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Abstract: Rehabilitation of mining areas can reduce damage to ecosystems. However, the effects of rehabilitation
on ecosystem services (ESs) and its contribution to local communities are not well known. Thus, the aims of this
study were to clearly identify the ES beneficiaries affected by mining activities, to determine how the beneficiaries
profit from surrounding areas in cooperation with local stakeholders, and to manage the rehabilitation areas for the
ESs that the beneficiaries want. This study chose 18 ESs (4 provisioning, 7 regulating, 5 cultural, and 2 habitat
services) based on The Economics of Ecosystems and Biodiversity. A semi-structured questionnaire survey using an
11-point Likert scale was conducted among 87 community residents to investigate social awareness and identify key
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ESs. The survey results from two local communities showed high awareness and demands mainly on cultural (mental
and physical health, aesthetic appreciation, and recreation) and regulating services (local climate and air quality, and
moderation of extreme events). These services were related to the daily lives of residents in local communities,
provided positive benefits, and potentially improved the residents' future livelihoods. However, the average question-
naire scores were limited to 6-7 points, indicating that the benefits to local communities were meager. The residents'
awareness of provisioning service was negative, even if it provided goods and profit opportunities. This indicated a
disconnection between local communities and provisioning services due to forest rehabilitation that did not consider
local communities that traditionally relied on specific provisioning services before the onset of mining activities.
Future forest rehabilitation in abandoned mine areas must consider the welfare of local communities for sustainable
use of rehabilitated forests and enhancing ESs. In this study, only a qualitative evaluation based on frequency analyses
was conducted. The quantification and valuation of key ESs are warranted in the future to promote ESs from forest
rehabilitation in abandoned mine areas. The study results would be useful for developing site-specific ES promotion

strategies for reforesting mine areas.
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Mining Activies

|

Manufactured capital

Demand

BUppl; Flow
Natural Capital
L, The stock of natural V
ecosystems
Benefit

Human & Social Capital
Needs, culture, education, social
preference, institutions, well-being, <=
values, experience and attitudes

= ES interaction

...... » Mining and environment interaction

Figure 1. Conceptual framework linking mining activities to ecosystem services (Mitchell et al., 2015).
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Table 1. Study area.

No Forest rehabilitation location

Servicesheds

San 1-35, Gurae-ri, Sangdong-eup,

! Yeongwol-gun, Gangwon-do

2 San 67-1, Tong-dong, Taebaek-si, Gangwon-do

Jeongseon-gun, Sabuk-eup
(direct and indirect beneficiary)

Tong-dong (direct beneficiary)
Downtown Taebak-si (indirect beneficiary)

3. ZuEESH 2EE HEiAMHA =) =&

Boldy et al.(2021)0]] w2, A2 u} YA AR AS
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B AFe AYAFE 7uke 2 PAtekea) B ohof
3t ESE The Economics of Ecosystems and Biodiversity
(TEEB, 2010)2] 7]<=of whe} 25733t 20109 &35

Table 2. Mining activities relevant ES types and description.

TEEB(2010):= &5 A 0], 2AAH| A, F3RAIH] A, A4
A Mu| AR ESE &SI} o] 7]&L2 Millennium Eco-
system Assessment ‘53t o] o] 2] A A H]A ol
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Mining activities

Classification relevant ecosystem Description
service types
.. All ecosystems not only provide medicinal resources but also serves as potential sources
Medicinal resources .
of medical assets.
L Fresh water Forest and vegetation have a positive impacts on the amount of water available for use.
Provisioning - : :
service Foqd is produced by well-mane.lged agricultural ecosystems, but also'p.rowded by coastgl,
Food marine, and forest ecosystems in terms of seafood and crops. In addition, one can obtain
nutritional benefits by consuming various forest products.
Raw materials Forest provides valuable raw materials such as timber, bio-fuels, and construction materials.
Insects and wind help pollinate plants and trees, supporting the production of agricultural
Crop pollination and forest products. In forest restoration sites, considering the surrounding social conditions,
selective tree species can be planted to assist in crop pollination.
Local climate and air Forest has a regional impact on rainfall and water availability. Trees and understory vegetation
quality also regulate air quality by removing pollutants from the atmosphere.
. . Ecosystems regulate pests and diseases through the activities of predators and parasites.
Biological control . . . . .
Birds, flies, wasps, frogs, fungi, and other organisms contribute to natural control roles.
Natural disasters include floods, typhoons, landslides, and more. Ecosystems and organisms
Moderation of create buffering mechanisms to mitigate potential damages caused by natural disasters.
Regulating extreme events For example, reforestation can help stabilize slopes and prevent landslides through tree
service planting.

Waste-water
treatment

Biological activities of soil micro-organisms help decompose waste and reduce the level
of pollution, including waste materials.

Carbon sequestration
and storage

As trees grow, they remove carbon dioxide from the atmosphere and effectively sequester
carbons in their tissues. Therefore, forest ecosystems serve as carbon sinks and contribute
to enhancing the capacity of ecosystems to adapt to climate change impacts.

Erosion prevention
and maintenance of
soil fertility

Soil erosion is a key factor in soil degradation and desertification processes. Afforestation
in barren or degraded areas helps prevent soil erosion. Additionally, it improves soil fertility,
supplying necessary nutrients to support ecosystem functioning and facilitate plant growth.
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Table 2. (Continued)

A3 A1 (2024)

Mining activities
relevant ecosystem
service types

Classification

Description

Mining areas have infrastructure such as roads installed for mining activities. By utilizing

Recreation

such infrastructure, forest restoration sites in mining areas can be integrated with green

spaces, providing diverse recreational and leisure opportunities and spaces.

Ecosystems and biodiversity are major sources of tourism industry and also provide economic
Educational value and benefits. Forest rehabilitation for ecosystem creation can be utilized as an educational

tourism platform, promoting cultural, eco, and educational tourism to convey the importance of
Cultural forests to people.
service . . . Well-restored natural landscapes and ecosystems provide inspiration for culture, art, design,
Aesthetic appreciation
and more.
Mental and physical Forest rehabilitation provides benefits for maintaining and enhancing both mental and
health physical health.
Spiritual experience Mother nature is a common element for many religions and traditional knowledge, and
and sense of place  provides places for community activities related to religions and traditional beliefs.
Habitats provide essential elements such as food, water, and shelter for individual plants
Habitats for species or animals to survive. Each ecosystem provides different habitats essential for life cycles
of species.
Habi.tat Genetic diversity provides a gene pool that promotes the development of locally adapted
service

Maintenance of
genetic diversity

varieties of different species and improves commercial crops and livestock. Certain forest
restoration sites are designed to create exceptional habitats for a greater number of species
or artificially create "biodiversity hotspots" with increased genetic diversity, reflecting the

demand of indigenous species and the surrounding local communities.
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Figure 2. Perception survey field sheet for local communities.

Table 3. Likert 11-point labels and conversion points (Taherdoost, 2019).

Likert 11-point labels Scale Conversion point

Very Strongly benefit -5 1

Strongly negative benefit -4 2

Negative Negative benefit -3 3

Mostly negative benefit 2 4

Slightly negative benefit -1 5

Unknown Unknown 0 0

Slightly positive benefit 1 6

Mostly positive benefit 2 7

Positive positive benefit 3 8

Strongly Positive benefit 4 9

Very Strongly positive benefit 5 10
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Table 4. Demographic characteristics.

A3 A1 (2024)

53.0%2 FHHOR AAHYE o) FAAGY Ao
Zulgo] ARe Bih YR FHS a4 of7)m vk

= A Augith 5oz, 78] 2EAH| A FollA S
7iel =X]7]1% W tf7]ZH(local climate and air quality,
76.0%), AAAY 3l ZZ(moderation of extreme event, 68.0%),
42 A S waste-water treatment, 67.0%), BtATA 1 &2}
(carbon sequestration and storage, 66.0%), E9F%]4] HX]
(erosion prevent and maintenance of soil fertility, 59.0%)]
ot l4jo] Sgkeh oleist 2AUAN|A FEL BATE
oA AT 4 ol BAEA g AAoRE B 4
it E3tAu|AE 57l = 41Xl 77 H(mental and physical
health, 75.0%), Al0]& 7}2] @ 7 (aesthetic appreciation,
71.0%), = 2] of|o]H(recreation, 66.0%)°] gt 7=
Q14l0] oleh. B, AAA A AL G BY mE
S0%0] 11717 Eatol, AthAom o Al sol it of
oz AU

29 67) e w2 Ae] 2
7% 9 o7 T6.0%), EEPAH 0] AHAHT5.0%),
AuE 740 9 GRHT10%), A E 0] A A
(68.0%), SR 2H(67.0%), B4 2 A2H66.0%) 220
2 Uitk 35408 3474 Q4] e FEe vl
oF 2EAH| 2 HFE o] jlom, A9 AFYE S 49
At prAE AB|A7) R0l qlek Ritle AR

QA F9 47 322 MESHA HlA|(biological control)

SUNY

Classification N %
Region Taebaek-si 62 67.4
Jeongseon-gun 25 27.2
40's 4 4.6
50's 10 11.5
60's 26 29.9
Age group 70's 31 35.6
over 80's 16 18.4
Non-response 0 0
YES 29 333
Mining profession NO 58 66.7
Non-response 0
<10 9.2
<20 34
Length of residence =30 6 6.9
<40 14 16.1
40> 55 63.2

Non-response
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Table 5. Communities’ ES perceptions of forest rehabilitation in abandoned mine area.

125

ES perception (%)

ES classification from TEEB(2010) - — Mean SD
Negative Positive Unknown

Medicinal resource 37.0 48.0 15.0 5.1 34

Provisioning Freshwater 29.0 60.0 11.0 53 3.2

service Food 47.0 41.0 11.0 4.7 3.2

Raw materials 33.0 53.0 14.0 5.1 3.1

Crop pollination 37.0 49.0 14.0 53 3.1

Local climate and air quality 18.0 76.0 6.0 6.7 3.1

Biological control 51.0 44.0 6.0 4.9 3.0

Regulating Moderation of extreme events 23.0 68.0 9.0 6.6 3.1

service Waste-water treatment 28.0 67.0 6.0 6.1 3.1

Carbon sequestration and storage 9.0 66.0 25.0 5.8 3.8

]érr(;fllzr; prevent and maintenance of soil 200 50.0 220 53 36

Recreation 28.0 66.0 7.0 6.3 2.9

Education value and tourism 33.0 46.0 21.0 4.9 3.5

Cultural service Aesthetic appreciation 21.0 71.0 8.0 7.1 3.0

Mental and physical health 21.0 75.0 5.0 7.2 2.7

Spiritual experience and sense of place 30.0 44.0 26.0 4.2 34

. . Habitats for species 31.0 45.0 24.0 4.5 34

Habitat service
Maintenance of genetic diversity 29.0 45.0 26.0 4.8 3.6
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ource pollination me events
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reatment seq wetoion
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Figure 3. Communities’ ES perceptions (n = 87) of forest rehabilitation in abandoned mine area (%).
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Figure. 4. Communities’ average scores of ES based on Likert 11 points (0 to 10).
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7|12 HE ol dAHACR YERG O B = (Supple-
mentary materials Table S1, S2), At2H S 53f slig A
T2 AdH s Ay ESE A Es okttt ol2jt g
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gt A ETA 9 Be] 9 ARNEE Adsk=d
|3 ARES AFFeEN A&L7HsT AT E =AY
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H A= 3h=35-8]30- ¢ 5 h(Korea Mine Rehabilitation
and Mineral Resources Corporation) 7]<%15-AF4(202232
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Supplementary Materials

Table S1. Taebaek community’s ES perceptions of the forest rehabilitation in abandoned mine areas.

ES perception (%)

ES classification from TEEB (2010) - — Mean SD
Negative Positive Unknown

Medicinal resource 46.8 37.1 16.1 4.4 3.1

Provisioning Freshwater 32.3 54.8 12.9 5.0 3.2

service Food 51.6 33.9 14.5 42 3.0

Raw materials 33.9 51.6 14.5 4.8 2.9

Crop pollination 46.8 355 17.7 4.5 3.0

Local climate and air quality 25.8 67.7 6.5 6.1 3.2

) Biological control 58.1 37.1 4.8 4.5 2.9

RZ%;‘i?éleng Moderation of extreme events 24.2 62.9 12.9 6.2 32

Waste-water treatment 323 59.7 8.1 5.6 32

Carbon sequestration and storage 11.3 54.8 33.9 4.9 3.9

Erosion prevent and maintenance of soil fertility 19.4 51.6 29.0 4.6 3.5

Recreation 33.9 56.5 9.7 5.7 3.0

Education value and tourism 43.5 29.0 274 3.7 3.1

CUItl.Jral Aesthetic appreciation 27.4 66.1 6.5 6.8 2.8
service

Mental and physical health 27.4 66.1 6.5 6.5 2.7

Spiritual experience and sense of place 33.9 323 33.9 3.5 3.2

Habitat Habitats for species 37.1 30.6 323 3.6 3.1

service Maintenance of genetic diversity 37.1 27.4 35.5 3.7 3.3

Table S2. Jeongseon community’s ES perceptions of forest rehabilitation in abandoned mine area.

ES perception (%)

ES classification from TEEB (2010) - — Mean SD

Negative Positive ~ Unknown
Medicinal resource 12.0 76.0 12.0 7.1 3.6
Provisioning Freshwater 20.0 72.0 8.0 6.2 33
service Food 36.0 60.0 4.0 5.8 34
Raw materials 32.0 56.0 12.0 5.6 3.5
Crop pollination 12.0 84.0 4.0 7.2 2.5
Local climate and air quality 0.0 96.0 4.0 8.4 2.1
] Biological control 32.0 60.0 8.0 5.8 32
RZ%;I‘II?;ng Moderation of extreme events 20.0 80.0 0.0 7.8 2.7
Waste-water treatment 16.0 84.0 0.0 7.4 2.4
Carbon sequestration and storage 4.0 92.0 4.0 8.2 2.2
Erosion prevent and maintenance of soil fertility 20.0 76.0 4.0 7.0 3.2
Recreation 12.0 88.0 0.0 7.9 2.1
Education value and tourism 8.0 88.0 4.0 7.9 2.5
Cs;li?zzl Aesthetic appreciation 4.0 84.0 12.0 7.9 33
Mental and physical health 4.0 96.0 0.0 9.0 1.4
Spiritual experience and sense of place 20.0 72.0 8.0 6.1 3.4
Habitat Habitats for species 16.0 80.0 4.0 6.9 2.9

service Maintenance of genetic diversity 8.0 88.0 4.0 7.7 2.5




