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ABSTRACT

In some areas of the Republic of Korea, the designation and management of conservation areas do
not adequately reflect regional characteristics and often impose behavioral regulations without
considering the local context. One prominent example is the Busan EDC area. As a result, conflicts
may arise, including large-scale civil complaints, regarding the conservation and utilization of these
areas. Therefore, for the efficient designation and management of protected areas, it is necessary to
consider various ecosystem factors, changes in land use, and regional characteristics. In this study, we
specifically focused on the Busan EDC area and applied machine learning techniques to analyze the
habitat of regional species. Additionally, we employed Explainable Atrtificial Intelligence techniques to

interpret the results of our analysis. To analyze the regional characteristics of the waterfront area in
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the Busan EDC district and the habitat of migratory birds, we used bird observations as dependent
variables, distinguishing between presence and absence. The independent variables were constructed
using land cover, elevation, slope, bridges, and river depth data. We utilized the XGBoost (eXtreme
Gradient Boosting) model, known for its excellent performance in various fields, to predict the habitat
probabilities of 11 bird species. Furthermore, we employed the SHapley Additive exPlanations technique,
one of the representative methodologies of XAlI, to analyze the relative importance and impact of the
variables used in the model. The analysis results showed that in the EDC business district, as one moves
closer to the river from the waterfront, the likelihood of bird habitat increases based on the overlapping
habitat probabilities of the analyzed bird species. By synthesizing the major variables influencing the
habitat of each species, key variables such as rivers, rice fields, fields, pastures, inland wetlands, tidal
flats, orchards, cultivated lands, cliffs & rocks, elevation, lakes, and deciduous forests were identified
as areas that can serve as habitats, shelters, resting places, and feeding grounds for birds. On the other
hand, artificial structures such as bridges, railways, and other public facilities were found to have a
negative impact on bird habitat. The development of a management plan for conservation areas based
on the objective analysis presented in this study is expected to be extensively utilized in the future.
It will provide diverse evidential materials for establishing effective conservation area management

strategies.
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Table 1. Variables used in the study

Variable Description Data source and reference
habitat and .
Depende non-habitat by |Presentce (1) and Absentce (0) for 21 the indicator species National Ecosystem Survey
nt . . (2th, 4th)
bird species
Land Cover Area of 41 types of classified land cover within a 500m| Land Cover map by
radius of habitat and non-habitat for each species Ministry of Environment
Altitude and | Raster values in units of 10 m where the habitat and Disital Topographic Ma
Slope non-habitat are located for each species § POETAp P
In((iiepen Area of road bridges, pedestrian bridges, and railroad
ent

Bridges bridges included within a 500m radius of each species’ | Digital Topographic Map
habitat and non-habitat

Water resources
management information
system(WAMIS)

Average water level of rivers contained within 500m radius

River D
iver Depth of habitat and non-habitants for each species
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Table 2. Selection of Migratory Bird Indicator Species in Waterfront Area of EDC Project District
Migrat .
Species name Scientific name lé’:lidory Dominance IUCN Natural Endangered Data
. Index(%) |Red list*| monument species
population
A= 92* | Anas poecilorhyncha™ 3,892 2135 LC - - O
B Fulica atra 3,081 169 LC - - O
R Anas platyrhynchos** 2,866 1572 LC - - O
ER Anas clypeata™* 1,577 8.65 LC - - O
EA ™ Aythya ferina*™* 1,181 6.48 VU - - O
71971 Anser fabalis 739 4.05 LC - 2 x
AL dEA Aythya marila 656 3.6 LC - - O
A Passer montanus 633 347 LC - - @)
gdog Anas strepera 570 3.13 LC - - O
F-2m2] @ B-5o]**| Paradoxornis webbianus™* 520 2.85 LC - - O
e a7 Larus ridibundus 442 242 LC - - O
g e Anas falcata™* 387 2.12 NT - - O
th7] 8] A ** Aythya fuligula™* 235 1.29 LC - - O
o Cygnus cygnus** 140 0.77 LC O 2 O
7o e Anas formosa** 130 071 LC - Cancellation | O
o g Bucephala clangula 130 0.71 LC - - O
H27a}9-%] Phalacrocorax carbo 128 0.7 LC - - O
Wr=rolg]** Podiceps cristatus™ 116 0.64 LC - - O
22 7A** | Corvus macrorhynchos™* 109 0.6 LC - - O
oo Anas acuta™* 80 0.44 LC - - O
E=Hole] Tachybaptus ruficollis 76 042 LC - - O
7t Ardea cinerea™® 71 039 LC Habitats - O
Hol )~ Larus crassirostris 68 0.37 LC Habitats - O
2] 9# Anas crecca 52 0.29 LC - - O
ST 2 Ardea alba** 48 0.26 NE - - O
S Milvus migrans 31 0.17 LC - 2 x
7] Larus canus 29 0.16 LC - - O
gH) 28 Mergellus albellus 20 0.11 LC - - O
73] Pica pica 16 0.09 LC - - O
2 7]** Sturnus cineraceus™* 15 0.08 LC - - O
LG Aix galericulata™* 8 0.04 LC O - O
uirh] 9 2 Mergus serrator 7 0.04 LC - - O
A A 71" Larus argentatus™* 8 0.04 LC - - O
2B Gallinula_chloropus 5 0.03 LC - - O
57| Streptopelia_orientalis** 5 0.03 LC - - O
R Egretta garzetta 3 0.02 LC - - O
Bz o] Falco tinnunculus™* 4 0.02 LC O - O
=5 Aegypius monachus 4 0.02 NT O 2 X
3 meE)E Haliaeetus albicilla 2 0.01 LC O 1 x
A Buteo buteo** 1 0.01 LC - Cancellation | O
el Lanius bucephalus 1 0.01 LC - - O

* TUCN Red list Categories: Not BEvaluated(NE), Data Deficient(DD), Least Concern(LC), Near Threatened(NT),
Vulnerable(VU), Endangered(EN), Critically Endangered(CR), Extinct in the Wild (EW) and Extinct(EX)

** Selection of Migratory Bird Indicator Species
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Table 3. Applicable variables for migratory bird habitat probability analysis

Variable Reference Data

Choi et al(2014),

Wetland area PavérJordzn et al(2017)

Grassland area, Farmland area Li et al(2013)

Reedbed area oo

Waterbody(Sea, River, Lake, Reservoirs, etc.) area Lehikoinen et al(2016)

Land use Arzel et al(2015)

Rivers, reservoirs, and wetlands area McCauley et al(2016) Land Cover map

Land cover type

Developement zone(Road, Building, etc.) Area Sun et al(2015)

Wetlands, Tidal flats area Pandiyan and Asokan (2016)

Farmland, Grassland, Wetland, Waterbody area | Elafti et al(2017)

Land cover type Luo et al(2019)

Land usefcover, Road, Bridge area Choudhary et al(2021)

Vegetation type Rajpar &Zakaria (2014)

Waterbody, Wetland area Vanausdall & Dinsmore(2019) | Land cover map

Vegetation

Wetland properties
Vegetation information

Wang et al(2016),
Wang et al(2019)

Ecological and natural map

Emerged plant(reed, Typha orientalis, etc.) area
Waterbody(Sea, River, Lake, Reservoirs, etc.) area
River depth(or level)

Chabot et al(2014)

L e iy, |
River level Liang et al(2022)

L?nScaso({nl{asle river levels Li et al(2019)

VBV;EE g‘sﬁy Reiter et al(2015)

Vthztlzrinb(g)dy, wetland, Farmland area, road area Hsu et al(2019) Il_gzlagglscgop\;zrse nrl\z’ii[;e

Wetland, grassland area
Building area

Zhang et al(2019)

River water quality
Topography(Elevation, slope, ect.)

Wang et al(2019)

Water environment information system
Digital Elevation Moedel(DEM)

River electrical conductivity, pH

Water environment information system

Wetland arca Brandolin & Blendinger(2015) Land cover map
Road(or Bridge), residential zone area DEM

¢ Maleki et al(2016) Land cover map
NDVI, TCWGD

LandSat

River salinity . .
River depthor level) Athearn et al(2012) List of River
DEM . DEM
River depth(or level) SchafferSmith et al(2018) List of River

Low tide and high tide

Basso et al(2018)

KHOA Smart Tide Forecast

Road(traffic)

Traffic monitoring system

Land use ?ﬁfﬁfﬁzﬁ 4 Land cover map
River properties(level, vegetation) List of River
Building density BldgisSpceService
Land use Mix Land cover map
Farmland properties Stevens & Conway(2020) Soil map

Water pollution

Water environment information system
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Falco tinnunculus

Apythya ferina

Figure 6. Probability distribution of migratory bird Habitats in EDC District

Figure 7. Overlapping results of 11 species with a
high probability of habitat
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