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ABSTRACT: Recently, impervious surfaces in urban areas are rapidly increasing due to industrialization and urbanization. Since impervious surfaces have caused an increase in urban flooding and non-point pollution, there is a need to manage them systematically. However, there is no impervious surface map applicable to the spatial distribution grasp and spatial analysis. There is even no map production methodology reflecting the characteristics of urban areas. Therefore, this study aims to suggest a methodology of GIS-based impervious surface map production applicable to the management of impervious surfaces in urban areas. For this purpose, various geographic features in urban areas were classified and the classification standard of pervious and impervious surfaces for each geographic feature was defined. The spatial data to be used in extracting and delineating each geographic feature in the GIS were investigated and their applicability was analyzed. As a result, it was found that it would be possible to identify the state of land cover and geographic features by overlaying and investigating the spatial data such as a land cover map at intermediate level, a high-resolution satellite image, an ortho-aerial photograph and a digital topographic map. To verify the suggested methodology, the spatial data from Bugae-dong(total area : 2.58㎢), Bupyeong-gu, Incheon city, South Korea, were collected and they were applied into the impervious surface map production. As a result, The area of  Bugae-dong measured impervious(1.87㎢) and pervious(0.71㎢) area. Also, impervious surface map was found to have the largest number of polygons(6,594) and vertices(137,890). It was possible to produce the impervious surface map in a high spatial resolution, and it was demonstrated that an impervious surface map could be produced using the suggested methodology. In conclusion, future research would need to produce an impervious surface map of the whole country using the suggested method, and furthermore, this should be applied to the systematic and quantitative management of impervious surfaces. 

1. Introduction

 Impervious surfaces refer to sidewalks, roadways, buildings and parking lots covered with artificial materials such as concrete and asphalt that prevent storm water from infiltrating into the soil and ground-water [1]. In general, impervious surfaces grow in the course of urbanization, which increases rainfall runoff and intensity and thus non-point pollutions existent on land surfaces. Mostly, non-point pollutions run off by storm water flow directly into adjacent water systems, which results in severe water pollution or other contamination events [2]. Thus, impervious surfaces causing multiple problems require proactive controls. 

 Currently, however, there is no data applicable to determining the accurate scales or distribution of impervious surfaces in South Korea. Among the established map production methodology for impervious surfaces, the conventional satellite image categorization widely in use can be considered the first option. Yet, the cartography drawing on image categorization is limited in the spatial resolution of satellite images, which makes it difficult to build high-resolution maps of highly dense South Korean cities. Hence, an alternative high-resolution map production methodology for impervious surfaces needs developing.

 As the map production methodology for impervious surfaces, previous studies proposed re-classifying attributes on land cover map, extracting and transforming layers on digital topographic map, and visual reading and on-screen digitizing of aerial photograph [3]. Nevertheless, each map production methodology has not been analyzed in terms of its accuracy, advantages and disadvantages. Also, any optimal method for dense city centers has not been considered. 

 Therefore, by mapping impervious surfaces using the established methods, the present study comparatively analyzed the advantages and disadvantages of each map production methodology. Furthermore, this study proposed a relatively more efficient and accurate map production methodology for impervious surfaces based on the analysis. 

2. Methodology

2.1 Study area
 The present study focused on Bugae-dong, Bupyeong-gu, Incheon city. Due to the increasing rainfall resulting from the climate change, Bugae-dong has witnessed overflows around its Gulpocheon stream, which indicates its impervious surfaces need be controlled. The area of Bugae-dong covering 3 administrative 'Dong' units is about 2.58㎢. As the area of roads and lands in Bugae-dong has recently increased due to urban redevelopment projects, land impervious surfaces are to grow further, which is highly likely to bring about the issues associated with non-point pollutions. Thus, the impervious surfaces should be controlled in the region (Figure 1). 
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Figure 1. Study area (Bugae-dong)

2.2 Spatial data collection and transformation
 This study collected the spatial data used for impervious surface mapping in previous research (Table 1). The collected spatial data had discrete coordinate systems because different institutions drew on different map production methodology. In order to place the spatial data on a coordinate system for on-screen digitizing, preprocessing such as digital mapping, coordinate transformation and borderline matching was performed. Coordinate transformation was conducted with reference to the World Geodetic System ITRF 2000 TM adopted in the national base map. 

Table 1. List of Spatial data collection

	Spatial Data
	Data Type
	Scale
	Source Agency
	Update Period
	Coordinate Systems

	Land cover map

(Level 2)
	Shape file

(*.shp)
	1:25,000
	Ministry of Environment
	4~5 years
	Bessel 1841 TM

(Central origin)

	Digital topographic map (Ver. 2)
	CAD file

(*.dxf)
	1:5,000
	National Geographic Information Institute
	1~2 years
	GRS 1980 TM

(Central origin)

	Ortho-aerial photograph
	Raster file

(*.tif)
	(0.25m)
	National Geographic Information Institute
	2 years
	GRS 1980 TM

(Central origin)


2.3 Production of impervious surface map

2.3.1 Production methodology of impervious surface map in previous research
 First, on the land cover map, the 'urban & arid' in 1st level category and the 'green house' in 2nd level category division were classified as the impervious surfaces, whilst the rest of the items were classified as the pervious surfaces to map the impervious surfaces as the first method. Then, 106 layers were extracted from the DXF digital topographic map 2.0 and classified into pervious/impervious surfaces. Among those, 37 layers included in the research area were defined in terms of their classification items. Next, attribute information was entered to map the impervious surfaces as the second method. Finally, ortho-aerial photograph (25cm) were visually read and digitized on screen to detect the pervious surfaces and to map the impervious surfaces as the third method. Upon completion of mapping the impervious surfaces using the established map production methodology, overlay analysis was performed to determine their advantages and disadvantages in classifying the spatial data into the pervious/impervious category, and ultimately to propose an optimal map production methodology (Table 2).
Table 2. Advantages and disadvantages of each map production methodology

	
	Advantages
	Disadvantages

	Impervious surface map using a land cover map
	⋅ Possible to detect the pervious/impervious surface based on simple reclassification of attributes.
⋅ Possible to partially detect the pervious/impervious surfaces in security areas (military facilities in forests).
	⋅ Borderlines of topographic features are vague.
⋅ Small flower beds in apartment complexes and on detached properties are not fully classified.

	Impervious surface map using a digital map
	⋅ Borderlines of topographic features are highly accurate.
	⋅ Landscape areas in apartment complexes and on detached properties cannot be classified.

	Impervious surface map using an aerial photograph
	⋅ Possible to locate grasslands and vacant lands with visual reading. 
⋅ The classification of pervious surfaces is highly accurate due to manual work.
	⋅ Some parts cannot be classified due to blockage effects of shadows.
⋅  Some rooftop greening is hard to classify.


2.3.2 Production methodology of optimal high-resolution impervious surface map
 This study considered the established map production methodology, that is reclassifying the attributes on land cover map to map the first impervious surfaces, using ortho-aerial photograph to further classify the grasslands on detaching properties, in apartment complexes and in schools to map the second pervious/impervious surfaces, and using digital topographic map to match borderlines in order to build a high-resolution map of impervious surfaces. On-site study was conducted and topology was checked in case additional information was needed in order to build a most accurate map (Figure 2).
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Figure 2. Production process of optimal high-resolution impervious surface map

3. Results and Consideration
 In comparison to previously proposed map production methodology for impervious surfaces, the proposed optimal mapping was found to have the largest number of polygons(6,594) and vertices(137,890). Accordingly, the proposed optimal method was found to build the most precise map of impervious surfaces (Table 3). Next below shows the outcomes of the established map production methodology for impervious surface map (Figure 3-a, 3-b, 3-c) and of the proposed optimal high-resolution impervious surface map (Figure 3-d). 

Table 3. Number of Vertices and polygons of each impervious surface map

	
	Impervious surface map

using a land cover map
	Impervious surface map

using a digital map
	Impervious surface map

using an aerial photograph
	Optimal high-resolution
impervious surface map

	Vertices
	44,355
	113,791
	34,841
	137,890

	Polygons
	1,567
	5,151
	1,206
	6,594

	Average area of

the object(㎡)
	1646.46
	500.87
	2139.30
	391.26
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Figure 3. Variety of impervious surface map

 The area of impervious surfaces from the established mapping measured as wide as 2.12㎢ when the digital topographic map was used, whereas it was 1.86㎢ when the ortho-aerial photographs were used. The impervious area measured 1.87㎢ on the combined high-resolution map of impervious surfaces (Table 4).
 Subsequently, the areas of incongruent attributes were found between the optimal high-resolution impervious surface map and each of those using the established map production methodology. Regarding the sites of incongruent attributes in comparison to the map of impervious surfaces using the land cover map only, the pervious area increased by 0.04㎢ with small flower beds on detached properties and in apartment complexes classified further and with the pervious traffic areas (railways) added (Figure 4-a). Regarding the sites of incongruent attributes in comparison to the map of impervious surfaces using the digital topographic map only, impervious areas were overestimated because of the failure to classify the pervious surfaces in apartment complexes and school playgrounds (the pervious area increased by 0.25㎢). Also, the increase in impervious area attributable to the failure to classify security areas in forests was off-set by the increase in pervious area in other areas (Figure. 4-b). Regarding the incongruent attributes in comparison to the map of impervious surfaces using the ortho-aerial photograph only, the security areas in forests were not classified as in the case of the digital topographic map, which led to a 0.02-㎢ increase in impervious area. Largely, borderlines in the areas subjected to change were incongruent, leading to some increase or decrease in pervious/impervious areas and overestimation of pervious areas (Figure. 4-c).
Table 4. Compare with pervious/impervious area calculation of each impervious surface map

	Administrative district(㎢)
	Impervious surface map

using a land cover map

(vs. optimal methodology)
	Impervious surface map

using a digital map

(vs. optimal methodology)
	Impervious surface map

using an aerial photograph

(vs. optimal methodology)
	Optimal high-resolution

impervious surface map

	
	Pervious

Surface
	Impervious

Surface
	Pervious

Surface
	Impervious

Surface
	Pervious

Surface
	Impervious

Surface
	Pervious

Surface
	Impervious

Surface

	Bugae-1dong

(0.97)
	0.35

(-0.02)
	0.62

(+0.02)
	0.37

(-)
	0.60

(-)
	0.39

(+0.02)
	0.58

(-0.02)
	0.37
	0.60

	Bugae-2dong

(0.74)
	0.11

(-0.02)
	0.63

(+0.02)
	0.04

(-0.09)
	0.70

(+0.09)
	0.12

(-0.01)
	0.62

(+0.01)
	0.13
	0.61

	Bugae-3dong

(0.87)
	0.21

(-)
	0.66

(-)
	0.05

(-0.16)
	0.82

(+0.16)
	0.21

(-)
	0.66

(-)
	0.21
	0.66

	Total

(2.58)
	0.67

(-0.04)
	1.91

(+0.04)
	0.46

(-0.25)
	2.12

(+0.25)
	0.72

(+0.01)
	1.86

(-0.01)
	0.71
	1.87
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Figure 4. Distribution of the Attribute mismatch area

4. Conclusion

 The present study considered map production methodologies of impervious surfaces with three established cartographic approaches, that is reclassifying attributes on the land cover map, extracting and overlaying layers on the digital topographic map, and visual interpretation ortho-aerial photography followed by on-screen digitizing. Then, through the analysis of each map production methodology in terms of advantages and disadvantages, ortho-aerial photography were read visually and used for on-screen digitizing of pervious areas  based on the classification system of the land cover map, whilst the digital topographic map was used to make the borderlines of topographic features congruent in order to build a high-resolution impervious surface map. The map of impervious surfaces produced with the proposed map production methodology will enable more accurate computation of the distribution and area of impervious surfaces than the map of impervious surfaces produced with several conventional methods.

 The present findings will be applicable reference data for selecting regions that require some controls over such issues as urban flooding due to increased amount of storm water from rainfall runoff and ground-water exhaustion/stream-flow depletion due to decreased underground infiltration, resulting from distorted natural hydrologic cycles. Also, the advanced Low Impact Development and Green Storm-water Infrastructure should be applied to selected regions. Future studies need to build the maps of impervious surfaces covering wider areas as an attempt to verify the accuracy of the proposed method. In addition, further studies need explore how to revise the maps of impervious surfaces on a yearly basis using the proposed method.
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