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ABSTRACT

This study assessed the ecological health of border areas using the ecological health index and
suggested Indicators for maintaining and promoting ecological values. We analyzed the change trends,
pressures, and resilience of ecosystems and services in border areas, and identified their current status
and sustainability. The main findings were: (1) ecological assets and ecosystem services in border areas
could be compared through ecosystem health assessment; (2) it can be used to set priorities for
management and conservation by identifying the relative importance and vulnerability of ecosystems
and ecosystem services in each border area; and (3) the index presented in this study can be judged
to have explanatory power for the characteristics of border areas and ecosystem health when compared
to previous studies. Limitations of this study include the lack of literature and statistical data at the
local government level and the resulting limited application of evaluation methods, which limited direct
regional comparisons. To overcome the research limitations, further studies are needed, such as
establishing ecological information in border areas, mapping and assessment of ecosystem services, and

developing and applying assessments that reflect the opinions and participation of various stakeholders.
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This study was the first attempt to assess the health of ecosystems and ecosystem services in border

areas and provided an important baseline for future changes in border areas. In the future, it will be

helpful in national and local government policies and ecological assetecosystem management by

supplementing insufficient information and presenting clear goals.
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Figure 1. DMZ Ecosystem Health Index(DEHI) Basic Conceptual Framework
*reference: Ocean Health Index Methology overview; https://oceanhealthindex.org/)
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Figure 2. The Procedure for assessing border area ecosystem health index
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Figure 3. Land cover map of the border area in the late 2010s
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Table 1. Results of DMZ border area ecosystem service DEHI by goal

. . Paju Yeoncheon Cheorwon Hwacheon Yanggu Inje Goscong
Adenda Indicators(unit)
Open | Close | Open | Close | Open | Close | Open | Close | Open | Close | Open | Close | Open | Close
Crop production(10° ton) | 764 | 732 | 455 | 292 | 849 | 892 | 31| 241 | 269 | 40 | 30 | 358 | B4 | BI
Crop production g0\ g | g7 | 51|13 | q04 | 22 | 19 [ 29 | 30| 30 | 20 | 42 | 37
area(10” ha)
Eco-friendly agriculture
o0 ) | | 3|08 | M| 23|12 |47l 18 | 05 20 | 20 | 08 | 09
" Eeodtiadly | 3390 | 4390 | 280 | 3010 | 3760 | 2030 | 5310 | 220 | 4100 | 7m0 | 2020 | 1670 | 680 | 80
Foo Agriculture area(ha)
. Number of 22070 | 1953.1| 44963 | 49591 22186 20030 | 8734 | 9516 | 3376 | 790 | 2406 | 1206 | 1097 | 737
livestock(10” Head)
Fish catches of fishery 70 | 70 | 600 | 270 | 100 | 1100 4804 | 6215
products(ton)
Production of Forestry
Poducton 3157 | 4474 {1022 | 1202 | 136 | 175 | 3870 | 4883 | 258.1 | 1345 | 5504 | 10841 | 4831 | 1003

Raw materials|  Timber(10° ) TU[ ST | 170 | 103 | 39 | 38 | 48 | 91 | 13 | 34 | 93 [ 30| 50 | 130

Water quanty| Water somge(10° 1) | 1925 | 1620 | 2276 | 2180 | 3019 | 3020 | B3 | 916 | 1647 | 1612 | 800 | T84 | 1684 | 1638

(Inkand water)| Fregh waer use(10° 1) | 464 | $35 | 85 | 89 | 62 | 61 | 1662 | 2664 | 31 | 35 [45404 /5189235206 ]42968

Water quality Water quality

(ilnd vate)|  esutonon) 6 | 649 | 02 | 688 | 936 | 892 | 182 | 175 | 400 | 382 | 110 | 153 | 350 | 332

Climate Forest area(lt) | 3068 | 3035 | 4116 | 4094 | 5990 | 5980 | 7686 | 7670 | 5304 | 425 | 14722 | 14710 5494 | 5472
change | Cabon storage(10° (C) | 11825 | 13555 | 22777 32338 | 44883 | 6008.1 | 15913 | 20439 | 1875.7| 28265 | 18545 | 19775 | 22060 | 25776

Beooursm | Nmber of ecoloutsm |y, sers| 3306 | 1367 | 38 | 2761 | 276 1002 | 02 | 4628 | 2697 | 571 | 381
visitors(10” people)

Feological Number of ecological

o educaion paicipnis | 22| 04 | 18 | 24 | 30 | 41 158 | 564 29 | 56
education
(10° people)

Biodiversity N“mlzzlge‘gfege““ 18070 [ 18390 | 1807.0| 24240 | 15130 2,0900 | 15130 | 20000 | 1,450 | 14210 17450 | 14210 | 1,745.0 | 14150
n 7L 7k /\13]:]111_?_. A5l o] X
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Table 2. Results of weighting for each pressure factor

Category Weight Indicators Weight Total Weight
Population change 0226 0.104
rate
Population density 0.189 0.087
Population, 0.459 Urban area ratio 0.219 0.100
Development ' Gross Regional
. 0.199 0.091
Domestic Product
Energy 0.167 0.076
consumption
Waste generation 0.596 0.124
Pollution 0.208 Reglsteréd motor 0,404 0.084
vehicles
Forest damage area 0.565 0.102
Damage 0.180 Forest fires area 0.435 0.078
Amount of
Damage caused by 0.700 0.107
Climate change 0.153 wind and floods
Greenhouse gas 0.300 0.046
emissions
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Table 3. Result of pressure factor scoring by DMZ border area
Indicators Paju Yeoncheon | Cheorwon | Hwacheon | Yanggu Inje Goseong
Population change rate | 0.039 0.006 0.001 0.011 0.010 0.008 0.000
Population density 0.034 0.002 0.002 0.000 0.001 0.000 0.001
Urban area ratio 0.050 0.010 0.006 0.002 0.003 0.000 0.008
Gross Regional 0.061 0.003 0.005 0.002 0000 | 0003 | 0001
Domestic Product
Energy consumption 0.076 0.006 0.004 0.001 0.000 0.004 0.002
Waste generation 0.064 0.023 0.065 0.124 0.092 0.054 0.063
Registered motor 0.082 0.007 0.005 0.000 0000 | 0003 | 0001
vehicles
Forest damage area 0.090 0.102 0.000 0.033 0.015 0.013 0.050
Forest fires area 0.003 0.000 0.008 0.000 0.000 0.000 0.078
Amount of Damage
caused by wind and 0.002 0.053 0.107 0.000 0.015 0.035 0.020
floods
Greenhouse gas
.. 0.046 0.002 0.002 0.000 0.000 0.000 0.000
emissions
Total 0.547 0.215 0.203 0.173 0.136 0.120 0.224
Table 4. Resilience Factor Score
Categor Paju, Cheorwon Hwacheon Yanggu Inje Goseon,
gory Yeoncheon &8 ! &
Nature restoration and 0250 0.125 0250 0250 | 0250 | 0.125
conservation activities
Reward mechanism 0.125 0.250 0.250 0.250 0.250 0.125
Engagement and Partnership 0.250 0.250 0.250 0.250 0.250 0.250
International North-South
nternational and North-Sou 0.250 0.250 0.250 0000 | 0000 | 0.000
cooperation
Total 0.875 0.875 1.000 0.750 0.750 0.500
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Table 5. Score results for each goal by DMZ border area.

Agenda Paju  |Yeoncheon| Cheorwon | Hwacheon| Yanggu Inje Goseong

Xi 71.1 66.3 55.0 51.8 45.8 61.0 63.7

Food* Xi,f 713 774 59.9 62.0 54.6 73.2 672
DEHIi 742 71.9 575 56.9 50.2 67.1 65.5

Xi 80.2 60.8 96.9 69.0 594 82.8 62.6

Raw materials Xi,f 83.3 67.9 100.0 95.7 80.2 100.0 84.0
DEHIi 81.8 64.4 98.5 82.4 67.9 91.4 733

Xi 88.9 90.2 96.0 99.1 97.5 99.0 98.6

Water quantity* Xi,f 100.0 100.0 100.0 100.0 100.0 100.0 100.0
DEHIi 92.7 95.1 98.0 99.6 98.8 99.5 99.3

Xi 90.7 98.0 95.3 96.5 95.7 89.3 95.5

Water quality Xi,f 100.0 100.0 100.0 100.0 100.0 100.0 100.0
DEHIi 95.4 99.0 97.7 98.2 97.9 94.6 97.7

Xi 97.3 99.3 99.7 99.8 89.8 99.9 99.6

Climate change* Xif 100.0 100.0 100.0 100.0 96.7 100.0 100.0
DEHIi 98.7 99.6 99.9 99.9 93.3 100.0 99.8

Xi 22.8 423 10.0 - 0.2 51.5 66.7

Ecotourism Xif 20.6 46.0 9.3 - 0.1 58.5 68.4
DEHIi 21.7 442 9.7 - 0.2 55.0 67.5

Xi 20.2 - 100.0 - 100.0 - 87.5

Ecological education | Xi,f 14.9 - 100.0 - 100.0 - 100.0
DEHIi 17.5 - 100.0 - 100.0 - 93.8

Xi 100.0 100.0 100.0 100.0 81.4 81.4 81.1

Biodiversity Xif 100.0 100.0 100.0 100.0 95.2 95.6 84.8
DEHIi 100.0 100.0 100.0 100.0 88.3 88.5 829

* The score for Food, water quantity, climate change goals is calculated as the average for each measurement
indicator.
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Figure 4. DMZ Ecosystem Health Index(DEHIi) results; a) Paju, b) Yeoncheon, ¢) Cheorwon, d) Hwacheon, )

Yanggu, f) Inje, g) Goseong
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Appendix 1. Select measurement indicators for each DEHI goal and Indicators

Agenda Definition Ecosy.stem Indicators(unit) R
services references
Crop production(ton)
Crop production area(ha)
Eco-friendly Agricultural
products(ton)
Sustainable production of crops, L Eco-friendly Agricultural
. Provisioning
Food livestock, forestry products, and services area(ha)
marine products, etc. Number of livestock(Head) . b
- Statiscal year book
Fish catches of fishery (2010-2019)
products(ton)z)
Production of Forestry
Products(kg)
Raw materials Sustainable Taw material Prowsl'omng Timber’(m)
production services
Provisioni s
Securing water supply for zz;\slli(c)z;ng Fresh water use(I)
Water quantity sustainable use of water ; )
ESOUTCES Supporting Water storage(T") InVEST water yield
services g (1999, 2021)
Maintenance of purified water . . InVEST NDR(Nutrient
. . Regulating Water quality . . )
Water quality quality through ecosystem services regulation(ton) Delivery Ratio)
self-regulation g (1999, 2021)
- - )
Supp(?rtmg Forest area(ha) Statiscal year book
Reduction of greenhouse gases Serviees (2010-2019)
u u
. grecuionse & IPCC GL LULUCF, Lee
Climate change |through forests and soil in DMZ . 6
Regulating et al., 2016”; Korea Forest
border areas . Cabon storage (tC) . 7
services Service news
(2009, 2021)
Tourism knowledge &
Providing leisure and tourism . inf ion sysier ies on
. 2. L . Number of ecotourism visitors to major tourist
Ecotourism opportunities within the scope | Cultural services visitors(people) Natural and ecolocical
of not damaging the ecosystem peop Spots . o8l
environment)
(2017-2021)
. . Survey of participants by
Education to understand the Number of ecological . .
. . . . . . .. ecological education
Ecological education |relationship between nature and| Cultural services| education participants facility
humans (people) (2019-2021)
P . . . Ministry of Environment &
Biodiversty | Diodersty consenvarion and | - Supporing | Number of speies | pa it of
g P Ecology(2016; 2021%)

1) Hwacheon uses data from 2013-2018.
2) Fishery production only applies to Cheorwon, Hwacheon, Yanggu, Goseong.

3) Due to changes in the survey method, only statistical data compiled in regional statistical data were used due to the absence
of city, county, and district data after 2014.
4) Freshwater storage and water quality regulation analysis for areas within 2 to 10 kilometers from the DMZ border in border proximity regions.
5) Application of forest biomass storage calculation method of Intergovernmental Panel on Climate Guidelines(IPCC GL);
Stock-Different method(IPCC. 2006. 2006 IPCC Guidelines for national greenhouse gas inventory. IPCC/IGES, Hayama, Japan).
6) Lee CH., Kwak SY., Kim CK., Bae HJ., Suh YW., Ahn SE., Kang WM., Kim JE., and Shin JW. 2016. An integrated approach
to environmental valuation. Korea Environment Institute. (in Korean with English summary)
7) Resource: Korea Forest Service news. Increased reliability of greenhouse gas statistics in the domestic forestry sector(2015.10.22.)
8) Existing regional data surveyed since 2012 were arbitrarily divided into DMZ border areas.

- Ref. 1. Ministry of Environmental & National Institute of Ecology. 2016. Comprehensive report on biodiversity in the DMZ
area. (in Korean with English summary)

- Ref. 2. Ministry of Environmental & National Institute of Ecology. 2021. Comprehensive report on ecosystem survey Korean
Demilitarized Zone(DMZ) and its surrounding areas. (in Korean with English summary)
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Appendix 2. Reference materials for each pressure indicators
Pressure Indicators (unit) Reference materials Year
Population change rate(%) - Gyeonggi, Gangwon statistical yearbook 2010-2020
Population density(k/person) - Population by Si and Gun 2020
Utban area ratio(%) - Gyeonggi, Gangwon statistical yearbook 2020
- Area of land category
Population G . -
> . . - Gyeonggi, Gangwon statistical yearbook
Development Regional ¢ 1(10° en) - Gross Regional Domestic Product 2020
Ministry of Trade, Industry and Energy & Korea
. E E ics Institute-E ly and
Energy consumption(10® toe) nerey cor}or.mcs HSHiufe-Energy supply an 2020
demand statistics
- Final energy consumption
- Ministry of Environmental & Korea Environment
Corporation-National ~ waste ~ generation — and
Waste generation(kg/Person) processing status 2020
Pollution - Status of household waste generation and
processing
. . - Statiscal year book .
Registered mot hicll h 2020
egistered motor vehicles(each) - Registered Motor Vehicles
- Statiscal year book «
Forest damage area(ha) - Uncontrolled Forest Damages by Cause 2020
Damage Statiseal ook
+ Statiscal year bool «
Forest fi h: . 2020
orest fires area(ha) - Status of Forest Fire Outbreaks by Cause)
- Statiscal year book .
Amount of 10° 2020
mount of damage(10™ won) - Storm and Flood Damage
Climate change - Greenhouse Gas Inventory & Research Center of
Greenhouse gas emissions(Gg CO»eq.) Korea
*Hwacheon uses data from 2018

- Local greenhouse gas emissions

2020
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Appendix 3. Resilience factor scoring system
Resilience Score

* Mountainous and protected area management project

Nature - Forest and river restoration projects . -
. . . - 1: Exceeding 2% of total organization amount
restoration - Afforestation and forestry business :
. . - 0.5: Exceeding 0%, but less than 2% of the total
and - Forestry, wild animals and plants, water system survey L
conservation and monitoring project composition amount
s . g pro) L . -+ 0: Absence of related budget
activities - Invasive species eradication project
- Waste disposal and management business
- Compensation and activity cost Support - 1: Exceeding 0.5% of total organization amount
Reward p. e y. PP . . - 0.5: More than 0%, less than 0.5% of the total
. - Eco-friendly certification village promotion project ..
mechanism - Local residents support profect composition amount
Pport proj - 0: Absence of related budget
. o . . - 1: Exceeding 20% of total budget
E t | - Ecol 1 trail installat d t t .
ngagemen 0 oglsa rar msia a'1 on and management project | o 5. Exceeding 0%, but less than 20% of the total
and - Ecotourism related business composition amount
Partnership Environmental education and capacity building project | 0: Absence of related budget
International
and - Project to build an inter-Korean and international - 1: Existence of corresponding budget
North-South environmental cooperation network -+ 0: Absence of related budget
cooperation

* Ministry of Environment. 2016. Operation of the 2016 DMZ ecological forum: DMZ unification feasibility assessment and
utilization plan. (in Korean) p.86 reconstruction



