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Abstract

This study was conducted to select indicators for assessing national biodiversity. For this purpose,
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140 biodiversity-related indicators were identified as a result of inventorying biodiversity-related indicators
used in Korea and abroad, and when these indicators were applied to the pressure, status, and response indicator
system, it was found that status indicators accounted for the largest number of indicators, with 29 pressure,
59 status, and 44 response. We also categorized the status indicators into genes, species, habitat, function,
and quality, and found that species and habitat indicators accounted for the majority. Pressure indicators were
categorized into direct exploitation, pollution, alien species, climate change, and habitat change. As a result, it
was found that direct exploitation and pollution accounted for most of the pressure indicators. In addition, this
study used internationally used indicator selection criteria to establish criteria for selecting domestic biodiversity
assessment indicators. Using this list of indicators and indicator selection criteria, we evaluated the prioritization
of domestically applicable biodiversity indicators through relevant expert consultations. 1) Vegetation class, 2)
Land cover indicators, and 3) Change of protected area ranked highly. In fact, these indicators have been used in
many studies due to the availability of assessable data. However, most of the highly scored indicators are based
on ecosystem area, and further consideration of ecosystem functions and components (species) is needed.
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1. MECIFME2k(CBD: Convention on Biological
Diversity)
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Table 1. List of headline indicators from target 1 to 23 for Kumming-Montreal Global Biodiversity Framework.

Goal/target Indicator name

Goal A Red List of Ecosystems

Goal A Extent of natural ecosystems

Goal A Red List Index

Goal A The proportion of populations within species with an effective population size > 500

Goal B Services provided by ecosystems

Goal C Indicator on monetary benefits received

Goal C Indicator on non-monetary benefits

Goal D International public funding, including official development assistance (ODA) for conservation and sustainable use of

biodiversity and ecosystems

Goal D Domestic public funding on conservation and sustainable use of biodiversity and ecosystems

Goal D Private funding (domestic and international) on conservation and sustainable use of biodiversity and ecosystems

Target 1 Red List of Ecosystems

Target 1 Extent of natural ecosystems

Target 1 Percent of land and seas covered by biodiversity-inclusive spatial plans

Target 2 Area under restoration

Target 3 Coverage of protected areas and OECMS

Target 4 Red List index

Target 4 The proportion of populations within species with a genetically effective population size > 500

Target 5 Proportion of fish stocks within biologically sustainable levels

Target 6 Rate of invasive alien species establishment

Target 7 Index of coastal eutrophication potential

Target 7 Pesticide environment concentration

Target 8 In development

Target 9 Benefits from the sustainable use of wild species

Target 9 Percentage of the population in traditional employment

Target 10 Proportion of agricultural area under productive and sustainable agriculture

Target 10 Progress towards sustainable forest management

Target 11 Services provided by ecosystems

Target 12 Average share of the built-up area of cities that is green/blue space for public use for all

Target 13 Indicator on monetary benefits received

Target 13 Indicator on non-monetary benefits

Target 14 In development

Target 15 Number of companies reporting on disclosures of risks, dependencies and impacts on biodiversity

Target 16 In development

Target 17 In development

Target 18 Positive incentives in place to promote biodiversity conservation and sustainable use

Target 18 Value of subsidies and other incentives harmful to biodiversity, that have been eliminated, phased out or reformed

Target 19 International public funding, including official development assistance (ODA) for conservation and sustainable use of

biodiversity and ecosystems

Target 19 Domestic public funding on conservation and sustainable use of biodiversity and ecosystems

Target 19 Private funding (domestic and international) on conservation and sustainable use of biodiversity and ecosystems

Target 20 In development

Target 21 Indicator on biodiversity information for monitoring the global biodiversity framework

Target 22 In development

Target 23 In development
A Al 9 glo]g A4 (Knowledge and Data Task Force)©] Hog zgd 4 YA st IPBESO|A AlFgt A=
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Table 2. List of core indicators provided IPBES.
Aichi target Indicators
7 Area of forest production under FSC and PEFC certification
Biodiversity Habitat Index
12 Biodiversity Intactness Index
4 Ecological Footprint
6 Estimated fisheries catch and fishing effort
5 Forest area as a percentage of total land area
4 Human appropriation of fresh water (water footprint)
6,14 Inland fishery production
6 Marine Trophic Index
7 Nitrogen + Phosphate Fertilizers (N +P205 total nutrients)
7 Nitrogen Use Efficiency
17 Number of countries with developed or revised NBSAPs
11 Percentage of areas covered by protected areas - marine, coastal, terrestrial, inland water
4 Percentage of Category 1 nations in CITES
14 Percentage of undernourished people
6 Proportion of fish stocks within biologically sustainable levels
19 Proportion of known species assessed through the IUCN Red List
13 Proportion of local breeds, classified as being at risk, not-at-risk or unknown level of risk of extinction
11 Protected area coverage by Key Biodiversity Areas (including Important Bird and Biodiversity Areas, Alliance for Zero
Extinction sites)
11 Protected area management effectiveness
11 Protected Area Connectedness Index
12 Red List Index
5,12 Species Habitat Index
11 Species Protection Index
19 Species Status Information Index
57,14 Total wood removals

Trends in fisheries certified by the Marine Stewardship Council

Trends in nitrogen deposition

6

5 Trends in forest extent (tree cover)
8

8 Trends in pesticide use
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Table 3. List of highlighted indicators provided IPBES.
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Aichi target

Indicators

7
14
6
6

5,12

15
6
18
19
4
20

14,15

14

Areas of agricultural land under conservation agriculture

Better Life Index

BioTime - Local Species Richness, Temporal Species Turnover, Overall Abundance

Coverage of fisheries with management measures to reduce bycatch and discards

Global climate risk Index

Global Ecosystem Restoration Index

Global effort in bottom trawling

Global Index of Linguistic Diversity and language threat level

Growth in species occurrence records accessible through GBIF

Human appropriation of net primary productivity

Information provided through the financial reporting framework, adopted by decision XI1/3
Land under cereal production (ha)

Living Planet Index

Mean length of fish size

Mean Species Abundance (GLOBIO3)

Nitrogen Use Balance

Non declining exploited species

Number and coverage of stocks with adaptive management systems / plans

Number of countries implementing natural resource accounts, excluding energy, within the System of
Environmental-Economic Accounting (SEEA)

Number of countries that have adopted legislative, administrative and policy frameworks to ensure fair and
equitable sharing of benefits

Number of countries with national instruments on biodiversity relevant tradable permit schemes
Number of countries with national instruments on biodiversity-relevant taxes, charges and fees
Number of countries with national instruments on REDD plus schemes

Number of species extinctions

Number of world natural heritage sites per country per year

Percentage of population using safely managed drinking water services

Policies make adequate provisions to minimize impacts of fisheries on threatened species.

Policies to secure that mortalities and significant indirect adverse impacts on non-target species are accounted for

are in place

Presence of regulations requiring recovery of depleted species

Proportion of agricultural area under productive and sustainable agriculture
Proportion of predatory fish

Protected area coverage of terrestrial, marine and freshwater ecoregions
Protected Area Representativeness Index

RAMSAR areas

Species represented in the barcode of life data system

The Wildlife Picture Index (disaggregated by protected area)

Trend in Carbon Intensity

Trends in invasive alien species vertebrate eradications

Trends in potentially harmful elements of government support to agriculture (produced support estimates)
Trends in potentially harmful elements of government support to fisheries
Trends in the numbers of invasive alien species introduction events
Wetland Extent Trend Index
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Table 4. Biodiversity indicators which used for arctic assessment
by CAFE.
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Table 5. Indicator lists which used for Global Wetland Outlook
(2018).

Category Indicator Category Indicator
Polar bears Accuracy of global wetland
Wild reindeer and caribou area data
Shorebirds - red knot Ratio between natural and

. Seabirds - murres (guillemots) Area artificial wetland area
Species Seabirds - common eiders Natural inland wetland area
©® Arctic char Coastal wetland area
Invasive species (human-induced) Artificial wetland area
The .AI‘CtIC S.pec.les T.rend Index Status Species Wetland-dependent species
Arctic genetic diversity and
. . Trend Water quality
Arctic sea-ice ecosystem
Greening of the Arctic Pollutants
Reproductive phenology in terrestrial
ecosystems Global water cycle —hydrological processes
Appearing and disappearing lakes in the Arctic . .
Ecos (}és)tems and their impacts on biodiversity Biogeochemical Carbon st?rage
Arctic peatlands processes Production
Effec.ts of degregsed freshwater ice cover Ecosystem Services
duration on biodiversity
Changing distribution of marine fish Physical regime change
Impacts of human activities on benthic habitat Drivers of Extraction from wetlands
- - change Pollutants and alien species
Reindeer herding .
; Habitat changes
Ecosystem Seabird harvest
services Changes in harvest Enhance the network
) Changes in protected areas Enhance wetland coverage in conservation areas

Linguistic diversity
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Integrate wetlands into planning
Supporting the Sustainable Development Goals
Strengthen legal and policy arrangements
No net loss
Implement Ramsar Guidance

Responses  Apply economic and financial incentives
Government investment
Sustainable production and consumption
Incorporate wise use and public participation
Integrate diverse perspectives into wetland
management
Update and improve national wetland inventories
Use of citizen science
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Table 6. List of candidate indicators for national assessment in
Korea.

Category Indicators

Ratio of ecosystem type
Average patch size of natural ecosystems
Vegetation class
Land cover indicators
Percentage of Environmental budget
Vulnerable species on climate change
Change of protected area
Natural inland wetland area
Status Artificial wetland area
Wetland coverage in conservation areas
Area of forest production
Percentage of forest area
Trend of vegetation coverage
Protected area coverage by Key Biodiversity Areas
Number of world natural heritage sites
Protected area coverage of terrestrial and freshwater
ecoregions

Climatic index

Percentage of illegally degraded forest
Percentage of area affected by wildfires
Percentage of area damaged by wind and flood
Vegetation clear cutting

Pressure

Trend of introduced invasive alien species
Pollutants

M Direct exploitation ®Pollution
M Invasive species m Climate change

Habitat change etc

14%

(c)

Fig. 1. Categorized results of indicators from previous studies. (a) Categories of indicator frame work (Pressure-Status-Response), (b) Cat-
egories in status indicators (habitat, species, function, quality, and genetic) and (c) Categories in drivers (direct exploitation, pollution, inva-

sive species, climate change and habitat change).
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Table 7. Criteria for selection of indicators for national assessment
in Korea.

g
Criteria 5
1 Spatial representativeness :
2 Spatial explicitness
3 Taxonomic representativeness
4 Comparability between regions g
5 Regular and recent updating ;%_%_::
6 Scientific rigor 23
7 Transparency and data availability @
8 Sensitivity i
9 Timing of Indicator availability 2
10 Digital accessibility of Indicator =
11 Institutional support T
12 Easily understandable .
13 Clearly defined and standardized us
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Fig. 2. Questionnaires with expert surveys.
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Table 8. Score of each indicator for selection criteria derived from expert survey.

Spatial Spatial Taxonomic Comparability Regularand  Scientific Transparency
represen- .. represen- between . . and data
tativeness explicitness . iveness regions recent updating - rigor availability

Ratio of ecosystem type 36 29 18 36 25 31 31
Average patch size of natural ecosystems 25 23 14 32 25 28 27
Vegetation class 34 33 25 38 34 35 34
Land cover indicators 31 38 17 38 33 38 36
Percentage of Environmental budget 9 10 2 24 27 15 28
Vulnerable species on climate change 21 19 30 30 23 25 21
Change of protected area 32 35 20 34 34 28 32
Natural inland wetland area 36 31 17 33 29 29 32
Artificial wetland area 25 29 11 32 24 26 27
Wetland coverage in conservation areas 27 27 17 30 25 23 23
Area of forest production 25 26 9 32 30 23 26
Percentage of forest area 32 32 17 35 32 31 30
Trend of vegetation coverage 19 18 12 25 20 23 22
Protected area coverage by Key Biodiversity Areas 26 25 22 29 26 30 27
Number of world natural heritage sites 18 25 11 25 33 26 31
Prasod s courgeof s S
Climatic index 25 16 11 30 25 28 28
Vegetation clear cutting 17 27 9 31 24 23 22
Percentage of illegally degraded forest 23 26 12 27 23 22 22
Percentage of area affected by wildfires 28 35 16 35 30 32 31
Pollutants 19 11 11 27 26 27 24
Trend of introduced invasive alien species 18 12 24 25 24 27 21
Percentage of area damaged by wind and flood 20 30 9 30 26 27 24
e ”l."lm'mg of Dlg.ltél. Institutional Easily Clearly defined
Sensitivity indicator  accessibility .
R L support understandable  and standardised
availability  of indicator

Ratio of ecosystem type 16 20 31 27 29 27
Average patch size of natural ecosystems 14 19 32 23 28 22
Vegetation class 21 28 34 30 36 37
Land cover indicators 22 26 33 33 36 35
Percentage of Environmental budget 11 19 24 27 23 24
Vulnerable species on climate change 25 17 26 23 32 28
Change of protected area 21 20 33 32 33 35
Natural inland wetland area 19 21 30 26 35 31
Artificial wetland area 10 23 28 24 30 29
Wetland coverage in conservation areas 22 15 26 23 27 29
Area of forest production 12 17 27 25 27 24
Percentage of forest area 19 24 33 33 36 32
Trend of vegetation coverage 16 12 24 20 26 22
Protected area coverage by Key Biodiversity Areas 19 17 26 23 24 28
Number of world natural heritage sites 8 20 32 34 28 29
Protected area coxferage of terrestrial and 18 17 30 31 31 30
freshwater ecoregions

Climatic index 21 19 28 25 27 27
Vegetation clear cutting 16 19 25 25 23 25
Percentage of illegally degraded forest 17 15 24 23 31 27
Percentage of area affected by wildfires 24 23 34 32 34 33
Pollutants 23 16 27 21 25 20
Trend of introduced invasive alien species 21 16 26 17 26 25

Percentage of area damaged by wind and flood 16 19 31 31 33 30
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Table 9. Highest and lowest scoring criteria.

Highest

Lowest

Ratio of ecosystem type
Average patch size of natural ecosystems

Vegetation class
Land cover indicators

Percentage of environmental budget
Vulnerable species on climate change
Change of protected area

Natural inland wetland area

Artificial wetland area

Wetland coverage in conservation areas
Area of forest production

Percentage of forest area

Trend of vegetation coverage

Protected area coverage by

Key Biodiversity Areas

Number of world natural heritage sites
Protected area coverage of terrestrial and
freshwater ecoregions

Climatic index

Vegetation clear cutting

Percentage of illegally degraded forest
Percentage of area affected by wildfires
Pollutants

Trend of introduced invasive alien species

Percentage of area damaged by wind and flood

Spatial representativeness (92.31)
Comparability between regions (92.31)
Comparability between regions (82.05)
Digital accessibility of Indicator (82.05)
Comparability between regions (97.44)
Comparability between regions (97.44)
Spatial explicitness (97.44)

Scientific rigor (97.44)

Transparency and data availability (71.79)
Easily understandable (82.05)

Spatial explicitness (89.74)

Clearly defined and standardized (89.74)
Spatial representativeness (92.31)
Comparability between regions (82.05)
Comparability between regions (76.92)
Comparability between regions (82.05)
Easily understandable (92.31)

Easily understandable (66.67)

Scientific rigor (76.92)

Institutional support (89.47)
Comparability between regions (87.18)

Comparability between regions (76.92)
Comparability between regions (79.49)
Easily understandable (79.49)

Spatial explicitness (89.74)
Comparability between regions (69.23)
Scientific rigor (69.23)

Digital accessibility of indicator (69.23)
Scientific rigor (69.23)

Easily understandable (84.62)

Sensitivity (42.11)
Sensitivity (36.84)

Sensitivity (55.26)
Taxonomic representativeness (45.95)

Taxonomic representativeness (5.41)
Timing of Indicator availability (47.22)
Taxonomic representativeness (54.05)

Taxonomic representativeness (45.95)
Sensitivity (26.32)

Timing of indicator availability (41.67)
Taxonomic representativeness (24.32)
Taxonomic representativeness (45.95)
Taxonomic representativeness (32.43)
Timing of Indicator availability (47.22)

Sensitivity (21.05)
Timing of Indicator availability (47.22)

Taxonomic representativeness (29.73)
Taxonomic representativeness (24.32)
Taxonomic representativeness (32.43)
Taxonomic representativeness (43.24)
Spatial explicitness (28.21)

Spatial explicitness (30.77)
Taxonomic representativeness (24.32)
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Table 10. Indicator prioritization results.

Ranking Indicators Score
1 Vegetation class 86.9
1 Land cover indicators 86.9
3 Change of protected area 82.3
4 Percentage of forest area 81.5
4 Percentage of area affected by wildfires 81.5
6  Natural inland wetland area 76.9
7  Protected area coverage of terrestrial and 76.2

freshwater ecoregions
8  Ratio of ecosystem type 75.4
9  Vulnerable species on climate change 70.0
9  Percentage of area damaged by wind and flood  70.0
11  Artificial wetland area 68.5

11 Protected area coverage by Key Biodiversity Areas 68.5

11 Number of world natural heritage sites 68.5
14 Average patch size of natural ecosystems 67.7
15  Climatic index 66.9
16 Wetland coverage in conservation areas 66.2
17 Area of forest production 64.6
18  Percentage of illegally degraded forest 63.1
19 Vegetation clear cutting 61.5
19 Trend of introduced invasive alien species 61.5
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