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ABSTRACT

Provisioning service, which is one of the ecosystem service functions, means goods and services
such as food and fuel that people get from ecosystem. Provisioning functions are closely related to
the primary industry, a sector of economy. Excessive demand and use of human society can cause
trade-offs among regulation, cultural, and supporting services. Therefore, it is important to perform
evaluation ecosystem services periodically and to monitor the time series fluctuations to identify the
impact of provisioning services on other ecosystem services (trade-off) and to maintain sustainable

provisioning service. When it comes to the precise assessment of provisioning service, it is necessary
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to get the statistical data and standardize indicators and methods. In this study, indicators and methods,

which are applicable to the spatial level of national-local-protected areas, were derived through

literature analysis and expert survey. The result of this study implies that provisioning services

measurement by spatial level improve the efficiency of the establishment of environmental conservation

plans by whose purpose.

Key Words : Provisioning Service, Trade-off, Indicators, Sustainable ecosystem
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Case study
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Through case we
indicators with the high
representativeness and

measurability by spatial level.

Rural Develop istration(RDA) JBO2
Korea National Park Research Institute(KNPRI) CICES
National Institute of Forest Science(NFIFS) UK NEA
Korea Maritime Institute(KMI) MAES

| National Institute of Ecology(NIE) etc.

ete.

We prepared with provisioning service measurement indicators and

methodology by spatial level.(draft)

Taking advice from experts

Review the efficiency and suitability of measurement indicators and methods

[

Come up with provisioning service measurement.

J

Figure 1. Research flow for standardization of measuring provisioning service
(Revised in Joo et al., 2020).
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Table 1. Overview of assessment for ecosystem services by spatial level (Revised in Joo et al., 2020)

Division National Local Protected Area (Site)
Object + Establishment and evaluation | ¢ Establishment of local + Introduction of policies to
& of national environmental environmental policies and expand protected areas and
Practical policies for future predictions| evaluating residents benefits promote ES
use - National Biodiversity - local land spatial plan - A plan for designating and

Strategy & Action Plans - natural resources offset managing protected areas
(NBSAPs) system - Conservation of protected

- Natural environment
conservation plan

areas centered on local
residents

Scope + Spatial: National

+ Time series: 5~ 30yr

+ Spatial: Metropolitan cities, + Spatial: Wetland preservation

local governments area, Ecosystem and
+ Time series: 5~ 10yr landscape preservation area.
etc.

+ Time series: Less than 5 yr
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Table 2. Criteria for selecting indicators by spatial levels (Revised in Joo et al., 2020)

Division National Local Protected Area (Site)
Criteria + Representativeness such as | * Based on national ES + Based on national ES
overseas evaluation cases indicators indicators
+ Data availability and + Selection of indicators that |+ Selection of indicators that
reliability reflect the specificity of local| reflect the biodiversity, ES
+ Selection of measurable society, economy, culture, etc.| characteristics, and sensitivity
indicators through currently |+ Selection of measurable of site
published national statistical indicators and methods + Selection of measurable
data and major reports indicators and methods
+ Emboding short-term
measurable indicators through
field surveys
Common & + Local and site levels are divided into common and optional
optional indicators
indicator - Common indicators: The results of evaluation as measurable
indicators and common indicators in all regions and site are
comparable between regions
- Optional indicators: Indicators to be additionally selected if
necessary according to each local government and type of site
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Table 3. List of provisioning services indicators for ecosystem services assessment. Numbers indicate twenty-five
referred literature. the adopted indicators in the literature are shown as shade.

Indicator | Detailed indicators or methodologies | 123 [4|5[6[7]8[9]10[11]12]13|14]15[16{17|18|19|20]|21|22|23|24(25
Crop Production area, Yield
Livestock Number of livestock, A number of

breeding households
Fishing A catch of fish, an output
Aquaculture The area of the aquaculture, an
output

Hunting The area of hunting, an output
Timber Timber production
Fiber Fabric production
Fuel The sales volume of wood pellets
Fodder .
(fertlizer) Feed production
Water The amount of ground water
(freshwater) | supplied
Energy The amount of biomass produced
Ornament | The amount of transaction
Genetic The amount of transaction
resources
Medicine [ Related market size
1. Costanza et al.(1997) 8. Kandziora et al.(2013) 14. Grunewald et al.(2016) 20. Joo et al.(2017a)
2. MA(2005a) 9. SNEA(2013) 15. Mononen et al.(2016) 21. Bobylev et al.(2018)
3. de Groot.(2006) 10. B. de Knegt.(2014) 16. European Commission(2016) [22. Haines-Young &
4. TEEB(2010) 11. Maes et al.(2015) 17. Grunewald et al.(2017) Potschin(2018)
5. Harrison et al.(2010) 12. Maes et al.(2016) 18. Preston, SM.(2017) 23. TPBES(2019)
6. UK NEA(2011) 13. 1B02(2016) 19. La Notte et al.(2017) 24. Ahn et al.(2020)
7. Layke et al.(2012) 25. Mederly et al.(2020)
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Table 4. Draft list of indicators for domestic ecosystem services measurement for provisioning services (Revised

in Joo et al., 2020)

Level Draft
Class Indicators (unit)
Crop production (ton)
Food L.ive.stock produ.ction (ton)
Fishing production (ton)
National Aguaculture prc?duction (tor:)
Raw materials Timber production (1,000m’)
Production of medicinal crops and ginseng (ton)
Energy Renewable energy (toe)
Water (freshwater) Water resource usage (100 million m')
Crop production (ton/ha)
Livestock production (ton)
Food — -
Fishing production (ton)
Aquaculture production (ton)
Local _ Timber production (1,000m)
Raw materials - . -
Production of medicinal crops and ginseng (ton)
Energy Renewable energy (toe)
Water (freshwater) Water resource usage (100 million m’)
Specializing in local areas |Production of specialties (ton/ha)
Crop production (kg/ha)
Biomass (food) The amount of willd plants collected (kg) :
The amount of animals (the number of animals)
The amount of wild animals(fish & shellfish) caught and collected (k)
Crop production (kg/ha)
Biomass (material) The amount of wild plants collected (kg)
Protected The amount of animals (kg)
Area (Site) . Plant cultivation (land) production (kg)
Biomass (energy) The amount of animals (kg)
Genetic material Animals and plants (species)
Water (material) Household/agriculture/industrial/cooling water usage (m’)
Water (energy) Hydroelectric power (toe)
Non-aqueous natural abiotic  |Solar(heat) / Solar(light) / Wind / Geothermal power generation
ecosystem output (toe)
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Table 5. Final list of provisioning service indicators at each spatial level reflecting expert opinions (Revised in

Joo et al., 2020)

Level Class

Indicators (unit)

Food

National

Crop production (ton)

Production of forest products other than timber (kg)

Livestock production (ton)

Fishing production (ton)

Aquaculture production (ton)

Inland fishery production (ton)

Raw material

Timber production (m')

Production of medicinal crops and ginseng (ton)

Energy

Renewable energy (toe)

Water

Water resource production (m’)

Food

Local

Crop production (ton)

Production of forest products other than timber (kg)

Livestock production (ton)

*(C) Fishing production (ton)

(C) Aquaculture production (ton)

(C) Inland fishery production (ton)

Raw material

Timber production (m")

Production of medicinal crops and ginseng (ton)

Energy

Renewable energy (toe)

Water

Water resource production (m')

Specializing in local areas

(C) Production of specialties (ton)

Food

Crop production (kg)

Production of forest products other than timber (kg)

Livestock production (kg)

Production of aquatic animals (such as fish and shellfish) (kg)

Protected
Area (Site)
©

Raw material

Plant production using resources (kg)

Production of livestock products using resources (kg)

Production of medicinal herbs and medicinal plants (kg)

Energy

Renewable energy (toe)

Plant production using bioenergy (kg)

Production of livestock products using bioenergy (kg)

Water

Water resource production (m')

*(C) Choice indicators
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Appendix 1. Main opinions from expert written consultations

Level Main opinion
Draft [8]7 — 1% opinion — Correction [11] — 2™ opinion — Final [10]
» Major opinion
- Consider to standardize the indicators and methodology based on Korean Standard Industrial
Classification System
» Crop production
- Use the total amount of crop production
- Consider eco-friendly crops only
National |” Production of timber and medicinal plants
- Add the forestry production and make more subdivisions
- Use the net wood growth for the timber production rather than wood production varying with
demands
» Fishingfaquaculture production
- Consider the production both from freshwater and ocean
» Renewable energy production
- Consider the total renewable energy, adding such as solar and wind energy
- Consider the amount of supply other than production
Draft [9] — 1% opinion — Correction [11(1)] — 2" opinion — Final [7(4)]
» Major opinion
- Need to consider whether water resource usage or supply is appropriate as an indicator.
- Need to clarify the spatial scope and measurement unit of the region
Local | - Consider whether renewable energy is an ecosystem service
- Add the indicators reflecting regional specificity
» Production of local specialties
- May not be appropriate to use the production amount as the indicator since its value varies with
localities and product types
- Consider the possibility of duplicate calculation with other indicators
- Need to clarify the concept of local specialties
Draft [13] — 1% opinion — Correction [13] — 2™ opinion — Final [(11)]
» Major opinion
- Indicators that do not meet the purpose of designating protected areas should not be included.
- Need to distinguish whether it’s a positive or negative effect for each indicator
Protected | - Need to data verification steps when using the results of the field survey

Area (Site)

- Need to consider indicators for each type of protected area. Because protected areas have different
types, characteristics, designated purposes, and management.

- In protected areas, supporting services should be considered rather than provisioning services. This
is because production activities are restricted in protected areas.

- Consider add to marine-related indicators

“The number of indicators
(' ): Choice Indicators
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Appendix 2. Final list of provisioning services reflecting expert opinions (concept and methods)

Indicator Concept Methodology
Statistics Korea’s “Agricultural Product Production
N N .
L Survey” produces food crops, vegetables, fruits, and
special crops
Crop . The production of crops used as food P - P — - —
production If there is no statistical data, estimate by applying it
P to the cultivation area by referring to the production
amount per unit area of the same crop
N |The production amount of forest products used as food Korea Forest Service’s “Forest Products Production

Production of

Survey” produces tree fruit, wild greens, mushrooms,

forest producs L |resources other than timber (lumber) sap, and bamboo shoots
other than The amount of wild plants collected and permitted in .
timber P [forests, erasslands, and agricultural areas for the purpose The amount of forest product collected or permitted to
’ ’ be collected within the protected areas
of food
Ministry of Agriculture, Food and Rural Affairs, “Major
N The amount of meat produced from livestock raised agrlcult}lral, hvesto.ck and food statisics™ Meat
Livestock L production among livestock product supply and demand
production performance
P The amount of meat produced in protected areas through|Estimated through the status of livestock breeding
breeding for the purpose of supplying food permitted in the protected area
Fishing N |The production amount of fishery resources used as food|Statistics Korea’s “Fishing Production Trend Survey”
production L |resources through fishing general fishery production
Aquaculture N |The production amount of fishery resources used as food|Statistics Korea’s “Fishing Production Trend Survey”
production L |resources through aquaculture shallow-sea fishery production
Inland fishery| N The production amour'lt of ﬁ'sl}e'ry resources used o food Statistics Korea’s “Fishing Production Trend Survey”
. resources through fishing activities in fresh water (internal|. . .
production L inland fishery production
water)
Production of
& collected through inland fishing within the protected arcas
as fish and water)
shellfish)
Timber N [Wood used as a material for timber used in architecture |[Korea Forest Service’s “Forest Product Production
production L |and furniture for purposes other than fuel Survey”, the production of lumber
Plant . The amount of crop production or wild plant collection|If there is no statistical data, estimate by applying it
production .. o . .
usin P |(permission to collect) grown for the purpose of resource|to the cultivation area by referring to the production
& utilization such as fiber, ornamental, spice, and dye |amount per unit area of the same crop
resources
Production of . .
livestock T}.le. Productlon of livestock products ff)r the purpose of The production of livestock products used as resources
. P |utilizing resources such as leather, bristles, horns, and|.
products using in protected areas
beeswax
resources
Production of Ministry of Agriculture, Food and Rural Affairs, “Report
medicinal N |The production of plants that are used as medicines orfon the Production Performance of Special Crops”
crops and L |raw-materials for medicines medicinal crop production + “Major agricultural, livestock

ginseng

and food statistics” ginseng production
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Indicator

Concept

Methodology

Production of

?eiilsa:zll P The production of plants that are used as medicines or|The production of medicinal herbs and medicinal plants
.. raw-materials for medicines among the crop production in the protected areas
medicinal
plants
N Korea Energy Agency. “New and renewable energy
Renewable L |Energy used by converting renewable energy including supply statistics”, renewab.le energy(solar energy, foind
etiergy sunlight, water, geothermal heat, precipitation, biological[power, hydro power, marine energy, etc) production
P organisms, ec Electric energy production in the case of actual power
generation in the protected areas
Plant Supply and production of plants such as silver grass for
E;f;(liuctlon P Zshf;iif;)fucrt;zz) (zzgl};l O‘tfitl)):lr:r origin resources (such bioenergy (ethanol) production (Use of data on bioenergy
SN 5 & status established within the protected areas)
bioenergy
Production of . . .
. . . .. Supply and production of livestock manure for bioenergy
livestock . P The production (supply) of animal origin resources (such (methane gas) production (Use of data on biocnergy status
products using as excrement) used as bioenergy . o
. established within the protected areas)
bioenergy
Water The quantity taken from water sources such as rivers Mlmstl?f of Environment. “Water s.upply statistics”,
resource N and lakes to produce and supply tap water in metropolitan annual iniake water vohume by water infake source (sream
. L drift water, river drainage water, dam, groundwater, other
production or local water supply .
Teservoir)
Water . |The amount of water used for each purpose provided
resource P Water usage by type (annual fresh water supply capacity through the water body in the protected areas (check
. in the target area and actual water usage) . .
production with the water body management entity)
It is a special product specialized in the local environment,| Whether it is a representative specialty promoted on the
Production of L and the production volume of specific production and|official website of the local government and reflects the

specialties

processing industries that occupy a high share of national
production or contribute to the local economy

contents of interviews with local residents (mainly
agriculture, forestry, fisheries and livestock products)

*N(National), L(Local), P(Protected area)
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