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 The riparian vegetation represents continuous physical structure of stream conditions, and plays key role in 

stream habitats. Recently, a standardized integrated assessment system for river/stream condition was developed 

to improve the efficiency and consistency of river/stream restoration projects in Korea. The assessment system 

used 4 categories (physical characteristics, biological characteristics, water quality and amenity), 12 sections and 

39 indicators to assess the river/stream condition. A biological category includes vegetation, birds, and fishes. 

This study was carried out to test and apply the vegetation indicator on 5 experimental rivers/streams in 

physiognomy level. The experimental rivers/streams were classified as nature-reserved or urbanized rivers. They 

exhibit typical characteristics of Korean streams. The survey was carried out using data taken from aerial images 

(based on airborne digital image with high resolution) and field surveying. Three vegetation indicators were used: 

1) the vegetation complexity index (VCI) to quantify the vertical structure of vegetation patches, 2) the 

vegetation diversity index (VDI) to figure out the horizontal structure, focused on dominant species in the 

uppermost layer and 3) the vegetation naturalness index (VNI) to assess the anthropogenic disturbance of 

vegetation patches. Using the scores of VCI, VDI, and VNI, the vegetation assessment indicator (VAI) grade 

was determined.  It was proved that the developed vegetation assessment indicator was able to sufficiently reflect 

the current conditions of the river/stream. It also proved to be an effective and scientific method to cooperation a 

field survey with desk analysis based on high resolution images. However, due to different features of each 

stream segment, each indicator value should be compared with relative standards, and it could be standardized by 

further studies and data accumulation through application on more experimental rivers in broad region.  

 

1 INTRODUCTION  

Stream systems can be defined as hierarchically organized systems incorporating, on successively lower levels, 

stream segment, reach, pool-riffle, and microhabitat subsystems. At each level in the hierarchy, systems can be 

seen to develop and persist predominantly at a specified spatiotemporal scale [1]. Rivers/streams are also 

complex systems which have to be managed by assessing both biological and chemical process variables. 

Increasingly researchers survey river ‗habitat‘ characteristics to assess ecological health.  

Riparian vegetation forms highly heterogeneous and biologically diverse green-belts alongside rivers, and 

may have high rates of species turnover through time relative to surrounding uplands [2]. It is an appropriate 

assessment indicator for the condition of river ecosystem. In LAWA of Germany [3] and AusRivAS of Australia 

[4], the vegetation naturalness, vegetation composition and lateral / longitudinal extension coverage (range) are 

the variables considered as relevant to the riparian vegetation quality.  

In Korea, river environment survey is controlled mainly by Ministry of Land, Infrastructure and Transport 

(MOLIT) and Ministry of Environment (MOE). But since MOLIT focuses on water resources management and 

water-related disasters and MOE focuses on the water quality improvement, the integrated river ecosystem 

management is not sufficiently considered. Information on river habitats is limited to single indicators, such as 

physical characteristics, rather than to biological or ecological characteristics.  

The river environment assessment system has recently been developed in Korea aiming for integrated river 

management. This assessment system uses 4 assessment categories. These are the river physical characteristics, 



biological characteristics, water quality and amenity. Riparian vegetation is classed as a biological characteristic 

and it is evaluated with vegetation diversity index (VDI), vegetation complexity index (VCI), and vegetation 

naturalness index (VNI).  

This study was carried out to test the developed vegetation indicator on experimental river sites at 

physiognomy level, including application of hierarchical method for assessment unit setting, and data analysis of 

areal images (of high resolution) and field surveying. The baseline for the assessment of the vegetation condition 

was made by vegetation indicator values obtained from three experimental river sites. With the results of 

vegetation assessment baseline, the grading application tests also were carried on urbanized river and stream. 

 

2 MATERIALS AND METHODS 

2.1 Experimental rivers/streams and sampling site 

Experimental rivers/streams were grouped as ‗natural‘ or ‗urbanized‘. The Naesung Stream (Nakdong River 

basin), Nam River, and Byuckgye Stream (Han River basin) are less disturbed and maintained in natural 

conditions. The Gap River and Yoodeung Stream (Geum River basin) are located in urban areas (Figure 1). The 

vegetation data of the first three rivers were used to determine the score of vegetation indicators and final 

vegetation assessment grades. Vegetation scoring and grading results of latter two experimental rivers were 

evaluated.   

The experimental rivers were divided in segment types and reaches by desk analysis using digitized maps. 

Adopting the river classification system proposed by Fujita [5], river or stream was distinguished into segment 

types based on the bed slope. The segments were classified to 4 types: (i) segment M (> 1/60) (ii) segment 1 

(1/60~1/400), (iii) segment 2 (1/400~1/5000) and (iv) segment 3 (<1/5000). Then the segments were divided into 

reaches based on channel width and width/curve ratio. The reach length was determined as channel width x 25 

within a maximum curve ratio of 1:4. River or stream environment was assessed with each reach unit.   

Base map with the coordinate system was made by overlapping GIS map (vector type, non-scaled) 

provided by WAMIS (Water Management Information System) [6], with digital map (1/1,000 or 1/5,000) 

provided by National Geographic Information Institute, and sampling sites were marked on the base map. The 

sampling method was used for the cost efficiency. Every reach was divided into 3 equal sectors—up, middle and 

down—then several sampling plots were selected in each sector. The size of the sampling plot was determined 

from sector distance and width from the river bank. 

 

  

Figure 1. Experimental rivers/streams and its segment types 

 

2.2 Vegetation assessment indicator (VAI) 

Vegetation conditions were evaluated with vegetation assessment indicator (VAI) which consisted of the 

vegetation diversity index (VDI), the vegetation complexity index (VCI) and the vegetation naturalness index 

(VNI). In this study, the vegetation diversity index was used to assess the horizontal diversity of uppermost 

dominant vegetation patches and Shannon-Wiener‘s diversity index [7] was used for VDI. Vegetation 
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complexity index was used to assess the vertical diversity (height of patch) of uppermost dominant vegetation 

patches using the spatial heterogeneity concept [8, 9], and vegetation naturalness index means site property of 

the species composed in uppermost dominant vegetation patch using standard of vegetation assessment system in 

U.S.A. [10] (Table 1).  

Each indicator value was given a score from 1 to 5, according to its range. Then, weighting value was given 

according to its importance. VDI and VCI have the weighting value 5, while 10 is assigned to VNI. This means 

that naturalness is more important for the condition of river ecosystem. The total vegetation index score was 

calculated (Eq. 1). The final VAI grade of each assessment unit was given from 1 to 5 according to its total 

vegetation index score range (Table 6).  

 

Total vegetation index score (≦100) = (VDI score x 5) + (VCI score x 5) + (VNI score x 10)  (1) 

 

Table 1. Three indices and its formula for vegetation assessment indicator 

 

Index Vegetation diversity index Vegetation complexity index Vegetation naturalness index 

Formula 

VDI = -∑Pi*LnPi 

Pi : Probability = ni/N 

ni : number of  i th 

individual 

N : total number of 

individuals 

VCI = ∑LHn/An 

L: surface length of patch 

H: height of patch 

A: surface area/㎡ 

n: dominant species 

 

VNI = ∑Pi*100*k 

k : naturalness 

natural species = 1 

semi-natural species = 0.5 

artificial species = 0 

Pi : Probability 

weighting value 5 5 10 

2.3 Desk analysis and field survey 

Fernandes et al. [11] proved that the size, shape and number of vegetation patches are correlated with the 

diversity and homogeneity of river environment. They also suggested the use of high resolution air-borne 

photographs to distinguish vegetation patch type in the level of trees, shrubs and herbs (physiognomy level) to 

determine the structure and function of riparian vegetation. To analyze vegetation at physiognomy level, an air-

borne photograph (Raster form, 1/12,000, resolution 25cm) provided from the National Geographic Information 

Institute, was overlapped with the base map. Then three-dimensional image analysis was performed using stereo 

image analysis software (Geo3Di Pro, GEO STORY).  

The uppermost vegetation patch type was identified per 100㎡ at least on the three-dimensional image map. 

The height, surface length, and cover area of each patch were calculated for VCI. The base map marked 

uppermost vegetation patch was used for field survey, and a different scaled base map was used in 

correspondence to the watershed scale, i.e., it is 1:10,000 for medium watershed and 1:5,000 for small (standard) 

watershed. Dominant species and its naturalness (natural, semi-natural, or artificial) were investigated with field 

surveying for each patch, and the patch boundaries were amended. The field survey was carried out after a rainy 

season (June ~ middle of September) to investigate the impact of flooding. 

 

3 RESULTS AND DISCUSSION 

3.1 Distribution of vegetation patches 

The distributional characteristics of the vegetation patches in Naesung Stream, Nam River and Byuckgye Stream 

analyzed from high resolution image (Figure 2) and field survey was summarized in Table 2.  Naesung Stream 

was divided in segment type 1 and 2 with 11 reaches. Nam River and Byuckgye Stream were divided in segment 

type 1 and 2 with 14 reaches and segment type M and 1 with 25 reaches respectively. 11 sampling plots of 4 

reaches, 12 sampling plots of 4 reaches and 15 sampling plots of 5 reaches were established on Naesung Stream, 

Nam River and Byuckgye Stream respectively (a stratified sampling method was used). Gap River was divided 

in segment type 2 with 8 reaches, and segment type 1 and 2 with 15 reaches at Yoodeung Stream.  

The percentage of patch area depended more on the characteristics of stream flow rather the segment type. 

In Naesung Stream, the patch area was lowest due to a large sand bar formation. The stream reach characteristics 

need to be considered in order to assess the vegetation complexity. VDI and VNI of uppermost dominant 



vegetation patch showed different results according to segment types.  Segment type M and 1 have high value of 

VDI compared with segment type 2 or 3. Tree species are dominant in segment type M; herbaceous species are 

dominant in segment type 2 and shrub species are broadly distributed. It seems that the stream segment types 

reflect the physical condition of riparian vegetation establishment. 
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Figure 2. Distribution map of physiognomy vegetation patch (N- : Nam River, Ns- : Naesung Stream, Bg-: Byuckgye 

Stream, * : River-Segment-Reach (Sampling site) ) 

 

 



Table 2. Raw data of vegetation characteristics of vegetation patch by assessment unit 

 

Vegetation data 

 

 

Assessment Unit* 

Sampling site data Characteristics of vegetation patch Naturalness*** 

Site 

Area 

(㎡) 

 patch area Tree Shrub Herb n s a 

(㎡) (%) Sp** % Sp % Sp % 

Segment 

2 

N-S2-

R1 

No.3 34,528 9,191 27 1 11 1 8 3 81 4 1 - 

No.7 31,675 11,739 37 1 29 1 5 4 66 5 1 - 

No.13 18,891 4,293 23 3 63 - - 2 37 3 1 1 

N-S2-

R10 

No.137 25,351 12,511 49 2 19 1 9 4 72 5 1 1 

No.145 33,698 25,365 75 - - 1 8 3 92 3 - 1 

No.154 60,864 33,353 55 1 1 2 3 7 96 7 2 1 

N-S2-

R12 

No.184 23,783 13,258 56 - - 1 18 4 82 4 - 1 

No.188 16,842 9,773 58 - - 2 10 3 90 5 - - 

No.192 27,546 17,879 65 - - 1 8 4 92 4 - 1 

Ns-S2-

R13 

No.3 75,757 29,318 39 - - - - 3 100 2 1 - 

No.5 100,544 61,047 61 - - - - 2 100 1 1 - 

No.7 55,869 4,525 8 - - - - 1 100 1 - - 

Ns-S2-

R12 

No.10 47,224 3,682 8 1 3 - - 1 97 2 - - 

No.15 72,524 6,658 9 1 10 - - 2 90 3 - - 

No.20 86,137 32,502 38 1 14 - - 3 86 3 1 - 

Ns-S2-

R11 

No.24 84,854 16,787 20 - - - - 2 100 2 - - 

No.29 97,169 44,795 46 - - - - 2 100 2 - - 

No.32 99,288 1,837 2 - - - - 2 100 1 1 - 

Ns-S2-

R10 

No.35 100,093 51,040 51 - - - - 2 100 2 - - 

No.37 95,548 48,555 51 - - - - 2 100 2 - - 

Average 57,268 21,905 39 1.4 - 1.3 - 2.8 - 3.1 1.1 1 

Segment 

1 

N-S1-

R4 

No.54 19,068 7,215 38 2 10 1 20 3 70 3 2 1 

No.62 25,951 14,123 54 4 25 - - 3 75 3 3 1 

No.68 19,193 4,892 25 1 44 1 56 - - 2 - - 

Bg-S1-

R3 

No.32 2,687 1,674 62 1 11 - - 2 89 3 - - 

No.36 1,876 991 53 2 11 1 37 1 52 3 1 - 

No.41 3,327 2,202 66 - - 1 32 2 68 2 1 - 

Bg-S1-

R8 

No.98 2,566 1,663 65 2 36 1 02 2 62 4 1 - 

No.104 2,086 457 22 4 36 - - 3 64 7 - - 

No.109 3,025 1,957 65 1 57 - - 2 43 2 1 - 

Bg-S1-

R18 

No.197 1,992 1,156 58 2 18 1 38 1 44 4 - - 

No.201 2,408 1,114 46 2 6 1 7 3 87 6 - - 

No.204 2,507 1,908 76 2 13 1 18 3 69 5 - 1 

Average 7,224 3,279 52.5 2.1 - 1.0 - 2.3 - 3.7 1.5 1 

Segment 

M 

Bg-SM-

R1 

No.236 1,007 651 65 1 46 - - 2 54 3 - - 

No.240 842 651 77 4 100 - - - - 4 - - 

No.244 1,152 855 74 4 47 1 24 1 29 6 - - 

Bg-SM-

R2 

No.246 1,097 227 21 - - 1 81 1 19 - 1 1 

No.249 855 344 40 1 8 - - 3 92 3 - 1 

No.252 947 272 29 1 36 - - 1 64 2 - - 

Average 983 500 51.0 2.2 - 1.0 - 1.6 - 3.6 1.0 1 

*N- : Nam River, Ns- : Naesung Stream, Bg-: Byuckgye Stream 

**Number of species  

***Naturalness = natural species (n), semi natural species (s), artificial species (a) 

 

 



3.2 Scoring of vegetation index 

Vegetation diversity indexes (VDI), vegetation complexity index (VCI) and vegetation naturalness index (VNI) 

were calculated and were presented in Table 7 to determine the index score from 1 to 5. The VDI value was 

calculated as 0.06~2.30. The final VDI score was determined on the basis of the average vegetation diversity 

index (Table 3). Regarding vegetation complexity, where VCI were over 0.1, herbaceous species were dominant, 

and shrubs and trees were dominant where VCI were over 1.5 and 5.0, respectively. But the developmental state 

and the species composition of vegetation patches were different per river segment type. The river segment type 

needs to be considered in order to evaluate the VCI. The score of VCI was determined by combination of VCI 

value range and river segment type (Table 4). The base line for VCI scoring needs to be further investigated in 

order for the results of this study to be utilized. The values of VNI were 53.32 to 100.00. On the basis of these 

data, 5 score ranges were distinguished (Table 5). The score of VNI decreased along with increasing of semi-

natural species or artificial species, meanwhile percentage of natural species was fixed as more than 80% for 

score 5. 

 

Table 3. Score of vegetation diversity index (VDI) by quantitative criteria 

 

Score 5 4 3 2 1 

Range of values  1.5≦ 1.0≦ <1.5 0.8≦ <1.0 0.3≦ <0.8 0≦ <0.3 

 

 

Table 4. Score of vegetation complexity index (VCI) by quantitative criteria according to segment types 

 

Score 

Segment 
5 4 3 2 1 Stream conditions 

M 5.0≦ 3.5≦ <5.0 1.5≦ <3.5 1.0≦ <1.5 <1.0 
Narrow stream width & valley / 

Zone of erosion & landslide 

1 
5.0≦ 

<10.0 
3.5≦ <5.0 1.5≦ <3.5 0.5≦ <1.5 

<0.5/ 

10.0≦ 

Shrub developed & substrate 

(gravel, pebble) / Flooding zone 

2 
2.5≦ 

<10.0 
1.0≦ <2.5 0.3≦ <1.0 0.0≦ <0.3 10.0≦ 

Shrub developed & substrate (pebble and 

sand) / Deposited & Flooding zone 

3 
2.5≦ 

<10.0 
1.0≦ <2.5 0.3≦ <1.0 0.0≦ <0.3 10.0≦ 

Wide stream width / Brackish water 

zone 

 

 

Table 5. Score of vegetation naturalness index (VNI) by quantitative criteria 

 

Score Range of values Components of naturalness 

5 80-100 Natural Species ≧ 80% 

4 60-79 Artificial Species ≦20% or Semi Natural Species ≦10%  

3 40-59 Artificial Species ≦40% or Semi Natural Species ≦20%  

2 20-39 Artificial Species ≦60% or Semi Natural Species ≦30%  

1 0-19 artificial Species ≧ 80% 

 

3.3 Vegetation assessment grade of experimental rivers 

Five grades of vegetation assessment index based on total vegetation index score by Eq. (1) were represented in 

Table 6. The final vegetation assessment grades of 5 experimental rivers/streams were summarized in Table 7.  

The value of VDI varied between the two sampling sites No. 145 of N-S2-R10 and No. 20 of N-S2-R12, 

though uppermost dominant vegetation patch had same number 4. It is because that not only the number of 

species but also number of individuals are related with VDI (See Table 1).  Naesung Stream, Nam River, and 



Byuckgye Stream had the VAI grade 1 or 2. This indicates that the riparian vegetation in these three 

experimental rivers was found in good condition (upper part of Table 7). That means the developed VAI shows 

the real situation of vegetation. The VAI grade of segment type M and 1 were mostly 1, because segment type M 

and 1 belong to upper stream. But the grade of the same index for Bg-SM-R2 was 2 due to the low score of VDI. 

The site is severely disturbed by intensive land use. The VAI grade in Naesung Stream was 2 or 3 for every 

reach. Although Naesung Stream is a upper tributary of Nakdong River, there was some restriction of vegetation 

growth because the surveying site is located under a dam construction site. It is necessary to consider the 

qualitative characteristics as well as quantitative characteristics for the environmental assessment of the river 

conditions.  

Applying same VAI scoring and grading process, VAI grades of Gap River and Yoodeung Stream were 

belonged to 1 or 3 (lower part of Table 7), lower grade than Naesung Stream, Nam River, and Byuckgye Stream 

– primarily due to lower VNI. The results were representative of the river condition, and it is regarded that the 

developed indicator and its grading process were suitable for river vegetation assessment in Korea.  

 

Table 6. Final grades of vegetation assessment index (VAI) 

 

Grade 1 2 3 4 5 

Total score 85 ≦ 75 ≦ ~ < 85 55 ≦ ~ < 75 25 ≦ ~ < 55 ~ < 25 

 

 

Table 7.  Total score and grade of vegetation conditions on experimental rivers/streams 

 

Segment/river  

VAI 

Total 

score 
Grade 

VDI VCI VNI 

Index 

value 
score 

Weigh

-ed 

score 

Index 

value 
score 

Weigh

-ed 

score 

Index 

value 
score 

Weigh

-ed 

score 

Segment 

2 

N-S2-R1 1.25 4 20 4.74 5 25 93.29 5 50 95 1 

N-S2-R10 1.41 4 20 2.34 4 20 92.79 5 50 90 1 

N-S2-R12 1.16 4 20 1.36 4 20 82.98 5 50 90 1 

Ns-S2-R13 0.56 2 10 0.16 2 10 82.35 5 50 70 3 

Ns-S2-R12 0.77 2 10 2.01 4 20 97.21 5 50 80 2 

Ns-S2-R11 0.39 2 10 0.33 3 15 98.71 5 50 75 2 

Ns-S2-R10 0.56 2 10 0.13 2 10 100 5 50 70 3 

Segment 

1 

N-S1-R4 1.21 4 20 3.50 4 20 82.49 5 50 90 1 

Bg-S1-R3 0.94 3 15 2.63 3 15 91.65 5 50 80 2 

Bg-S1-R8 1.31 4 20 5.99 5 25 88.11 5 50 95 1 

Bg-S1-R18 1.23 4 20 5.99 5 25 98.62 5 50 95 1 

Segment 

M 

Bg-SM-R1 1.08 4 20 9.76 5 25 100 5 50 95 1 

Bg-SM-R2 0.76 2 10 3.62 4 20 96.26 5 50 80 2 

Gap 

River 

G-S2-R1 0.38 2 10 2.89 5 25 54.11 3 30 65 3 

G-S2-R3 0.45 2 10 2.16 4 20 54.03 3 30 60 3 

G-S2-R4 1.29 4 20 5.47 5 25 77.57 4 40 85 1 

Yoodeung 

Stream 

Y-S2-R1 0.25 1 5 2.20 4 20 66.19 4 40 65 3 

Y-S2-R2 0.37 2 10 2.35 4 20 62.65 4 40 70 3 

Y-S1-R3 0.91 3 15 3.77 5 20 86.55 5 50 85 1 



4 CONCLUSION AND RECOMMENDATION 

We showed that our vegetation assessment indicator represented current condition of the rivers under the study. 

Desktop analysis with three-dimensional GIS mapping and field surveys was also found to be an effective 

method. The river classification method proposed in [5] was properly modified to describe the physical 

characteristics of Korean rivers. Mapping spatial information with the uppermost vegetation patch structure 

using high resolution aerial photography was important process in the assessment.  

Additional testing on more rivers can make the confidence of the developed VAI clearer and higher. 

Transition patch area data of VCI to fractal form using GIS S/W can improve the scientific accuracy of the river 

environment assessment. 

 

ACKNOWLEDGMENT 

This research was supported by a grant (12-TI-C02) from Advanced Water Management Research Program 

funded by Ministry of Land, Infrastructure and Transport of Korean government. 

 

 

REFERENCES 

 

[1] Frissell C.A., Liss W.J., Warren C.E.W. and Hurley M.D., ―A hierarchical framework of stream habitat 

classification: Viewing streams in a watershed context‖, Environmental Management, Vol. 10, No. 2, (1986), 

pp 199-214. 

[2] The U.S.D.A. Forest Service National Riparian Technical Team, ―U.S.D.A. Forest service national riparian 

vegetation monitoring core protocol: conterminous U.S.‖, (2014), p 2.  

[3] Kamp U., Binder W. and Holzl K., ―River habitat monitoring and assessment in Germany‖, Environmental 

Assesss., Vol. 127, No. 1-3, (2007), pp  209-226. 

[4] Parsons M., Thoms M. and Norris R., ―Australian River Assessment System: AusRivAS physical 

assessment protocol‖, Monitoring river health initiative technical report, No. 22, (2002). 

[5] Fujita, ―Mechanics design of revetment‖, Sankai-dō, (2004). 

[6] Ministry of Land, Infrastructure, and Transport of Korean Government, Water Resources Management 

Information System (WAMIS) (2002). http://wamis.go.kr/  

[7] Kent M. and Coker P., ―Vegetation description and analysis: A practical approach‖, Belhaven Press, (1992). 

[8] Hunter Jr . L.M., ―Wildlife, Forests and Forestry, Principles of managing forests for biological diversity‖, 

Prentice Hall, (1990). 

[9] Sakio H. and Tamura T., ―Ecology of riparian forests in Japan‖, Springer, (2008).  

[10] Faber-Langendoen D., Keeler-Wolf T., Meidinger D., Tart D., Hoagland B., Josse C., Navarro G., 

Ponomarenko S., Saucier J., Weakley A. and Comer P., ―Eco Veg: a new approach to vetetation description 

and classification‖, Ecological Monographs, Vol. 84, No. 4, (2014), pp 533-561. 

[11] Fernandes M.R., Aguiar F.C. and Ferreira M.T., ―Assessing riparian vegetation structure and the influence 

of land use using landscape metrics and geostatistical Tools‖, Landscape and Urban Planning, Vol. 99, No. 

2, (2011), pp 166-177. 

http://www.fs.fed.us/biology/watershed/riparian/USFS_National_Riparian_Protocol.pdf 

 

http://wamis.go.kr/
http://www.fs.fed.us/biology/watershed/riparian/USFS_National_Riparian_Protocol.pdf

