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In this study, a simple assessment scheme has been developed to evaluate the rate of change of ecological function 

before/after levee-construction and the feasibility of river expansion project. The evaluation of ecological value 

has been performed using the areal fragmentation, which explains ecological connectivity conversely in river areas. 

The feasibility factors are the distance from the river and the type of land-use. This scheme was applied to the past 

(1918, before levee-construction) and the present state (2007, after levee-construction) of a Mankyung River area 

in Korea. A GIS model was adopted for calculating, analyzing and presenting site-priority using the Digital 

Elevation Model (DEM). Comparison results show that the site evaluation grades near the river were decreased. 

It is also founded that urbanization and levee construction are the main reasons for the ecological degradation. 

Finally, the site selection for river expansion is performed considering the comparison results and feasibility 

factors. 

1. INTRODUCTION  

Most large rivers in the industrialized countries are heavily degraded due to channel-straightening and levee-

construction. As a result, floodplains have been reduced and once flood-prone zones, which are separated from the 

river, have been used as cropland or residential areas. Recently, floodplains are increasingly valued for their 

properties, such as flood control, recreation, ecological habitat and so on. There are also some projects that make 

space for the river all around world [1], [2]. However, selection of a restoration site mainly depends on whether 

the water-course was historically or not before levee-construction because a procedure to quantify and prioritize 

to expand a river area is not  followed. In this study, we developed a simple DEM-based model to measure potential 

impacts to the ecosystem function in a river.  

2. STUDY AREA AND METHOD 

The Mankyung River basin is a mid-size river basin in Korea, situated on the south-west of the central part of the 

Korean peninsula. It occupies an area of 1,527 km2 and the total river length is estimated as 77.4 km from the most 

upstream to the estuary. There were river strengthening and levee construction projects to protect against 

inundation of farm land due to flooding from 1924 to 1940 as shown in Table 1. This had led to significant changes 

of the river floodplain, such as large-scale land clearance, formation of the old and abandoned channel, expansion 

of the unban infrastructure and changes in the administrative divisions. In this study, the Mankyung map of 1918 

was used to determine and exclude artificial topography changes  from major river projects.  

 

Table 1. Information of levee construction in Mankyung River 
Year Levee length (m) Year Levee length (m) Year Levee length (m) 

1924 7,574 1930 4,120 1936 - 

1925 4,544 1931 6,969 1937 1,155 

1926 5,360 1932 - 1938 10,207 

1927 361 1933 15,449 1939 - 

1928 2,259 1934 7,275 1940 4,500 

1929 13,885 1935 760   



    

Figure 1. Initial Mankyung River improvement project in 1924 and present digital elevation model. 

 

There are no landmarks to represent the floodplain in the 1918 map. Therefore, we inferred from land-use 

information that the river area included a water area, a wetland and bare ground adjacent to the  river. The river 

and forest areas were considered to have high ecological value. On the other hand, the ecological function of rural 

and urban areas was relatively low. The ecological connectivity of Mankyung river basin was calculated using the 

weighting factor in Table 2.  

The results of evaluation and comparison between 1918 and 2007 are shown in Figure 2. 

 

Table 2. Weighted factor of areal fragmentation and restoration prioritization due to land-use 

Land-use Category Weighted Value 

Ecological connectivity grade Restoration prioritization 

Forest 0 1.0 

Water Area 0 1.0 

Wetland 0 1.0 

Bare Ground 0 1.0 

Grassland 2 0.7 

Farmland 3 0.5 

Orchard 4 0.3 

Urban 5 0.0 

Evaluation Score ∑(Land-use Cover Rate × Weighted 

Value) (in a Grid) 

∑(Land-use Area × Weighted Value) 

(in a Polygon) 

 

   
(a) Ecological connectivity in 1918 and 2007 

    
(b) Difference of ecological connectivity and extraction of the degraded area(Eco score > 2) 

Figure 2. Procedure to find the degraded area due to an urbanization and levee-construction 
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In particular, it  was found that a high degree of ecological function in 1918 was distributed along the river and 

remarkable connectivity between river and forest ecosystems; in contrast,  ecological connectivity in 2007 showed 

a tendency to scatter because of the land-use fragmentation and levee. The comparison results show that the 

reduction of ecological connectivity occurred over 15% of the study river area. 

  

3. RESULT  

The suggested procedure for prioritizing river area expansion is as follows: 

1. Select polygons adjacent to the river among the extracted degraded areas in Figure 2 (b). 

2. Calculate the weighted area using the land-use type in Table 2. 

3. Increase the calculated area using additional weight in the connected polygons with nearby other 

ecosystems such as tributaries and forest areas. 

4. Sort the weighted area and determine the restoration priority. 

 

 
(a) Select the near area from the river 

(b) Extract the present land-use in the selected polygon 

 
(c) Restoration priority 

Figure 3. Procedure to identify the priority sites to expand river areas 

 

In the future, it is necessary to adjust these priorities with the cost of river restoration to illustrate the economic 

effects. 
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