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Abstract Many cities lose their green space and ecosystem serggmsgially in developing
countries, which represent a problem as seriouma@&snvironmental pollution. Japan has also
experiencedhe problem as a result of rapid economic growth. A system to assess ecosystem
services ando createconservation maps in urban area was developed for use as a policy
suggestion for urban planniniline ecosystem services were calculated by proxy variables

the studied area, Nagoya city, Japdifter selecting a subset of relativelnd highly
independent proxy variablefiye ecosystem services significantly decrealsefbreandafter a

period of strong economic growfh955 andl997). Distributions ofthe ecosystem services had
trends of fragmentation indicated by a cluster analysis. Conservation priority maps created by
using the conservation planning softwagdled Zonation were presented. In the eastern and
western areas, ecosystem servidesreased ith the loss of green space indicated by the
authors in a previous study. Thenservation pridty level of the central area waslatively

high due to the loss of green spatie results of this study are helpful planning for green
space and offsetvaliating system

Keywords Geographical Information SystegreenspaceJanduse, Nagoy&onation

INTRODUCTION

Many cities lose their green space (parks, agricultural fields, and secondary forests) and related
ecosystems due #m increasén population, industry, and business, especially in developing countries.
This loss represents a problem as seriowasvironmental pollution. Japan has also experietized
problem as a result of rapid economic growth. Currently, the green spawminJapanese citiés

still over 10% of the land are&dowever, it @pears that the quality of this green space, as measured by
characteristics such as continuousness and ecological complexity, has not remained high.

Ecosystem services (e.g., Costanzaak, 1997; Millennium Ecosystem Assessment, 2005),
defined as goods and services provided by ecosystems to human society, are essential for a sustainable
society. Green space in urban areas, including grass, agricultural, and forest ecosystems, provides
ecosystem services such as biodiversity conservation, air and water purification, climate mitigation,
disaster control, and cultural services (recreation, landscape, etc.). However, ecosystem services from
these ecosystems decrease with urban development.
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From a socioeconomic point of view, setting ecosystem conservation priorities is an effective way
to maximize ecosystem services and/or biodiversity under economic constraints. Many software
programs have been applied to conservation planning for bisdtiveincluding GPlan, Marxan, and
Zonation. Moilanen et al. (2011) researched competing land uses (in terms of their biodiversity, carbon
storage, agricultural production, and urban area) in Great Britain using Zonation software. Fan and
Shibata (2014)@plied Zonation to the evaluation of ecosystem services in a river basin and found that
forest ecosystems should be prioritized, especially for the water supply service that they provide, for
Hokkaido, Japan.

In a previous study (Ooba and Hayashi, 2014¢, authors indicated that land use in Nagoya,
Japan differed beforandafter a period of strong economic growth, with the green space in Nagoya,
including agricultural fields and forests, decreasing drastically. Those results mentioned that the
provisioring of ecosystem services also decreased drastically; however, quantitative evaluation was not
performed. In addition, conservation policy suggestions would be useful for the remaining green space,
especially information on the areas thattheemost impatant for maintaining or enhancing ecosystem
services based on detailed geographical and quantitative research.

OBJECTIVE

7KH DLP RI WKLV VWXG\ LV WKH GHYHORSPHQW RI D VI\VWHP WR
FUHDWH PDSV RRUHFRVYDWHRQ SULRULWLHV IRU XVH DV D SROLF\

METHODOLOGY

6WX&UHD DRQWBW

7KH VWXG\ DUHD WKH FLWD RE M DNWRANDS UNYWRXVVOWMGY 2RED DQ
7KH DQQXDO DYHUDJH WHPSHUDWXUH DQ® PS UWHHVY S H®W\L WY HR@\ D:U!
SRSXODWLRQ RI DSSUR[LPDWHO\ PHWUR 1DJR\D FD
LV UHBBQWDWLYH RI XUEDQ -DSDQ

Digital maps of land use in 1955 and 1997 at a 10 m resolution were developed in the previous
study. The maps categorizds types of land use: water surface, buijit urban (residential and
industrial) areas, roads, agricultufalds, and forest. In this study, green space was defined as the
agricultural field and forestand uses. A digital elevation map ¢4 resolution) was also used to

estimate prevention of soil erosion. The following geographical processing and calsulaton
performed using ArcGIS 10.2.

(YDOXDWER@Q@\RMWAKWFK LFHV

6HYHUDO YDULDEOHV ZHUH FDOFXODWHG DV SUR[LHV IRU VXSS
7DEOH DW WKH UHVROXWLRQ RI WKH -DSDQHWD® V6 WPREDW @
FRUUHVSRQGLQJ WR DSSUR[LPDWHO\ NP 7KH IROOCEDNOE YDUL
SULPDU\ XQLW IRU HDFK ODQG XVH FDUERQ VHTXHVWUDWLRQ
SXULILFDWLRQ FOLPDWRQPMRLIDWURQV H RRQWILLLE YWHPSHUDW XU |
prevention of VRLO HURVLRQ 7KH GHWDLOHG FDOFXODWLRQV XVHG WR
JRU FXOWXUDO VHUYLFHV D SUR[\ YDULDEOH ZDV HVWLPDWHG
JUHHQ VSDFH UHFUHDWLRQ LQGUW[WK®HILQKO BV SYR[DURD BL
FRQVHUYDWLRQ ZDV HVWLPDWHG IURP WKH FRQWLQXRXVQHVV RI
BWDWLVWLFV LQ $UF* 6 DQG VHWWLQJ WKH SUR[LPLW\ UDGLXV W
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ZHUH FRGQYWRWRUPDOL]H YDOXHYV GXH WR GLIITHUHQFH RI XQLWYV
WKH VWDQGDUG GHYLDWLRQ 6RPH YDULDEOHV §SreMdntich@QWLRQ R
VRLO HURVLRQ DQG GLVWDQFH WRRBSENMUWH NHADHOH WER PMK H HRU
7KHVH YDULDEOHY ZHUH UHYHUVHG E\ PXOWLSO\LQJ E\ i )RU F
ZHUH QRUPDOL]JHG E\ WKH VWDWLVWLFV RI

A matrix of correlation coefficients among all proxy variables was gera identify linear
relationships. After selecting a subset of relatively highly independent proxy variables, a cluster
analysis was performed using theénlkean method for the 1997 data set to clarify the characteristics of
ecosystem services at each mesll in the city. For the 1955 data set, each mesh cell was reclassified
and compared to the result for 1997 to obtain the differences between the two years. These calculations
were performed using statistical software (Excel statistics, Social SurgeaiRl Information, Japan)
in Microsoft Excel 2013.

Table 1 Proxy variables of ecosystem services in urban area

Name Cat’ Estimation Method Values or Details Unit Ref.
Carbon sequestration S Primary unit 3.09(F) tly 1
Prevention of** S 16.5(V), 42(A), 3.8(F) 2
eutrophication kg-N/y
Food supply P 2.98(A) tly 3
Air purification R 0.00615(A), 0.011(F) t-NOfy 1
Climate mitigatior’ R 6(U), 12.9(A), i1.3(F), 2(W) iC 4
Rain infiltration R 12.7(V), 89.3(A), 258.2(F) mm/h 5
Prevention of soil R S and C coefficient in s = 65.41sifA/+ 4.56sin/+ 0.065 6
erosion’ RUSLE® C =1 (U), 0.33(A), 0.0085(F) - g((ég
Recreation” C Distance of relatively Enquired distance for large gree m 9
large green space space (A and F) polygon (> 1ha)
Biodiversity S continuousness of greel Focal statistics (proximity radius ) 9
space km) (ArcGIS spatial tools)

Abbreviation: U: Urban area and road, A: Agricultural area, F: Forest area, W: Water surface
* Category of ecosystem services: Supporting (S), ProvisigRipdregulating (R), Cultural (C)
** Opposite scale. High value of the variable indicated negative effect about the concerned ecosystem service.
. Ogawa et al. (2003)

. Japan Sewage Works Association (1997)

. Aichi prefecture (2012)

. Yokoo et al. (21B)

. Murai and lwasaki (1975)

. Renard et al. (1997), RUSLE: Revised Universal Soil Loss Equation.

. Ogawa et al. (2005)

8 Kitahara et al. (2000)

9 Li (2014)

~NOoO o~ WNPRE

Algorithm of Calculating Conservation Priority

7KH FRQVHUYDWLRQ SODQQLQJ VRIWZDUH =RQDWLRQ SURYLGHYV
SULRULWLHYUHD JREPWHLRQ 7KH DXWKRUV FKRVH WKH VLPSOF
IXQFWLR @ DDKXMKRMW W& PF B O BXOCAIRMMRH GHFRV\VWHIR Y HFHDHK PV K F H ¢
DOQSURGXFIPENKS RI WKHQ/ XWPRLV VWXG\ WKH LQSXW YDOXHV Zt
HFRV\VWHP VHUYLFHV 7KH ZHLJKW DQG FRVW IRU HDFK SURJ[\ YL
JRU D WHFKQVLRQOWKH UDVWHU GDWD |RWP FPRAYKWARQYBAYJWH G UH B
DERFHQWLRQHG DSSBRAHFBWHO\
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RESULTS AND DISCUSSION

EcosystemServicesEvaluated by Proxy Variables

Nine ecosystem services were estimated at a 1-km mesh for 1955 and 1997 for Nagoya city (data not
shown). The matrix of correlation coefficients among all proxy variables was also calculated. The
variables calculated from the digital maps of land use type using the primary units exhibited high
correlations with the other variables calculated by the same method. On the other hand, the variables
calculated using ArcGIS had low correlations with the former variables. For further analysis, the
following five variables of which correlation coefficients were less than 0.6 were selected: carbon
sequestration, food supply, prevention of soil erosion, recreation index, and biodiversity index. The
food supply variable was the only proxy of a provisioning service that was selected; it was chosen over
prevention of eutrophication, which displayed a high correlation with food supply.

The values of all of the selected variables decreased from 1955 to 1997, which was related to a
decrease in green space from 55% of the total city area to 16% (Ooba and Hayashi, 2014). The
distribution of the supply of ecosystem services also changed, becoming sparse and isolated in 1997.

Classification of Supply of EcosystemServices

The distribution of classified mesh cells from the selected 5 proxies is indicated in Fig. 1. Because the
number of classes is arbitrary in the k-mean method, the authors chose 5, which was the same as the
number of classified types in the original land use maps. The following labels were used in referring to
the land use maps: core urban area, urban area, agricultural area, forested area, and green area.
Between the dates of the two land use maps, urban areas expanded and agricultural and forested areas
contracted complementarily. In 1997, green areas (mixture of urban area and green space area)
appeared as a result of the fragmentation of green space.

(a) 1955 e (01997

Urban area
Urban (core) area
Agricultural area
Forest area

ER0ECO

Mixed area

Fig. 1 Classification from the proxy variables of ecosystem services
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Carbon sequestration ~ Food supply =~ Prevention of soil erosion Recreation index  Biodiversity Index

Fig. 2 Relative priority ranks (0-1) of the selected ecosystem services

(a) 1955 (b) 1997 (c) Difterence of 1997 to 1955

T
A

"

| | ||

P o075 [
i0.95

Fig. 3 Relative priority ranks and difference of integrated ecosystenservices

ConservationPriorities

SBULRULW\ PDSV IRU HDFK RI WKH VHOHFWHG SUR[LHV ZHUH FD
)LJ 7KH PDSV UHSUHVHQW WKH FRQVHUYDWLRQ SULRULW\ RU
WKH EOXH G6RORES® \FWBEH PRVW HFRV\VWHP VHUYLFHV , Q
ZHVW VLGHV LQ WKH FLW\ KDG UHODWLYHO\ KLJK YDOXHV LQ WK
FHOOV LQ WKRVH DUHDV KDG ORZ YDOXHV LQ
Integrated priority maps, presented as Fig. 3, were also calculated from the 5 variables using
Zonation. The conservation priority level of the marginal area of the city is high levels in 1955
provided from both agricultural and forest ecosystems. This east, especially east-south and east-north,
high priority area almost disappeared by 1997. The west area remained a high priority. Compared to
the east area, the west and northeast areas were also assigned high priority. Fig. 3(c) presents the
differences between the two years. This indicates an overall loss of ecosystem services, which is
consistent with the pattern observed above for each individual ecosystem service. It is notable that the
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conservation priority level of the central area is relatively high due to the loss of gasnis the
marginal area.

Outlook

$ UHODWLYHO\ VLPSOH PHWKRG SULPDU\ XQLWV ZDV DSSOLHG
'"HULYHG YDULDEOHYV VXFK DV FDUERQ VHTXHVWUDWLRQ DQG SUF
ZLWK WKH RWKHU YDULDEOHV GRW LHBEK BH VWK R DWDH HR 1P M W3KIRAB
VHUYLFHVY PRUH DSSURSULDWH PHWKRGYVY PD\ EH GHYHORSHG W
RWKHU JHRJUDSKLF VBOIVWGVRHWERGRU)BURWHWWUDO VHUYLFHYV
FXOWXAWEBLRGLYHUVLW LQQRYDWLYH SUR[\ YDULDEOHYV DQG HVW
The default settings of the Zonation software program (weight and cost) were used in this study.
For widespread applicability, these values must be determined by suitabledsneflust may be
estimated by building up the management costs of conserving an ecosystem. Weight may be estimated
by social investigation, such as an economic survey or questionnaire about the value of the ecosystem.
In a more practical context, discusssasbout an offset system for development have begun, and
many studies related to the design of such an offset system have been performed. Offset systems
focused on conserving natural land uses or biodiversity have already been introduced in the United
Staes, Australia, and marguropeancountries The authors place a special focus on offset systems
based on assessing ecosystem services because the methodology for such a system provides not only
onsite offset (offset sites located near the developmen} biie also offsite offset because the
similarity of ecosystems is assessed by the supply of ecosystem services from the target ecosystems.

CONCLUSION

7KH DXWKRUVY SUHYLRXV ZRUN UHYHDOHG D GUDVWLF FKDQJH L
(Ooba and Hayashi, 2014). This study included not only a quantitative evaluation of ecosystem
services but also an integrated assessment of ecosystenesémnvihis area. The supply of ecosystem

services decreased along with the decreased area of green space. A high supply of ecosystem services
present in the marginal area of Nagoya city in 1955 disappeared, while in the eastetoss of

ecosystem seices was relatively low. Conservation priority maps created using Zonation software

were presented, which is helpful planning for green space and-evisleiating system in the studied

area.
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