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Abstract: This study aims to derive evaluation indicators and measurement items for estimating the
value of ecosystem services in rice fields. In this study, the Analytic Hierarchy Process was used, and
evaluation indicators were selected based on the content validity, quantitative measurability, and
double-counting in value assessment. Ecosystem services were categorized into four major groups:
provisioning service, regulatory service, cultural services, and supporting services, from which a total
of twelve evaluation indicators were derived. For provisioning services, two indicators were selected:
food production and useful raw materials production. Regulating services comprised five indicators:
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climate regulation, air purification, water purification, water storage, and disaster regulation. Cultural

services were represented by a single indicator-provision of sites for ecological education. Supporting

services included four indicators: primary production, habitat provision, biodiversity, and nutrient

cycling. It is expected that the evaluation indicators will be useful in assessing the ecosystem service

value of the rice fields.

Keywords: Rice Paddy Ecosystem, Ecosystem Service Value, Evaluation Indicator, AHP Survey
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Figure 1. Flowchart of the process for deriving evaluation indicators
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Table 1. Various functions of rice fields ecosystem derived from previous research

Source Various functions

Oh et al. (1995) Flood control, Water storage, Water purification, Air purification, Reducing soil erosion, Waste treatment

Oh et al (2001) Food security, Scenery provided, Vitality increasing

Flood control, Groundwater recharge, Climate regulation, Reducing soil erosion, Water purification,

Lim (2002) Air purification, Oxygen supply, Rest area provided

Kwon (2005) Flood control, Water storage, Air purification, Water purification, Climate mitigation, Soil conservation

Flood control, Groundwater recharge, Water purification, Air purification, Climate regulation,

Kim et al. (2006) Soil conservation, Amenity provided, Landscape conservation

Kang (2007) Food supply, Scenery provided, Soil conservation, Natural resource management, Biodiversity

Food supply, Water storage, Water purification, Flood control, Air purification, Climate regulation,
Kimetal. (2012) | Reducing soil erosion, Biodiversity, Providing agriculture and rural scenery,
Preservation and inheritance of traditional culture, Recreation and tourism provided, Healing and health

Food supply, Water supply, Climate regulation, Air quality control, Erosion control, Natural disaster mitigation,

Ryu and Lee (2013) Nutrient cycling, Biological control, Rural scenery providing, Recreation and tourism provided

Food supply, Drinking water supply, Water purification, Flood control, Reducing soil erosion, Protection of

Sagong etal. (2014) important forests habitat, Biodiversity, Avian habitat, Provision of protected species in paddy fields

Species conservation, Biodiversity, Soil pollution prevention, Water purification, Soil fertility improving,

Jung et al. (2015 . . . . .
ung ( ) Greenhouse gases reduction, Soil conservation, water use, Waste reduction, Energy saving

Food supply, Natural fiber, Fuel supply, Flood Control, Water purification, Air purification,

Kimetal (2016) | i1 iife habitat providing
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Table 2. Evaluation indicators and measurement items by ecosystem service type

Service type | Evaluating indicator Measuring Items The details
Rice
Food production Food production -
Vegetables/Fruits
isioni . Solar power Solar power
Provisioning Energy production - pow - pow
service Biomass Biomass energy
Raw material Useful raw materials Medicine/Edible/Health materials
production Mineral resources Mineral resource
Climate regulation Microclimate control Evaporation/Diffusion
. Absorption of air pollutants
e Reduction of pollutants -
Air purification P Absorption of CO2
Photosynthesis Oxygen production
. Reduction of water Sedimentation of pollutants
Water purification -
pollutants Nutrient uptake by crops
Regulating | Improving soil quality Soil fertility Improving soil fertility
service Surface water Surface water retention
Water storage
Groundwater Groundwater recharge
Drought control
Drought/flood control £
Flood control

Disaster regulation

Reducing soil erosion

Reducing soil loss/erosion

Presence of exotic species

Biodiversity

Biological regulati
10°0B1ca" feguation Promoting biodiversity
Rest
Recreation/Leisure Recreation/Rest - e Aar.e'a
Leisure activities area
. . Provides a visual landscape
Landscape/Aesthetic Creating landscape - -
Provides aesthetic comfort
Cultural service ) ) ) ) Ecotourism site provided
Ecological education/ Ecological education/ : : -
: : Ecological learning field provided
Experience Experience - h
Creation of an ecological observatory
" . Traditional cultural assets Traditional history/Cultural space
Religion/Heritage — — — — — preS
Spiritual/Religious facilities Spiritual/Religious facilities
Primary production Primary production Primary production by crops
Fishery habitat
Soil microorganisms habitat
Habitat Habitat provision Aquatic plant habitat
Avian habitat
Supporting Mammal habitat
service Legally protected species of aquatic life
. D o Formation of plant coloni
Ecosystem diversity | Biological/Genetic diversity ormmation o7 pran C,O omes.
Legally protected species of bird
Legally protected species of mammal
Nitrogen/Phosph: 1
Material cycle Nutrient cycle THOgETHOSPTIOTLS eyee
Carbon cycle
A Hu| 2ol AElsHe AHEo] gt A2 A AE 3. AREA A
O 7| B ShA o5 MEE Al =
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Table 3. The general information of respondents

- 1st Survey (N=105) 2nd survey (N=38)
Classification

Numbers % Numbers %

Male 84 80 32 84.2
Sex

Female 21 20 6 15.8
Public official/Public institutions 44 41.9 9 23.7

University professor 3 29 2 53

Work —
Research institute 21 20.0 18 474
Business company 37 35.2 9 237
College graduate 50 47.6 - -
) Master 23 219 12 31.6
Education :
Completion of doctoral course 5 4.8 3 7.9
Doctor 27 257 23 60.5
Environment 52 49.5 19 50.0
. Biology/Ecology 24 229 11 289
Major - — )

Agricultural and civil engineering 17 16.2 4 10.5
Agricultural chemistry 12 114 4 10.5
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Respondent rate(%)

Rice production '

Primary production by crops
Nitrogen/Phosphorus cycle
Biodiversity Promotion
Absorption of CO,
Ecological learning field

Soil microbial habitat
Carbon cycle

Climate regulation

Nutrient uptake by crops
Biomass energy

Flood control

Avian habitat
Medicina/Edible/Health materials
Reducing soil loss/erosion
Surface water retention
Visual landscape

Improving soil fertility
Aesthetic comfort
Vegetables/Fruits production
Groundwater recharge
Aquatic plant habitat
Oxygen production
Sedimentation of pollutants
Traditional history/Cultural space
Fishery habitat

Ecotourism site

Drought control

Absorption of air pollutants
Mammal habitat

Rest area

Leisure activities area

Solar power
Spiritual/Religious space
Mineral resource

Figure 2. Results of a survey on the functions and roles of the rice paddy ecosystem
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Table 4. CVR analysis of evaluation indicators by ecosystem service type(Bold indicates CVR > 0.1)

Service type | Evaluating indicator Measuring items The details CVR
. . Rice production 1.00000
Food production Food production Vegetables Fruits 0.04762
Provisioning E ducti Solar power Solar power -0.56190
service nergy production Biomass Biomass energy 0.29524
Raw material Useful raw materials | Medicine/Edible/Health materials | 0.23810
production Mineral resources Mineral resource -0.88571
Climate regulation Microclimate control Evaporation/Diffusion 0.46667
. Absorption of air pollutants -0.21905
Air purification Reduction of pollutants Arlfsorption oIf) CO, 0.56190
Photosynthesis Oxygen production -0.04762
L Reduction of water Sedimentation of pollutants -0.06667

Water purification -
pollutants Nutrient uptake by crops 0.42857
Regulating | Soil quality improvement Soil fertility Improving soil fertility 0.08571
service Water storage Surface water Surface water retention 0.16190
Groundwater Groundwater recharge 0.04762
Drought/ Drought control -0.18095
Disaster regulation Flood control Flood control 0.27619
Reducing soil erosion Reducing soil loss/Erosion 0.21905
L . o Presence of exotic species -0.86667
Biological regulation biodiversity Biodiversity promotion 0.61905
. . . Rest area -0.27619
Recreation/Leisure Recreation/Rest Leisure activities arca 054786
. . Provides a visual landscape 0.16190
Landscape/Aesthetic Creating landscape Provides acsthotic comfort 0.08571
Cultural . . . . Ecotourism site provided -0.16190
service EcoloEglcal ;ducatlon/ Ecological ;ducatlon/ Ecological learning field provided | 0.56190
xperience Experience

Creation of an ecological observatory | -0.52381
Traditional cultural assets|  Traditional history/Cultural space | -0.08571
Religion/Heritage Religsiggslt?;clﬁi s Spiritual/Religious facilities | -0.86667
Primary production Primary production Primary production by crops 0.79048
Fishery habitat -0.14286
Soil microorganisms habitat 0.50476
Habitat Habitat provision Aquatic plant habitat 0.02857
Avian habitat 0.25714
Supporting Mammal habitat -0.23810
service Legally protected species of aquatic life| -0.12381
Biodiversity Biqlogjca]/ . Formation of plant colonies 0.12381
Genetic diversity Legally protected species of bird | -0.02857
Legally protected species of mammal | -0.40952
. . Nitrogen/Phosphorus cycle 0.77143
Material cycle Nutrient cycle Carbon cycle 050476

A& HEH ATt 3HA Hléﬂl A= Y nS/A4 A UAHFAR(0.412), A A1 A A5-(0.198), B A THFAS
(0.438), 73T/ A 1] A|-5-(0.210), F-F/9 7} A 5-(0.194), (0.198), 244=3H0.192) =0 2 YEL} AFRYAF X
FRIEIFA AB0.157) £ 2 e AR EE/  7HA T, 7| A BEE FARE S0 2 57}

A ARV A HEET AR MR A0 A= FHn
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Note) n; number of respondents, CR; coefficient of variation
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Figure 3. Analysis results of relative weight of evaluation indicators by service type
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Table 5. CVR analysis of evaluation indicators by ecosystem service type

Service type Evaluating indicator Measuring items CVR Content validity
Food production Rice production 1.00000 High
Provisioning service Energy production Biomass Energy production 0.24324 Low
Raw material production Useful raw materials 0.40541 High
Climate regulation Evaporation/Diffusion 0.40541 High
Air purification Absorption of CO, 0.56757 High
Water purification Nutrient uptake by crops 0.45946 High
Soil quality improvement Soil fertility improving 0.03514 Low
Regulating service Water storage Surface water retention 0.29730 High
Groundwater recharge 0.13514 Low
Disaster regulation Flood control 0.35135 High
Reducing soil loss/erosion 0.29730 High
Biological regulation Biodiversity Promotion 0.67568 High
Landscape/Aesthetic Provides a visual landscape 0.13514 Low
Cultural service Provides aesthetic comfort 0.02703 Low
Ecological education Ecological education 0.78378 High
Primary production Primary production by plants 0.72973 High
Soil microorganisms habitat 0.29730 High
. Aquatic plant habitat -0.08108 Low
) . Habitat - -
Supporting service Avian habitat 0.24324 Low
Formation of plant colonies 0.08108 Low
. Nitrogen/Phosphorus cycle 0.78378 High
Material cycle Carbon cycle 0.40541 High
Table 6. Adoption of evaluation indicators and measurement items by service type
Service type Evaluating indicator Measuring items Validity Measurability
L . Food production Rice production H H
Provisioning service . . - -
Raw material production Useful raw materials production H H
Climate regulation Evaporation/Diffusion H M
Air purification Carbon dioxide reduction H M
Regulating service Water purification Reduction of pollutant H M
Water storage Surface water retention H M
Disaster regulation Reducing soil loss/erosion H M
Cultural service Ecological education Providing smgntlﬁc val}le such as H M
ecological learning
Primary production Primary production by plants H M
Supporting service Habitat Soil microorganisms habitat H M
Biodiversity Genetic/Species/Biological diversity H M
Material cycle Nitrogen/Phosphorus/Carbon cycle H M

Note) Data measurability : High(H, Official data), Middle(M, Research and survey data/Modeling data), Low(L, Insufficient data)

S AL ARE ol 8T+ W Wl SV
e ' or ekl 2EA R 2] F7HA HR
& 24, W71 s} AAS T gE, g
dof| sfFste SAHTE AH A2 HF 420
AT A7 A 2A AR, RAF S EEA AR 5
20182 5 Wt S E T 2= Bt

q&547rs4S S

Pl Shoh= 54

shoiet. BotAle| 2] Sgst Qe LS A4S
et 2 AE SRR A0 ek A 5 94
AFeo) 22 o] §3te] B o] K57 i

o2 rFsch AR AH| 2

=2
PR B md

—



78 EAIYEIL M34HE M2E
Table 7. Comparison of this study results with previous research results
Service . Ryu and Lee Sagong et al. Gang et al. Joo etal.
type UG (2013) (2014) (2015) (2019)
Food production Food production Food production | Food production -
Provisioning - - - - Biomass energy
service Raw material production - - - Genetic material
- Water supply Drinking water Food safety Water use
Climate regulation Climate regulation - Climate regulation | Climate regulation
Air purification Air quality control - Air purification Air purification
Water purification - Water purification | Water purification | Water purification
. Groundwater
Regulating -
. recharge .
service Water storage - Moisture
Fresh water
Flood control
recharge
Disaster - Reducing soil erosion Flood control Flood control Flood control
regulation | Reducing soil loss | Recreation/Landscape | Reducing soil loss - Pest/Disease
- - - Landscape Landscape
Cultural Ecological education - Recreation/Leisure Ecotourism
service iti
i i Traditional cyltural Spiritual/Heritage
conservation
Primary production - - - Land cover
. Soil- . - Protected species -
microorganisms )
Habitat - Avian habitat Animals apd
plants habitat
Supporting i . . Important -
service Nitrogen reduction forest habitat
s S N Maintaining S
Biodiversity | Biodiversity Biodiversity the ccosystem Biodiversity
Material cycle (N, P, C) i - - Carbon storage
- - Soil conservation -
BEOI8T AR SIS S TR AT A9 #AA H A A S v 2 ofvl
SHATH SEAHI AL B EE HS AT ohol, BEAY 35, 2, 23pA ] A0 A7 9
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7|%24, 7174k A4k R, A2 d A3} 2| A A v 20 R AT BV R E shuE
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9] 4% 713%-0.2 Qg S8 ofu] ¥ Elo] 7}
= A5 47110
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DAY A A A, e TS, B4 4719 B = Table 73 At & A0 M =&H B7HA| #= Gang
MRS A SFH T = A= A7 E AR etal. (2015)2] ATF+ZA 7} 7H F-AFSHR 37, Gang et al.
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