong Dam: the Buyong-ri reach, which is a control that is not affected by the construction and
operation of the weir of the Four Rivers Project and Sejong-bo Weir reach and Gongju-bo Weir reach of the upper and lower
sections of each weir that are affected by the weir construction and operation. The habitat type was classified, and then the
structural characteristics of the landscape were analyzed using aerial photographs taken before and after the construction of
the Daecheong Dam, before and after the construction of the weir, and before and after the weir gate operation. After the
construction of Daecheong Dam in Geum River, the area of the bare land greatly decreased, and the area of grassland and
woodland increased in the downstream of the dam. In addition, the patch number in the river landscape increased, the patch
size decreased, and the landscape shape index and the habitat diversity increased. Therefore, after the construction of the
dam, the bare land habitat was changed to a vegetated habitat, and the habitat was fragmented and diversified in the
downstream of the dam. After the construction of the weirs, the area of open water increased by 18% in the Sejong-bo reach
and by 90% in the Gongju-bo reach, and the landscape shape index of the open water decreased by 32% in the Sejong-bo
reach and by 35% in the Gongju-bo reach, and the habitat diversity index decreased to 25% in the Sejong-bo reach and to
24% in the Gongju-bo reach. Therefore, the open water habitat was expanded, the shape of the habitat was simplified, and
the habitat diversity decreased according to the construction of the weirs. After water-gate opening of the weir, the bare land
that disappeared after the construction of the weir reappeared, and the landscape shape index and habitat diversity index
increased in both terrestrial and open water habitats. Therefore, it was found that the landscape characteristics of the river
habitats were restored to the pre-construction of the weir by the operation of the weir gate. The effect of weir gate opening
was delayed in the downstream than in the upstream of the weir. Although the characteristics of the landscape structure in
the river habitat changed due to the construction of the river-crossing structures, it is thought that proper technology
development for the ecological operation of the structures is necessary as the habitat environments can be restored by the
operation of these structures.
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Fig. 1. Map showing the study sites in the Geum-gang
River, South Korea. Red solid line indicates the study
sites (Site 1 =Buyong-ri, Site 2 = Sejong-bo, Site 3=
Gongju-bo).
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Table 1. Characteristics of aerial photographs used in this study and water level elevation at the photographing date

Management Pre / Post Content - Stu.dy site -
event Buyong-ri Sejong-bo Gongju-bo
Date of photographing Fall 1968* Fall 1968* Sep. 20 - 23, 1966
Pre Image resolution (m) 0.28 0.28 0.53
Daecheong Dam Water level (m EL.) - - 14.36
construction Date of photographing Nov. 27, 2002 Nov. 27, 2002 Nov. 27, 2002
Post Image resolution (m) 0.42 0.42 0.42
Water level (m EL.) 14.19 - -
Date of photographing Dec. 05, 2007 Dec. 24 -26, 2007 Nov. 27, 2007
Pre Image resolution (m) 0.42 0.42 0.42
Weir Water level (m EL.) 14.32 - -
construction Date of photographing May 31, 2014 May 21-22, 2014 May 22, 2014
Post Image resolution (m) 0.25 0.25 0.25
Water level (m EL.) 14.18 11.81 8.77
Date of photographing May 21, 2016 May 21, 2016 May 21-22, 2016
Pre Image resolution (m) 0.25 0.25 0.25
Water level (m EL.) 14.36 1.77 8.88
Date of photographing Apr. 29, 2018 Apr. 21, 2018 Apr. 21, 2018
Xﬁi;iﬁgm Post-1 | Image resolution (m) 0.25 0.25 0.25
Water level (m EL.) 14.50 8.47 4.35
Date of photographing Sep. 18, 2020 Sep. 17, 2020 Sep. 14, 2020
Post-2 | Image resolution (m) 0.50 0.50 0.50
Water level (m EL.) 14.32 8.81 4.03
*estimated.

Table 2. Classification of riparian habitats for the study in the Geum-gang River

Habitat type

Description

Major ecological function

Water Open water Water surface not covered with plants. | Habitats of aquatic wildlife.
A key interface between aquatic and terrestrial
Bare land Terrestrial land not covered with plants | ecosystems and also habitat of endangered
in floodplain and bar. wildlife such as long-billed ringed plover and
Eremias argus.
Land covered with grass and forb in | A source of food and shelter for various species
Grassland floodplain and bar such as otter and great reed warbler
Floodplain & bar P : g :
Wi Land covered with trees or shrubs in | Provider of food and habitat for many insects
‘oodland

floodplain and bar.

and birds.

Agricultural land

Land devoted to agriculture.

Land used for road, facility for the

Artificial land . -

recreation and management, etc.

Isolated land not covered with plants | Habitat of wildlife and shelter from the human
Bare land . .

on the island. disturbance.

Isolated land covered with grass and | Habitat of wildlife and shelter from the human

Island Grassland . .

forb on the island. disturbance.

Isolated land covered with trees or | Habitat of wildlife and shelter from the human
Woodland

shrubs.

disturbance.
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(a) Anomaly of annual flow at the Gongju-si (Geumgang-gyo) Stage Station

Fig. 2. Changes in the anomaly of annual flow rate at the Gongju-si (Geumgang-gyo) Stage Station (a) and water level
elevations of the Sejong-bo Weir (b) and the Gongju-bo Weir (c) in the Geum-gang River. The Gongju Stage Station
is located 50 km downstream of the Daecheong Dam. Data of 1964, 1965, 1989, 1997, 2011 and 2012 are missing.
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Fig. 2. Continued.
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Fig. 3. Changes in riparian habitat types with the construction and management of the river-crossing structures at the
study reaches, Buyong-ri (a), Sejong-bo (b) and Gongju-bo (c) in the Geum-gang River.
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Fig. 4. Changes in area of each riparian habitat with the construction and management of the of river-crossing structures
at the study reaches, Buyong-ri (a), Sejong-bo (b) and Gongju-bo (c) in the Geum-gang River.
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Fig. 5. Changes in area of riparian habitats with the weir gate operation at the upstream and downstream reaches
from the weir at the study reaches, Sejong-bo (a) and Gongju-bo (b) in the Geum-gang River.
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Fig. 6. Changes in numbers and mean size of patches in each habitat type with the construction and management of the
river-crossing structures at the study reaches, Buyong-ri (a), Sejong-bo (b) and Gongju-bo (c) in the Geum-gang River.



74 D. Kim et al. / Ecology and Resilient Infrastructure (2021) 8(1): 64-78

A of| A= %437]7}?‘—7}8}h FFo| i}, Bk A4l
A o] A= A | A/ o) 5ol -2, HlF

FFHE A 22 56%, 9%, 36%7F Z7VekelcH
(Fig. 7). & 724 & s}l oA A A% chefex]4=
7t ‘2‘7]'01’ A 1:]-00):@1-_]- A7) 2 gAHZ = LR A A
FYEEA A4 A7 S 51

0} TR 7oA B 714 T A e )
WO 7ha8ta 229} x| o4 Z7Fehelet (Fig.
7). Bl AR F7ol A 1A Frof o)

25 - ——Woodland Grassland
Bare land Open water
20 /\
15 /\/
4
10 /

5 ,///

1968 2002 2007 2014 2016 2018 2020

AT R S Eelo] ZFAsHeIT) 2 Ak o] A
PR A= AlIFE7E6.991 4 4.7 2, 351H716.99
M 455, Zk2E30%9135% 7} 2HAst gl oleh e A
V= 22 717t 217l F-g-2f of| A A= o]
e AR710.2 2 271k ATt ofje] ik g
HAA Thofm Al Rge] 7bolA 8% 1Hadt
Aol v|gto] MEHe} FFH Jp7tolA 2k} 25%,
24%7} 34sstod, B GR7bof|l A ti 2R kE e ¥ A
FHAas9ch (Fig. 7). weba] 5ok AlE R 771 A
H A o] 5ol AR YA 7 ARPAH A A2 7}
sl R, HhEel 2219} A AAH 22e B
b skE gt
=7kl g2 ol A= shR-o] HE TSt
2018 of| LA] A A1 A of] 2Lo] FlEaL, 7]&E
7] 0] AHo) BHo] ApbA 0 7 Z& sl A olx]4
7} 7h S7FekaL, A £240] Bt 7| 7F vha 4

¢

F

r_o:

FN PN ot

Diversity (H')
[N ~ o

-
o

0.8

1968 2002 2007 2014 2016 2018 2020

(a) Buyong-ri

25 1.6
20
§1.4
_15 =
20 5 1.2
— 2
5 51.0
01— ‘ ‘ ‘ ‘ : — 0.8
1968 2002 2007 2014 2016 2018 2020 1968 2002 2007 2014 2016 2018 2020
(b) Sejong-bo
25 1.6
20
;1.4
_15 /’___/ g
@ 2
2] =12
" / g
=
5 510
0.8

1966‘[ 2002 2007 2014 2016T2018 2020
Daecheong Dam Weir gate opening
construction ~ Weir construction  (from 2017)
(1980) (2012)

1966‘[2002 2007|2014 201612018 2020

Daecheong Dam _ Weir gate opening
construction  VVeir construction  (from 2017)
(1980) (2012)

(c) Gongju-bo

Fig. 7. Changes in landscape shape index (LSI) and Shannon’s diversity index (H") of the habitats with the construction
and management of the river-crossing structures at the study reaches, Buyong-ri (a), Sejong-bo (b) and Gongju-bo

(c) in the Geum-gang River.
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