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we classified ecosystem functions and set indicators used for evaluating ecosystem services of urban

park by Delphi method. As a result, it derived 12 items and 14 indicators of ecosystem services to

evaluate them such as vegetable garden, canopy cover, biodiversity, and educational programs.

Based on the derived evaluation indicators, the feasibility of the indicators was examined by

applying to two urban parks, Maetan park and Seoho-Ggotme park, in Suwon City. We also

suggested strategies to improve each ecosystem services based on the results of evaluation. It is

significant to recognize unknown services in urban parks. The results can be used for improving

urban ecosystem services consistently in response to current rapid urbanization. In the future, the

city should make a master plan on ecosystem service on urban area, beyond urban park, considering

both of quality and quantity.

Keywords : Urban ecosystem, Provisioning services, Regulating services, Supporting services,

Cultural services
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Figure 1. Research flow and methods

Table 1. The composition of delphi survey’s panel

First Delphi survey Second Delphi survey
Environmental planning 11 10
Academic background Ecology/Ecosystem service 9 8
Urban park 4 4
Public officer 2 2
Position Professor 14 13
Researcher 7
Career 510 ) 8
over 10 15 14
Total 24 22
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Table 2. Pilot study area: Maetan Park and Seoho-Ggotme Park

Maetan Park Seoho-Ggotme Park
Year of build December, 1985 February, 2012
Location Yeongtong-gu, Suwon-si Paldal-gu, Suwon-si
Area 59,956m? 55,283m?
Acupressure trail, Deck, Sculpture,
Landscape Grass square Drinking foundation
Sporis Football field, Tennis court, Basketball court, Futsal field, basketball court,
P Gate ball, Gymnasium, etc. badminton court, etc.
Facilities Recreation Square, Rest shelter, Bench, Pergola Square, Rest shelter, Bench, Pergola
Combination playground equipment, etc.
Education - Outside learning stage, Childcare facilities
Benefit Toilet, Parking lot, Mineral spring Toilet, Parking lot
Management Skylight, Staircase, Movable ballard
. Residential area, Green area
Land use Residential area (mt. Yeoggi, Seoho-stream, Lake seoho)
7 1% wHo) 50,000m0)42] FHo2 ujEEe . 2+ 9 v&
& 7)z0) ety e Easla ol Add 2T ]
e s Do 1 MMATE S5t mAZ o] MEfAMIA
dolu], AEBHFAL 71E SAY} gk AFE |
PNE: 2
4% ZEHolt, F 3 B T Aldo] A
= = 3.0
Aol glof ol gl A Thopt A2 Ay AUAT DS S mATAS A
1k Table 9, W WA S FUSHAC, 2AAR| 20N 7 B
& FEo] mEEglon o]F Hslr] ffet vheftt

‘11
57 9l A0 & Uepdth(Table 3), &=

Table 3. Preliminary evaluation indicator of ecosystem service of urban park

Services

Indicator Reference
* Tree biomass (leaf biomass)
L . Nowak et al. 2008
N (Carbon multiplied by 2 to convert to fresh weight Dobbs et al. 2011
L Productivity biomass)
Provisioning * Food production
* Vegetable garden area Rocha etal. 2015
Medicinal resources Camps-Calvet et al. 2016
* CO; sequestration by trees }?;liteglalz' 0200 50 >
(Carbon is multiplied by 3.67 to convert to CO2) Han 200' 6
Maintenance of air quality | * Air pollutant removal
L Escobedo et al. 2011
(Ozone, CO, SO, and NO» removal multiplied by plot
measured tr ver in tons yr—1) Dobbs et al. 2011
casured free cover i fons yr Rocha et al. 2015
Regulating McPhc?rson etal. 1998
Akbari et al. 2001
Gill et al. 2007
Maintenance of favorable | « Temperature reduction Grimmond 2007
climate « Tree cover Michelozzi et al. 2009
Dobbs et al. 2011
Bastian et al. 2012
Rocha et al. 2015

Wrsd dE 231
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Table 3. Continued

Services Indicator Reference
R . Whitford et al. 2001
Mmgat(l:;)lzri)t;chmate * Carbon storage (t/year) Tratalos et al. 2007
& Escobedo et al. 2010
Simpson 1998
Saving energy * Energy consumption according to tree density and cover | Akbari 2002
Nicholson-Lord 2003
Weng 2001
* Surface runoff (mm/hour) Jim & Chen 2009
Drainage * Curve Number Dobbs et al. 2011
(Reduce runoft) * Soil bulk density (cm/h) Pataki et al. 2011
* Soil infiltration Radford & James 2012
Rocha et al. 2015
Regulating * Tree structure
Storm protection (Plot tree. density and cover) Dobbs et al. 2011
* Crown dieback
(Average percent individual tree crown dieback(%))
Noise reduction * Leaf area and distance to roads Rochaetal. 2015
* Type of foliage Dobbs et al. 2011
Maintenance of biological . . Thuiller et al. 2005
and genetic diversity Shannon diversity and evenness index Stenlid et al. 2011
* Soil fertility (soil organic matter % pH)
. . .. | * Soil bulk density (g/cm?)
Maintenance of soil quality | Soil Nutrients of P, K, Mg, Ca (mg/ke) Dobbs et al. 2011
* Heavy metals (Zn, Cu, Ni, Pb) (mg/kg)
Photosynthesis effect
(balance between CO, | | . . . Nowak & crane 2002
and O, carbon reduction, Amount of biomass using relative growth Rochaetal. 2015
biomass etc.)
Supporting
. ivity (©
Provide habitat (diversity of Structural c'0m§ct1V1ty (%) . Magurran 2004
. . * Shannon diversity and evenness index
species and genetic) and . . Vogt et al. 2009
maintain biodiversity " Simpson index Dobbs et al. 2011
* Percent native species (%) ’
* Open space area per resident
* Tree and grass cover (%) Dwyer etal. 1991
» Water area Fuller et al. 2007
Recreation * Number of green elements Tratalos et al. 2007
» Number of facilities Dobbs et al. 2011
« Hill and slope Rocha etal. 2015
« Lake, river and fountain Heetal. 2016
* Proportion of evergreen plants and flowering plants
. . .. . Dwyer et al. 1991
Aesthetic value Tree species, condition, extent and location Dobbs ct al. 2011
Cultural

Natural - cultural value

* Native species (%)
* Species entered colonial era (%)
* Proportion of natural land

Dwyer et al. 1991
Frank et al. 2006

Religious function

* Symbolic tree
* Religious site

Dwyer et al. 1991

Educational function

* Educational programs and activities

Dwyer et al. 1991
Breuste et al. 2013
Heetal. 2016

Placeness

Dwyer et al. 1991
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Table 3. Continued

Services

Indicator Reference

health improvement

* Ground area (with jogging)

* Body mass index (BMI)

* Chances of being overweight or obese

* Morbidity and mortality of cardiovascular diseases

Maas et al. 2006
Fuller et al. 2007
Jim & Chen 2009
Lee et al. 2009

* Longevity Tzoulas et al. 2011
Cultural * Score of frustration, anxiety, self- esteem and happiness| Douglas 2012
level Heetal. 2016
Soidinension At oaie g 2oz
improvement * Number of community activities He ctal. 2016
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Table 4. Types and details of indicator rearrangement through Delphi survey
Details of rearranged items
Services Indicator (unit) Before (1st round) After (2nd round)
Mean | sd. | CVR | CV | Mean | sd. | CVR | CV
. Amount of biomass using
Biomass relative growth (ton/m?) 3.63 1.14 | 1.16 | 032
Total area of vegetable | 375 | 95 | 133 | 026 | 38 | 0.84 | 091 | 022
gardens (m?)
Food Proportion of vegetable 375 | 079 108 | 021
L gardens (%)
Provisioning v vp
ea per crop type
(m/crop type)) 3.05 1 0.58 | 0.33
Area ratio of water 425 | 056 | 158 | 0.13
resource in parks (%)
Water Number of
umber of water resource 33 074 | 058 | 023
around the parks
, Treesw‘ﬂ‘.a“ileam“g 371 | 113 | 133 | 031 | 38 | 07 | 125 | 0.19
Air pollutant function (%)
removal i i
V: Plannngde.nsnyorleaf 41 056 | 15 0.14
area index
2
. |Araofshadeoftree (), |50 g0y | 195 | 017 |4 | 065 | 15 | 017
Regulating canopy cover ratio (%)
: 1' t . .
microciimate Proportion of multiple 415 | 082 | 125 | 02
layer (%)
Soil pore and hardness | 3.38 | 093 | 1.08 | 028
Flood and storm | Density and coveroftrees | 37y | og1 | 133 | 022 | 41 | 072 | 133 | 0.8
mitigation (%)
P
Permeability (%) or 465 | 049 | 166 | 0.1
permeable area (m?)
Regulating percent evergreen species 350 | 089 | 116 | 025
(%) ' ) ) '
‘ | Leafareaaccordingto |5 o3 00 | o5 | gog
Noise reduction | distance of noise (m%m)
Tree heighaccording to | 30| 78 | 133 | 021 | 35 | 083 | 083 | 024
distance of noise (m)
Vegetation width (m) 435 | 049 | 1.66 | 0.12
COxsequestration by tree | 51| g9 | 175 | 021 | 3.65 | 082 | 108 | 023
(ton/year)
Urban heat island | - Energy consumption |- 3 13| ¢ | (66 | 026 | 405 | 076 | 125 | 0.19
mitigation around parks (toe)
Temperature difference
between park (°C) 33 066 | 0.66 | 02
Maintenance of Soil pH 3.63 0.83 1 0.23 3.55 0.69 0.91 0.2
soil quality Soil nutrients (mg/kg) | 3.88 | 0.86 | 1.5 | 022 | 39 | 065 | 125 | 0.17
Smmml(f/o)‘mec“v“y 43 |07 | 175 | 017 | 443 | 051 | 158 | 012
0
Supporting | Maintenance of Shannon index 384 | 092 | 158 | 024 | 358 | 077 | 083 | 022
biodiversity
Proportion of natural land
in park (%) 4.11 0.66 1.33 0.17
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Table 4. Continued
Details of rearranged items
Services Indicator (unit) Before (1st round) After (2nd round)
Mean | sd. | CVR | CV | Mean | sd. | CVR | CV
Bare ground and grass
land area ratio (%) 33 086 | 091 | 0.27
Sports Number of sports 355 | 094 | 1 027 | 355 | 069 | 091 | 02
facilities

Number of person using

e 396 | 096 | 141 | 025 | 3.6 076 | 091 | 021
sports facilities

Green space ratio in parks | 3.09 | 093 | 0.5 031 | 405 | 083 | 133 | 021

. Number of resting person | 4.05 | 0.76 | 1.66 | 0.19 | 3.85 | 0.59 | 125 | 0.16
Resting
Cultural Number ofbenchand |3 ¢2 | 493 | 1,16 | 026 | 345 | 076 | 083 | 023
pergola
Proportion of old tree (%) | 3.71 0.81 1.16 | 0.22
Value of heritage | Proportion of afforestation
and natural vegetation (%) 371 081 116 ) 0.22
Number of educational | 5 ¢ | 158 | 026 | 425 | 064 | 15 | 016
programs
Education and -
social activities | Tvumoer ofcommunity 5 59 |y 56|55 | 03
activities (no/year)

Information, commentary 355 | 069 | 091 | 02
=, WA gl waee] = 3 i 5Ae ok A A 0 oz Aol A=, 22 =
FEh ) Uepkon, Aol W BRI 2 A} A 18 9 ASlE BEol Zead W as
NNE & 30 AFwrt Ustort Ageld o BE4TH M B APEE RO FAS T
Ao A B8 W A E SR 9N B W 5L, FABAY o §R4 202 EO
BUHA WIS Aol ML Sl AN AUES 2
gelon, eIy g Sea, iAA, 3F = A 9] dufo] dZ2AE T =EH =AE

Table 5. The final evaluation items of ecosystem service in urban park

Services Evaluation indicator from respondents
L Productivity: Food Proportion of vegetable gardens (%)
Provisioning -
Water resource Water resource in parks (%)
Air pollutant removal Proportion of trees with air cleaning function (%), density of planting
Flood and storm mitigation | Permeability (%)
. Noise reduction Vegetation(buffer zone) width and height (m)
Regulating :
. . Canopy cover ratio (%)
Urban heat island reduction - -
Temperature difference between park ("C)
Maintenance of soil quality | Soil character (hardness, pH, gravimetric water contents, bulk density, porosity)
Ecological network Structural connectivity (%)
Supportin, Shannon index
PPoTing Biodiversity -
Proportion of natural land (%)
Sports Number of facilities
Cultural Resting Number of bench and pergola
Education and social activities | Number of participating organizations (daycare, kindergarten)
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Table 6. Comparison of Ecosystem Services between Maetan Park and Seoho-Ggotme park

Services Indicators Maetan Park Seoho-Ggotme Park
L Food Vegetable gardens (%) - 0.5%
Provisioning -
Water resources | Water resource in parks (%) - -
Airpollutant 1 \vith air cleaning function (%) 17.65% 23.53%
removal
Flood and - favorable favorable
storm mitigation Permeability / Hardness (hardness 19.83) (hardness 13.15)
Noise reduction Vegetation(buffer zone) width and height (m) width 8.37m width 8.15m
Reeulat (criteria: width 15m, height 1.5m) height 2.46m height 2.87m
t
cguiatng Canopy cover ratio (%) 70.02% 46.90%
Urban heat . . . 28°C 0.24°C
island reduction | Temperature difference with surrounding area inside: 35.83°C inside: 35.44°C

(O

outside: 38.63°C

outside: 35.68°C

Maintenance of

Soil character (hardness, pH, gravimetric water

hardness : good

hardness: good

soil quality contents, bulk density, porosity) porosity : poor pH, porosity: poor
Ecological Structural connectivity (BC index) ) .
] network Average of Suwon = 0.01 (0~0.51) BC:004 BC:0.0007
Supporting o Shannon index (bird species) 2.06 231
Biodiversity -

Proportion of natural land (%) 40.11% 0%

. e No of facilities: 7 No of facilities: 4
Sports Number or area ratio of facilities 20.62% 15.35%
Cultural Resting Number of bench and pergola 81 88
Education and | Number of participating organizations 35 )

social activities

(daycare, kindergarten)
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