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Abstract:



The consistent demand for development of forest lands in South Korea has resulted in the need for a new approach to estimate environmental impacts in order to sustainably manage forests. In this study, two types of development were selected: golf courses and industrial complexes. Using FRAGSTATS ver. 4.2 (University of Massachussetts, Amherst, MA, USA), the fragmentation effects of each development type were analyzed based on forest area within project sites and buffer zones ranging up to 2000 m. Each type had representative landscape metrics reflecting the average impact ranges by forest area: “Number of Patches”, “Patch Density” and “Total Edge Length” for golf courses; “Number of Patches”, “Patch Density” and “Connectance Index” for industrial complexes. Golf courses with the smallest forest area had a larger impact range than those with larger forest areas. For industrial complexes, the impact range increased with forest area. Although individual sites exhibited some variation in impact range, they were generally consistent with the overall patterns observed. Investigating tree growth by buffer zone showed the ecological effect of development. To comprehensively manage development of forest lands, further research on other development types is needed. These results could be useful for creating a decision-making system with regard to development on forest lands.
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1. Introduction


Forests are a major environmental component of the Republic of Korea (hereafter, South Korea) [1]. When natural areas such as forest lands are near or within development project sites, such developments can cause significant conservation issues including loss of habitat for native and endangered species, and therefore may lead to the loss of these species in adjacent environments [2,3,4,5]. Development projects on forest lands involve both the expansion of artificial areas and considerable loss of natural resources including native species [2,6,7,8] and natural continuity on a landscape scale [9,10]. Hence, evaluation of the impacts of development on forest lands and surrounding areas should be considered more systematically.



In South Korea, development on forest lands is restricted by the “Permission System for Forest Land Use Conversion” controlled by the Korea Forest Service [1] and the “Environmental Impact Assessment (EIA)” run by the Ministry of Environment [11]. However, these regulations need to be revised and elaborated using scientific research-based criteria and indexes on development [11,12,13,14,15]. Therefore, new approaches to permitting development on forest lands should be tested to improve the current system of assessment.



Studies on forest fragmentation have covered a range of topics, such as edge effects-derived forest ecosystem issues [16,17,18,19,20] and anthropogenic influence-related issues including development and urbanization [21,22,23,24,25], in order to quantify and model the magnitude of landscape change and its subsequent effects, such as loss of habitat, species and biodiversity. However, because data collection for such studies requires field sampling as ground truth, this kind of approach has fundamental limitations when applied to spatially broad-scale projects, especially national-scale modeling of several thousand development projects.



The impacts of forest-related development projects were the specific focus of this research. This study sought to (i) quantify the fragmentation effects of select development projects on forest areas; (ii) statistically examine two development types based on landscape metrics; (iii) identify the impact range in distance and characteristics of each development type; and (iv) explore the ecological effects of the impact range by measuring and analyzing tree growth.




2. Materials and Methods


2.1. Study Sites


To collect sample sites, data from Environmental Impact Statements (EISs) between 1982 and 2014 in South Korea were reviewed (about 5000 cases) [26]. A group of developments on forest lands was selected from the EISs according to the following rules, based on previous literature. Development on forest lands was defined in this research as a project that included forest cover greater than 0.1 ha within the project site. Projects having forest cover less than 0.1 ha were excluded to prevent technical errors on spatial analysis using multiple data layers with mutually inconsistent spatial resolutions. Then, for the purpose of statistical analyses, the first and the second largest project types on forest lands were considered study sites. These were “golf course projects” and “industrial complex projects”. To analyze sample sites with similar environmental conditions and levels of development pressure on a regional scale, only sites in the Gyeonggi province were examined in this research (Figure 1).


Figure 1. Locations of golf course and industrial complex development sites within Gyeonggi Province, Republic of Korea.
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On a national scale, the industrial complex category accounted for about 20% of existing EIS sites, and sports facility category for about 12%, with golf courses comprising the majority (about 70% of the sports facility category) [26]. Golf courses and industrial complexes were the major types of nationwide development on forest lands during the whole EIA period, and provided a sufficient sample size for this research. In the initial stage, the total number of golf course and industrial complex projects in the Gyeonggi province were 110 and 58, respectively.



Sample sites were defined as the whole development project area upon which a development project is designed. Analysis areas were outside the boundary of the selected sample sites in order to estimate the impact of development on remnant forest in the vicinity of the sample sites, not the sample sites themselves. Through our subjective sampling process, appropriate sample sites were selected based on the following exclusion criteria: (i) forest area at a development site less than 0.1 ha; (ii) sites without updated information on the 1st and 3rd updated land cover maps (LCMs); (iii) development projects on islands; and (iv) linear-shaped developments such as railroads, roads and power lines. By comparing development locations on the two maps using the naked eye, selection of sample sites was undertaken. Considering the land cover changes, 37 study sites were selected: 21 sites for golf courses and 16 sites for industrial complexes.




2.2. Fragmentation Analysis


To investigate land cover changes due to development, fragmentation analysis was introduced, and two national-scale LCMs were used as source data. These maps were provided by South Korea’s Ministry of Environment; one was published in 2007, and the other was updated in 2014. The raster data used in this study have a spatial resolution of 5 m. Three of the 22 categories were related to forest cover: conifer, broadleaf, and mixed forests. While the first LCM was used to select a natural area before development, the second LCM was used to identify the completion of development at project sites. In the initial stage, 17 potential landscape metrics that are frequently used in fragmentation analysis [27,28,29,30,31] were used to accurately detect land cover changes, and a list of the tested metrics is shown in Table 1.



Table 1. Landscape metrics tested in this study to effectively detect land cover changes caused by development, which were selected after pre- and post-development comparison using analysis of variance (ANOVA). Definitions and formulations of the selected landscape metrics are explained.







	

	
Landscape Metrics






	
Metrics Selected

	

	-

	
CA, CONNECT, LSI, NP, PD




	-

	
TE (only for golf courses) or SIMI (only for industrial complexes)










	
Metrics Excluded

	

	-

	
AREA, CLUMPY, CONTIG, CPLAND, ED, ENN, LPI, NDCA, PLAND, TCA










	
Definitions (unit)

	
Formulations




	
AREA

 - Patch Size in Area (ha)

	
[image: there is no content]




	
CA

 - Class Area (ha)

	
[image: there is no content]




	
CLUMPY

 - Clumpiness Index (−)

	
[image: there is no content]




	
CONNECT

 - Connectance Index (−)

	
[image: there is no content]




	
CONTIG

 - Contiguity Index (−)

	
[image: there is no content]




	
CPLAND

 - Core Area Percentage of Landscape (%)

	
[image: there is no content]




	
ED

 - Edge Density (m/ha)

	
[image: there is no content]




	
ENN

 - Euclidean Nearest Neighbor (m)

	
[image: there is no content]




	
LPI

 - Largest Patch Index (%)

	
[image: there is no content]




	
LSI

 - Landscape Shape Index (−)

	
[image: there is no content]




	
NDCA

 - Number of Disjunct Core Areas (−)

	
[image: there is no content]




	
NP

 - Number of Patches (−)

	
[image: there is no content]




	
PD

 - Patch Density (per 100 ha)

	
[image: there is no content]




	
PLAND

 - Percentage of Landscape (%)

	
[image: there is no content]




	
SIMI

 - Similarity Index (−)

	
[image: there is no content]




	
TCA

 - Total Core Area (ha)

	
[image: there is no content]




	
TE

 - Total Edge Length (m)

	
[image: there is no content]








i: patch types (from 1 to m); j: patches (from 1 to m); k: patch types (from 1 to m); aij: area (m2) of patch ij (or number of cells); Gi: proportion of like adjacency; Pi: proportion of the landscape occupied by patch type I; Cijr: contiguity value for pixel r in patch ij; v: sum of the value in a 3-by-3 cell template; A: total landscape area (m2); eik: total edge length (m) in landscape between patch types i and k; hij: distance (m) from patch ij to nearest neighboring patch of the same type (edge-to-edge distance); dik: dissimilarity (edge contrast weight) between patch types i and k.








For the metrics, the following acronyms are used: AREA is used for the mean patch size; CLUMPY for the aggregation of each patch type; CONTIG for the mean contiguity between patches; CPLAND for the percentage of core area in a landscape; ED for Edge Density; ENN for the mean Euclidian distance of the Nearest Neighbors; LPI for Largest Patch Index; PLAND for the Percentage of Landscape; CA for the total Class Area; CONNECT for Connectance Index; LSI for the Landscape Shape Index; NDCA for the Number of Disjunct Core Areas; NP for the Number of Patches; PD for Patch Density; TE for Total Edge length; TCA for Total Core Area; and SIMI for the mean Similarity Index [32]. To examine the impact ranges of forest development, we designed eight concentric buffer zones surrounding individual development sites, from the boundary of a development site to 100, 200, 300, 400, 500, 1000, 1500 and 2000 m away, respectively. Using FRAGSTATS ver. 4.2 [32] (University of Massachussetts, Amherst, MA, USA), the fragmentation values of selected development projects were computed for each buffer zone, and pre- and post-development.




2.3. Statistics


In the EISs, completion dates of projects were not provided, so sample sites were selected based on apparent changes in land use between the two LCMs pre- and post-development. A variety of landscape metrics for pre-development were statistically compared with post-development using repeated measures ANOVA in order to identify which landscape metrics were useful for this analysis. Then, project sites were re-grouped by forest area in order to investigate the effects of size and location on buffer zones. Samples were re-classified and broken down into 30 ha units for within-project-site forest area. The buffer zone effect for the selected landscape metrics was analyzed to examine the development effect based on forest area using repeated measures ANOVA.




2.4. Analysis Procedure


Using the results from fragmentation analysis and repeated measures ANOVA, the impact range for each development, which indicates drastic changes or inconsistent patterns in fragmentation, was investigated in the buffer zone unit. We assumed that a 100 m buffer zone around a project site would be most affected by development, and thus the landscape metrics of the 100 m buffer zone should be compared with those of all the other buffer zones. Because the impact of development on forest is not linear, we explored the differences between buffer zones within the sweep of development impact, which showed consistent fragmentation intensity, and other buffer zones beyond the sweep of development impact, which showed irregular intensity. Based on this concept, we established the impact range for each sample site. The “impact range” was defined in this study as a theoretical distance of equivalent fragmentation impact, regulated by the buffer zone as the unit.



Each metric had a particular distance value indicating the impact ranges, and the results were used to characterize the two development types based on the impact range. As landscape changes over the forested area, including fragmentation, could exert positive or negative effects on the surrounding forest [33,34,35,36,37], the results of this analysis were compared using forestry inventory data in order to examine the ecological effect due to the landscape changes. The overall research process is delineated below in Figure 2.


Figure 2. Procedure for fragmentation analysis of forest land development using FRAGSTATS ver. 4.2 (University of Massachussetts, Amherst, MA, USA) to analyze source data from two land cover maps (from different time periods) and eight different buffer zones.



[image: Sustainability 08 01012 g002]








3. Results


After analysis of land cover changes pre- and post-development for the 17 landscape metrics using repeated measures ANOVA, seven metrics were selected for this research (Table 1) that showed significant changes after the development of golf courses and industrial complexes. The results of repeated measures ANOVA are shown in Table 2. These results indicate significant differences pre- and post-development in terms of fragmentation impact (p < 0.05).



Table 2. Analysis of within-subjects effects of all golf courses and industrial complexes with regard to the effects of development and buffer zones for each landscape metric using repeated measures ANOVA.







	
Golf Course

	
Type III Sum of Squares

	
Degree of freedom

	
Mean Square

	
F

	
p-Value




	
Landscape Metric

	
Source of Variation




	
CA

	
Time

	
69,435.275

	
1

	
69,435.275

	
2.016

	
0.158




	
Time & buffer

	
80,134.441

	
7

	
11,447.777

	
0.332

	
0.938




	
NP

	
Time

	
10,653.762

	
1

	
10,653.762

	
75.248

	
0.000




	
Time & buffer

	
4743.143

	
7

	
677.592

	
4.786

	
0.000




	
PD

	
Time

	
44.566

	
1

	
44.566

	
8.316

	
0.004




	
Time & buffer

	
28.030

	
7

	
4.004

	
0.747

	
0.632




	
TE

	
Time

	
2.926 × 1010

	
1

	
2.926 × 1010

	
157.822

	
0.000




	
Time & buffer

	
1.549 × 1010

	
7

	
2,213,266,064

	
11.938

	
0.000




	
LSI

	
Time

	
469.167

	
1

	
469.167

	
108.217

	
0.000




	
Time & buffer

	
27.134

	
7

	
3.876

	
0.894

	
0.513




	
CONNECT

	
Time

	
9033.243

	
1

	
9033.243

	
41.729

	
0.000




	
Time & buffer

	
4071.675

	
7

	
581.668

	
2.687

	
0.012




	
Industrial Complex

	
Type III Sum of Squares

	
Degree of freedom

	
Mean Square

	
F

	
p-Value




	
Landscape Metric

	
Source of Variation




	
CA

	
Time

	
1,058,086.749

	
1

	
1,058,086.749

	
17.829

	
0.000




	
Time & buffer

	
466,276.167

	
7

	
66,610.881

	
1.122

	
0.354




	
NP

	
Time

	
6460.141

	
1

	
6460.141

	
20.904

	
0.000




	
Time & buffer

	
4654.797

	
7

	
664.971

	
2.152

	
0.043




	
PD

	
Time

	
528.821

	
1

	
528.821

	
59.177

	
0.000




	
Time & buffer

	
71.115

	
7

	
10.159

	
1.137

	
0.345




	
TE

	
Time

	
96.776

	
1

	
96.776

	
13.386

	
0.000




	
Time & buffer

	
52.607

	
7

	
7.515

	
1.040

	
0.407




	
SIMI

	
Time

	
353,334,316.7

	
1

	
353,334,316.7

	
13.284

	
0.000




	
Time & buffer

	
238,791,915.9

	
7

	
34,113,130.84

	
1.282

	
0.265




	
CONNECT

	
Time

	
1832.154

	
1

	
1832.154

	
5.206

	
0.024




	
Time & buffer

	
743.772

	
7

	
106.253

	
0.302

	
0.952










When samples were re-classified by 30 ha units of forest area, golf courses were separated into three classes—30 to 60 ha, 60 to 90 ha, and over 90 ha, whereas those of industrial complexes were separated into two classes—0 to 30 ha and over 30 ha depending on the overall range of internal forest area of the two project types. The results of buffer zone analysis for golf courses and industrial complexes are shown in Table 2, concentrating on significant landscape metrics including CA, NP, PD, LSI and CONNECT as well as TE for golf courses and SIMI for industrial complexes. The individual effect of all metrics was highly significant except for the CA of golf courses (Table 2). When analyzing the effects of landscape metrics and buffer zones concurrently, however, the effects were, in general, not statistically significant. Thus, there was no consistent significant difference from the 100 m buffer zones to the 2000 m buffer zones. Nevertheless, to identify the fragmentation impacts of the projects, we focused on delimiting a series of buffer zones from the 100 m buffer zone near the epicenter of development to the most distant buffer zone that still showed statistically equivalent fragmentation intensity compared to the rest of the buffer zones. We therefore performed multiple comparison analysis via post hoc testing in repeated measures ANOVA based on forest area for golf courses (Table 3) and industrial complexes (Table 4).



Table 3. Post hoc testing in repeated measures ANOVA analyzing golf course development with a forest area ranging from 30 to >90 ha for six landscape metrics. The values of each buffer zone are compared with those of 100 m buffer zones to identify distinct impact ranges (p < 0.05).







	
Repeated Measures ANOVA for Golf Courses (Mean Value) 1




	
Metrics/Buffer Zones

	
Forest Area (ha)

	
Metrics/Buffer Zones

	
Forest Area (ha)




	
30~60

	
60~90

	
90 +

	
30~60

	
60~90

	
90 +






	
CA

100 m vs.

	

	

	

	
TE

100 m vs.

	

	

	




	
200 m

	
−25.77

	
−33.12

	
−63.21

	
200 m

	
−4208.0

	
−4321.92

	
−6151.67




	
300 m

	
−53.23

	
−66.50

	
−124.40

	
300 m

	
−9063.0

	
−8890.77

	
−10,587.50




	
400 m

	
−81.29

	
−101.04

	
−184.90

	
400 m

	
−13,910.5

	
−13,704.04

	
−14,508.33




	
500 m

	
−109.43 *

	
−136.88

	
−248.56

	
500 m

	
−19,201.5

	
−18,644.35 *

	
−20,004.17




	
1000 m

	
−266.43 *

	
−367.78 *

	
−622.87

	
1000 m

	
−50,323.0 *

	
−48,914.42 *

	
−55,064.17




	
1500 m

	
−480.29 *

	
−697.44 *

	
−1085.17 *

	
1500 m

	
−88,897.5 *

	
−86,739.23 *

	
−96,248.33 *




	
2000 m

	
−757.57 *

	
−1105.56 *

	
−1638.31 *

	
2000 m

	
−143,196.5 *

	
−131,822.69 *

	
−138,245.83 *




	
SE2

	
33.75

	
61.71

	
236.24

	
SE

	
8970.79

	
5099.21

	
20,851.76




	
NP 

100 m vs.

	

	

	

	
LSI 

100 m vs.

	

	

	




	
200 m

	
−0.8

	
−0.23

	
−1.67

	
200 m

	
−0.42

	
−0.30

	
0.03




	
300 m

	
−2.9

	
−1.96

	
−0.33

	
300 m

	
−0.94

	
−0.70

	
0.15




	
400 m

	
−5.4

	
−4.23

	
−2.50

	
400 m

	
−1.40

	
−1.16

	
0.21




	
500 m

	
−6.6

	
−5.04

	
−8.67

	
500 m

	
−1.85

	
−1.54

	
−0.10




	
1000 m

	
−19.9

	
−14.39 *

	
−17.17

	
1000 m

	
−4.59 *

	
−3.76 *

	
−1.67




	
1500 m

	
−34.6 *

	
−23.62 *

	
−23.00

	
1500 m

	
−7.00 *

	
−5.59 *

	
−3.18




	
2000 m

	
−56.2 *

	
−37.58 *

	
−38.17

	
2000 m

	
−9.86 *

	
−7.42 *

	
−5.45




	
SE

	
6.20

	
3.93

	
13.56

	
SE

	
1.25

	
0.77

	
2.28




	
PD

100 m vs.

	

	

	

	
CONNECT

100 m vs.

	

	

	




	
200 m

	
2.51

	
2.72 *

	
0.64

	
200 m

	
6.48

	
−2.01

	
3.10




	
300 m

	
2.83

	
3.12 *

	
1.60

	
300 m

	
−1.10

	
7.29

	
7.62




	
400 m

	
2.77

	
3.22 *

	
1.58

	
400 m

	
6.49

	
12.58

	
12.30




	
500 m

	
3.56

	
3.66 *

	
1.02

	
500 m

	
11.35

	
12.95

	
15.34




	
1000 m

	
4.21 *

	
4.16 *

	
1.64

	
1000 m

	
22.35 *

	
27.16 *

	
18.40




	
1500 m

	
4.66 *

	
4.54 *

	
2.19

	
1500 m

	
25.44 *

	
27.31 *

	
16.14




	
2000 m

	
4.71 *

	
4.63 *

	
1.41

	
2000 m

	
26.85 *

	
32.10 *

	
20.11




	
SE

	
1.28

	
0.84

	
0.80

	
SE

	
5.99

	
6.13

	
8.42








Tukey HSD test (p = 0.05); 1 ‘100 m buffer zone’ minus ‘other buffer zones’; * Significant at p-values less than 0.05.








Table 4. Post hoc testing in repeated measures ANOVA analyzing industrial complex projects with forest areas ranging from 0 to > 30 ha for six landscape metrics. The values of each buffer zone are compared with those of 100 m buffer zones to identify distinct impact ranges (p < 0.05).







	
Repeated Measures ANOVA for Industrial Complexes (Mean Value) 1




	
Indexes/Buffer Zones

	
Forest Area (ha)

	
Indexes/Buffer Zones

	
Forest Area (ha)




	
0~30

	
30 +

	
0~30

	
30 +






	
CA

100 m vs.

	

	

	
LSI

100 m vs.

	

	




	
200 m

	
−18.50

	
−15.20

	
200 m

	
−0.35

	
−0.32




	
300 m

	
−37.86

	
−29.26

	
300 m

	
−0.81

	
−0.63




	
400 m

	
−59.03

	
−44.70

	
400 m

	
−1.24

	
−1.12




	
500 m

	
−82.06

	
−62.26

	
500 m

	
−1.76 *

	
−1.54




	
1000 m

	
−218.12

	
−192.13 *

	
1000 m

	
−4.25 *

	
−3.22 *




	
1500 m

	
−400.04 *

	
−368.13 *

	
1500 m

	
−6.55 *

	
−5.43 *




	
2000 m

	
−629.77 *

	
−588.48 *

	
2000 m

	
−8.59 *

	
−7.27 *




	
SE2

	
74.86

	
44.31

	
SE

	
0.54

	
0.51




	
NP

100 m vs.

	

	

	
SIMI

100 m vs.

	

	




	
200 m

	
−0.92

	
0.00

	
200 m

	
−279.51

	
−43.82




	
300 m

	
−2.92

	
−3.33

	
300 m

	
−596.85

	
−299.51




	
400 m

	
−5.04

	
−5.83

	
E

	
−574.15

	
−371.26




	
500 m

	
−6.19

	
−6.67

	
500 m

	
E

	
−56.10




	
E

	
−18.04 *

	
−16.83

	
1000 m

	
−1505.12

	
−254.72




	
1500 m

	
−32.08 *

	
−30.00

	
1500 m

	
−319.40

	
−622.45




	
2000 m

	
−48.89 *

	
−46.33 *

	
2000 m

	
−5651.88 *

	
−715.27




	
SE

	
3.49

	
11.11

	
SE

	
1515.28

	
338.71




	
PD

100 m vs.

	

	

	
CONNECT

100 m vs.

	

	




	
200 m

	
4.73 *

	
3.72

	
200 m

	
8.66

	
−2.98




	
300 m

	
5.61 *

	
3.98

	
300 m

	
15.07 *

	
9.21




	
400 m

	
5.96 *

	
4.20

	
400 m

	
18.81 *

	
10.75




	
500 m

	
6.78 *

	
5.00

	
500 m

	
19.82 *

	
12.07




	
1000 m

	
7.44 *

	
5.68 *

	
1000 m

	
31.03 *

	
15.65




	
1500 m

	
7.78 *

	
5.74 *

	
1500 m

	
33.03 *

	
17.75




	
2000 m

	
8.00 *

	
5.82 *

	
2000 m

	
35.11 *

	
19.00




	
SE

	
1.09

	
1.53

	
SE

	
4.30

	
10.11








Tukey HSD test (p = 0.05); 1 ‘100 m buffer zone’ minus ‘other buffer zones’; * Significant at p-values less than 0.05.








Based upon our assumption that a 100 m buffer zone is the most affected by development, the 100 m buffer zones of each project site were compared with all other buffer zones by each landscape metric. In the case of golf courses with forest areas less than 60 ha (Table 3), the CA values of 100 m buffer zones were significantly different than buffer zones equal to or greater than 500 m. Consequently, eight buffer zones were separated into two groups with regard to CA values (p < 0.05): 100 to 400 m buffer zones and 500 to 2000 m buffer zones (Table 3). This outcome implied that the entire region within 400 m of the development site faced the same fragmentation impact intensity, while beyond that range the impact intensity varied. This result with regard to CA varied among the forest area classes; at 60 to 90 ha, the 500 m buffer zones showed uniform CA, while sites over 90 ha had expanded impact ranges up to 2000 m away. This pattern was diverse for the landscape metrics analyzed in this research (Table 3).



For industrial complexes with forest areas less than 30 ha (Table 4), the CONNECT values of 100 m buffer zones varied from those of 300 m buffer zones. Therefore, 100 to 200 m buffer zones were distinguished from 300 to 2000 m buffer zones (p < 0.05; Table 4). Using this approach, the results from multiple fragmentation analysis for both project types are presented in Table 5.



Table 5. Impact ranges in meters for each landscape metric by forest area for golf courses and industrial complexes.







	
Golf Courses

	
Forest Area (ha)

	
Landscape Metrics (m)




	
CA

	
NP

	
PD

	
TE

	
LSI

	
CONNECT

	
Mean

	
Mean * (Representative)




	
30~60

	
500

	
1000

	
500

	
500

	
500

	
500

	
580

	
670




	
60~90

	
500

	
500

	
100

	
400

	
500

	
500

	
420

	
330




	
Over 90

	
1000

	
2000

	
2000

	
1000

	
2000

	
2000

	
1670

	
1670




	
Industrial Complexes

	
Forest Area (ha)

	
Landscape Metrics (m)




	
CA

	
NP

	
PD

	
LSI

	
SIMI

	
CONNECT

	
Mean

	
Mean * (Representative)




	
0~30

	
1000

	
500

	
100

	
400

	
1500

	
200

	
620

	
270




	
Over 30

	
500

	
1500

	
500

	
500

	
2000

	
2000

	
1170

	
1330




	
Definitions

	
Major Landscape Metric Elements




	
 CA:

 NP:

 PD:

 TE:

 LSI:

 SIMI:

 CONNECT

	
class area

no. of patches

patch density

total edge length

landscape shape index

similarity index

connectance index

	

	➔

	
patch area




	➔

	
no. of patches




	➔

	
no. of patches




	➔

	
edge length




	➔

	
edge length




	➔

	
patch area, distance between patches




	➔

	
joining conditions of a certain patch type (joined or unjoined)














* The average value of the shaded landscape metrics indicating similarity between the impact ranges and the mean values computed from all landscape metrics.








In Table 5, samples with forest areas over 90 ha seemed to affect surrounding landscapes most among the three groups. The main pattern of the impact range based on forest area was calculated from the average values of the six selected metircs values for each forest area group, i.e., 580 m for the 30 to 60 ha forest area group, 420 m for the 60 to 90 ha group and 1670 m for the over 90 ha group (Table 5). Three metrics, NP, PD and TE, were most representative of the main pattern. For example, in the case of NP, while sites with 30 to 60 ha of forest area showed an impact range of 1000 m, sites of over 90 ha had a 2000 m impact range. Sites of 60 to 90 ha had the smallest impact range of 500 m, and this phenomenon was similar to the main pattern shown in Table 5. The fundamental attributes characterizing golf courses were summarized as the number of patches derived from NP and PD and the edge length from TE according to the major elements of the representative landscape metrics (Table 5) [32]. In industrial complex analysis, the larger forest area group showed a greater impact, with average values of 620 m for forest areas of 0 to 30 ha and 1170 m for those over 30 ha (Table 5). Three metrics, NP, PD and CONNECT, had a dominant role in determining the main pattern of the impact range (Table 5). CONNECT varied from the values found for golf course analysis, as described above. These three metrics were derived primarily from the number of patches (NP, PD) and the joining conditions of a certain patch type (CONNECT) (Table 5) [32]. In conclusion, this result revealed that while the “edge length” of TE represented the unique characteristic of golf courses, the “joining conditions of patches” of CONNECT was considered as an useful delegate element for industrial complexes (Table 5).



Comparing golf courses with industrial complexes, there was a difference in the most representative landscape metrics of the main patterns shaded in Table 5. While NP and PD were selected for both types, TE was only applicable to golf courses and CONNECT was only applicable to industrial complexes. Because NP and PD were considered the most representative metrics for both development types; however, they were not useful for effectively differentiating between the two development types in terms of landscape change after development. Instead, TE, which originated from the edge length, and CONNECT, which is determined based on configuration by patch type, were considered valuable metrics for distinguishing golf courses from industrial complexes in terms of fragmentation impact.



According to the results from TE (Table 5), golf courses disturbed the forest areas surrounding developments more than industrial complexes. From this, it can be deduced that golf courses triggered additional development, which inevitably affected the edge region. The CONNECT of industrial complexes indicated that this type of development interrupted the aggregation of congeneric patches and/or divided the patches. This implied that industrial complexes might cause more serious changes in adjacent areas on a patch scale, such as damage due to secondary development, than golf course development. Additionally, golf courses with the minimum forest area showed a greater impact range than the medium-sized group, which was an unexpected result in this research (Table 5). In contrast, the impact ranges of industrial complexes increased with the size of forest areas within project sites. Based upon the results explained above, we compared the application of our approach with the actual development of two industrial complexes in Figure 3 ((a) 0 to 30 ha; (b) over 30 ha).


Figure 3. Examples of the development of industrial complexes: (a) 1 to 30 ha of forest area within the project site; and (b) over 30 ha of forest area. Impact ranges for each landscape metric are shaded.
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While relatively narrower impact ranges with an average of 550 m were discovered in the case of the smaller project (Figure 3a), in the larger project (Figure 3b), wider ranges with an average of 814 m were identified. These results were mostly consistent with the major findings in this research (Table 5); however, there was an issue concerning the interpretation of the impact range of individual developments. As the impact range values were closely related to the proportion of forest and developed areas around the project sites and their configuration, a comprehensive understanding of the historical background of landscape changes in a target area is needed to estimate such ranges properly. To examine the relationship between the results from our impact range analyses and ecological factors, stem volume growth data from the national vegetation survey of the Korea Forest Service were analyzed. The tree species growth per hectare was computed using datasets from two different selected time periods, 2008 and 2013, and the results in relation to the two project types are presented in Figure 4.


Figure 4. Relative stem volume growth for each buffer zone by forest area between 2008 and 2013: (a) golf courses; and (b) industrial complexes.
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As the sample size was limited due to the resolution of the dataset, statistical analysis of the effects of buffer zones in relation to forest area was not available. In Figure 4, the smallest golf course group of 30 to 60 ha showed the highest growth rate for the same period compared to other larger forest area groups. The smaller forest area group of industrial complexes had a relatively higher growth rate than the larger forest area group, but not to the same extent as golf courses (Figure 4). For both golf courses and industrial complexes, the growth rates in the 100 m buffer zone, regardless of the forest area, were highest (golf courses by forest area: 9.6, 1.7, 1.1 m3/ha/5 years; industrial complexes by forest area: 2.8, 1.5 m3/ha/5 years; Figure 4). This tendency for the growth rates to decrease with greater distance from the project site might be due to the management of development boundaries for the purpose of minimizing environmental impacts. However, further accurate and detailed analysis is needed that is beyond the scope of this study.




4. Discussion


In this study, an approach to quantifying the impacts of development was created based upon landscape change analysis and the buffer zone concept. Differences in metrics between golf courses and industrial complexes emerged from the analysis of several landscape metrics based on forest area within project sites. There was a difference between the two development types in terms of the major landscape changes on the following landscape metrics: NP, PD and TE for golf courses; and NP, PD and CONNECT for industrial complexes. Whereas the impact range of golf courses was not related to forest area in the project site, which of industrial complexes increased with remnant forest size. Consequently, the results of this research indicate that different types of development have varying effect patterns on forest areas. When we tested this outcome with individual projects, each sample bore similarities to the pattern suggested for that development type by our analysis, though there was some individual variation. Therefore, the findings here provide a meaningful basis for creating a useful tool in order to quantify development impacts in a simple and visible manner.



The novel approach in this research can be applied to modeling and assessing environmental impacts in various regions and countries. There has been little research on an international scale that systematically deals with the fragmentation impacts of development projects listed in EIAs, for example, urban development [7,8,27] and golf course development [38,39,40]. As there are significant differences among EIA categories due to the innate attributes of each project type, standardized criteria for evaluating development projects are needed that will also consider multiple categories, especially in relation to forest areas. In this sense, it is essential that future studies cover various development types and create a comprehensive assessment model based on accumulated comparative research.



There are two limitations to this research that should be considered in order to improve the degree of accuracy and reliability of this analysis. First, to better understand the implications of this analysis, a comparison of the changes in landscape patterns and the ecological structure and functions in areas without a history of previous development is needed. From this comparison, the reason for landscape changes and the intensity of impacts could be clarified. The most challenging part of this task is to find comparable sites that share similar characteristics except for the existence of development. Secondly, buffer zone analysis needs to be compared with an equal sized sampling method such as a transect sampling. We tested our buffer zone concept here, in order to minimize the effects of external factors on the fragmentation pattern, which is beyond the scope of this study. In order to obtain more reliable output, the issues of spatial scaling [41] and compatibility with ecological theory [42] should be addressed in the sampling design stage. Follow-up research exploring these points would contribute to the assessment of landscape changes under diverse situations.
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