International Journal of Environmental Science and Development, Vol. 8, No. 12, December 2017

Assessment of Economic Value of Ecosystem Service by
Using INVEST Model in South Korea

Choi Ji Young and Lee Sang Don

Abstract—This study aims to estimate the economic value of
natural assets through carbon fixation estimation of ecosystem
services in Korea. Based on INVEST model, this study evaluated
the amount of carbon fixation and economic values of carbon
fixation in Korea for a period spanning 1980-2000.

As a result, Economic values assessed by applying carbon
transaction prices and Korea’s carbon trade discount. Between
1980 and 1990, the economic value of the ecosystem service lost
in Korea was 268,380,000 dollars and the decrease of the
amount of carbon fixation by 25,770,000 tons between 1990 and
2000 corresponded to the economic loss of 268,380,000 dollars.

Therefore, this research should be utilized in the process of
the national development policies for the sustainable
development and biodiversity maintenance. Also, It can be
regarded as the support to make a development decision of
policies through quantification the assessment results and
estimation the economic values of ecosystems.

Index Terms—Biodiversity, ecosystem services, INVEST

model, economic value assessment.

. INTRODUCTION

The Convention on Biological Diversity came into effect
in 1998 for the conservation of biodiversity, the sustainable
use of its components, and the fair and equitable sharing of
benefits arising from genetic resources [1]. Since biodiversity,
providing not only immediately usable natural resources but
also ecosystem service, is the basic element of ecosystems [2],
[3], itis considered as a critical factor when national and local
development policies are established in many countries
[4]-[7].

Accordingly, studies have been conducted on the method
of assessing the values of ecosystem service provided by
ecosystems. Although uncertainty is high in an ecosystem
because the long-term effects in an ecosystem are difficult to
predict, ecological economics has come to the fore as a
method of quantitatively assessing the values of ecosystems
to establish objective policies for sustainable use of
irreplaceable natural resources [8]-[10].

With regard to the international trend of the ecosystem
service study, the Intergovernmental Panel on Climate
Change (IPCC) requires time-series analysis data of carbon
storage depending on the change of the land use, and
mentions a carbon estimation method that is spatially specific
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[11]. Some countries in the world perform economic
assessment of carbon fixation as an ecosystem service and
apply the data obtained from the quantification of ecosystem
service to policy-making. With regard to the study of
ecosystem service in Korea, qualitative assessment is
performed about the quality of habitats in particular regions
under development [12], [13]. The ecosystem service study
in Korea was started lately in comparison with other
countries [14]-[17].

The present study was conducted according to the need for
quantitative assessment of ecosystem services to estimate the
economic values of ecosystems by using the INVEST model
and to provide fundamental data for the policy-making
process about Korea's territory for the conservation of
biodiversity in Korea.

Il. MATERIALS AND METHODS

A. Scope of Study

The spatial range is South Korea (Fig. 1). From 1970 to
1980, Korea had the policy management of the national
territory, focusing on economic growth and efficiency for
economic growth. This resulted in damage to the ecological
system and landscape [4]. It also led to the decline of the
ecosystem, biodiversity and the deterioration of the quality of
life.

It is continuously mentioned on the need for environmental
preservation, and the Ministry of Environment is
implementing a policy of sustainable development [12]. And
In order to recognize the threat of biodiversity, this study site
was chosen as Korea choose because there is currently lack
of quantitative evaluation of the degraded ecosystem in
Korea. The time range is 1980-2000year in order to
determine the economic value changes.

B. Research Methods

INVEST model is developed by Standford University
jointed National Capital Project and WWF to identify
between the natural assets of ecosystem and the economic
relations. Based on result of ecosystem services assessment,
policy-makers and stakeholders should set environmental
management goals and create scenario in order to achieve the
goals [18], [19].

The InVEST Version 3.3.3 Carbon model can present
future changes as well as current values and analyze the
changes and trends of ecosystem services based on a variety
of spatio-time data.

Therefore based on the 1980-2000 Land-use map and 4
coefficient of carbon pool, it was calculated estimation of
Carbon Fixation and assessment of economic values.
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Fig. 1. Study area.

C. InVEST Carbon Model

Raster data file set drawn from Land-use Map and Carbon
pool table to represent each of the land-use map classes are
required for modeling by using Arc GIS Map 10.5.

Also another input data is the table of carbon pools
(aboveground mass, belowground mass, soil, dead mass)
(Fig. 2). This value was compiled from evaluation of
published scientific literature on carbon storage to land-use
classes and was obtained through the IPCC
(Intergovernmental Panel on Climate Change) and [8].

And finally, the carbon prices applied to the analysis were
obtained from the 2012-2015 EEX (European Energy
Exchange) data which was adopted by the Kyoto protocol [8],
and the carbon discount rate was applied to Korea’s carbon
discount rate of 5% by manual of the Korea Automobile
Standard Association [11], [20].
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Fig. 2. INVEST carbon model [21].

I1l. RESULTS AND DISCUSSION

A. Estimation of Carbon Fixation in Respective Periods

The amount of carbon fixation was decreased over time.
Fig. 3 shows that the color was darkened due to the reduction
of carbon fixation. Table I and Fig. 4 show the amount of
carbon fixation in Korea for respective periods. The amount
of carbon fixation was decreased by 9,570,000 tons between
1980 and 1990. The carbon fixation was decreased more
drastically between 1990 and 2000 by 25,770,000 tons. The
total reduction of the carbon fixation between 1980 and 2000
was estimated to be 35,420,000 tons. Comparison of the data
with the ground coverage change pattern in the report
published by the Ministry of Environment in 2014 verified

the causes for the reduction of the carbon fixation. In the
period, the ratios of mountainous regions and grasslands,
having high fixation amount, were decreased in the period,
while the ratios of urban regions and development regions,
having low fixation amount, were increased.
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Fig. 3. Map of a mount of Carbon fixation by INVEST in Korea (a) In
1980year, (b) In 1990year and (c) In 2000year.
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TABLE I ESTIMATION OF CARBON STORAGE IN 1980-2000 YEAR

B. Assessment of Economic Values of Carbon Fixation in

Year 1980 1990 2000 Respective Periods
Amount of The amount of carbon fixation was estimated by using the
fcli:;‘;’:] 150415224858 153437560407 150822932673 INVEST carbon model to assess the economic values of
(Mg of C) carbon fixation. The carbon prices applied to the analysis
were obtained from the European Energy Exchange (EEX)
Mt of C data, and the minimum, average, and maximum prices were
- 34, 7.6,_ and 11.9 dollars, respecFiver. Table I_I ghows the
. -Lorrrss economic values as_ses§ed falccordlng t.o the variation of the
o o amount qf cqrbon fixation in each period. As the amount of
- ootk carbon fixation was decregsed by 9,570,000 tons betwe_en
o - 1980_ and 1990,_ the economic value of the ecosystem service
o ot lost in Korea in the period was .268.,380,000 dollars. The
o decrease of the amount of carbon fixation by 25,770,_000 tons
s between 1990 and 2QOO corresponded to thg economic loss of
71,050,000 dollars in the ecosystem service in Korea. The
! 2000, 1.50823 amount of the carbon fixation decrease during the two
1'5051975 1980 1985 1930 1995 2000 2005 decades from 1980 to 2000 (35,420,000 tons) was estimated
Fig. 4. A mount of Carbon fixation during 1980-2000. to the loss of 78,790,000 dollars in the ecosystem service
value.
TABLE Il: ESTIMATION OF ECONOMIC LOSS IN EACH YEAR
1980-1990 1990-2000 1980-2000
C price?
Change® Value estimation® Change Value estimation Change Value estimation
3.4 -2,64 7,11 -7,88
7.6 -957 -5,90 2,577 -158,82 -3,542 -176,12
11.9 -9,23 -248,67 -275,77

Unite: 1: $, 2: 1,000 tons, *: A million dollars

Despite the absence of a previous analytical study of
ecosystem service using the InVEST Carbon model in a
national scale, the reduction of the carbon fixation and the
ecosystem service from 1980 and 2000 was quantitatively
assessed and the economic loss was estimated to be
78,790,000 dollars. This indicated the ecosystem service may
be assessed in a national scale. Currently, the fundamental
data about Korea's ecosystem services are unavailable.
However, if the fundamental data about ecosystem services
in a national scale are used, more appropriate assessment may
be performed with respect to Korea as well as the regions for
biodiversity conservation. In addition, since a quantification
study on ecosystems is required, the present study provided a
possible ecosystem value quantification methodology for
each scenario. Fundamental data for policy-making
processes for national territory management may be provided
through the quantitative assessment of ecosystems, enabling
assessment of ecosystems and conversion of the ecosystem
services into economic value. Therefore, the methodology of
the present study may be used to motivate stakeholders and
policy-makers to conserve biodiversity and manage natural
resources when they have to make decisions between
development and conservation. When legal basis for
ecosystem service assessment is prepared in the future, the
assessment of ecosystem service may be applied to the
decision-making processes for policies and projects in the
stage of environmental impact assessment to accomplish
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sustainable development.

IV. CONCLUSION

This study showed the economic value of ecosystem
services in Korea. Using the InVEST model, this study
evaluated the amount of carbon fixation and economic values
of carbon fixation in Korea.

It presented the advantage of providing quantitative value
to decision makers relatively quickly and easily through
evaluation of ecosystem services based on land cover. Also,
this study showed a possible analysis of ecosystem service in
a national scale and methodology for each scenario using the
INVEST Carbon model.

Additionally, for advancing the accuracy of the model,
suitable input data in Korea is required. For the more accurate
results, after selecting a specific study area, it is needed to
obtain input data through the survey with the experts of the
area. Applying with the INVEST Carbon modeling based on a
Delphi method, it is assumed that carbon fixing assessment
and economic evaluation are available more accurately.

APPENDIX
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