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1 ABSTRACT

HARA is a land-use model that uses a search algorio find the optimal spatial allocation of newuking
demands in an urban plan area. In the model, Hregrea is represented as a grid of cells. A deraent of
the algorithm is a function that is used to evaudie value of a cell for each possible land-usergits
location. The value function is specified as thevadue of a (housing) development given the lapsis; the
construction costs, and the market value of theeldgment at a location. Specified in that way, gbkition
generated represents an optimum as well as a magk@tbrium (maximum net value for developers). A
critical prerequisite for this is, however, tha¢ tralue-function is specified such that it accuyatepresents
buyers’ willingness-to-pay for dwelling and locaticharacteristics in the housing market. In thisgpawe
show how the value function can be estimated usaupnic price analysis. The analysis is carriedbasgtd
on a large housing transaction data set focusingywonmedium-sized cities in The Netherlands comibine
with detailed land-use data of these areas. Althaufull set of land-use types is taken into actosyecial
attention is paid to the classification of urbarear space, given the purpose to analyze scenamios f
developing urban green space. The results indibatdand-use effects on housing prices differ marably
between housing types as well as city. We concthdeefore that it is important in the estimationlarid-
use models to take the specific local conditionsafsing markets and housing segments into account.

Keywords: Land use allocation, Hedonic price metitdalsing, Urban planning, decision making model

2 INTRODUCTION

Urban green space (UGS) attracts more and moriatieas a means to release urban area climatéspisb
given its variety of climate functions. Many stuslieave proved that UGS has great potential to wihl
heat, hydrology, biodiversity and air quality prems. Also, UGS can improve the quality of the liyin
environment for inhabitants by providing open spaceelaxation, exercise and pleasant scenery.vahe

of UGS (e.g., as park or lake) for creating a @eadving environment is also reflected in theuebf real
estate properties in the neighborhood. Purchademsmlential properties, for example, are willitogpay
more for dwellings that have an attractive greeighimrhood environment as shown by many studies
(Engstrom & Gren, 2017; Huang & Yin, 2015; Jim, 30Kong, Yin, & Nakagoshi, 2007; Baranzini &
Schaerer, 2011; Diewert, de Haan, & Hendriks, 20GYen these advantages, urban planners generally
seek proper ways to make current cities more céradapted by using UGS as a tool. How to develeprgr
space wisely in the city context is, however, nodight forward. Specifically, two main challengesed to

be addressed. One is the costs of development aimlemance of UGS or, when retrofitted in buildings
green vegetation on roofs or facades. Due to theses a conflict may arise in the urban area deveémt
process between stakeholders who are seeking faldrenefits and inhabitants or planners who caug
living quality. The other is the scarcity of spaoedevelop UGS especially in high-density urbaraatee to
demands for other land-uses that must be met. daeity is reflected in land-prices and, therefaisp
responsible for the high costs. These challengeslimit the amount and spatial flexibility of dewgling
UGS.

Spatially, both the UGS climate (cooling effectdaimousing) property market value effects are sfiyon
affected by their spatial allocation pattern (Liakt2018). Furthermore, the climate charactegsticurban
green vary based on vegetation species. Spataiadilbn of UGS therefore should be optimized cagrand
their climate and land economic characteristicseffetts. To support land-use decisions taking azoount
these objectives, in earlier work, we extended rafided the HARA land-use allocation model system (Li
et al. 2018). The model focuses on housing devedopniJsing a function that determines the impact of
locations on the net value of properties, the mggeglerates allocation plans that have maximizedihgu

! HARA is an acronym for Housing-type AllocationResidential Areas
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net value while meeting given demands for diffefemising types. In the process, the model consaléul
range of urban and non-urban land-uses, includifigrent green land-use types and mixing of greed a
built-up area (e.g., green building decorations)Lil et al. (2018) it is demonstrated how the mazhet be
used in combination with a climate effect modekt@luate housing development strategies to relgsse
climate pressure.

Land-use models have a long history in urban amadiadpplanning. A variety of modeling approaches ha
received attention including CA (cellular automatagional economics (Lowry models and derivaticars)
optimization models. Invariably, the models usdassification of land-uses and a particular valugction

to evaluate the suitability of a location for a tardar land-use taking into account interactiomdween
land-uses and accessibility of locations. Obvioufity creating useful solutions the validity of thealue
function is of critical importance. Yet, the empal estimation and validation of value functionsdanly
received very little attention in land-use modelibigually, the models are manually calibrated basethce
validity of the land-use plans generated. An exoepis Ligmann-Zielinska, Church, & Jankowski (2008
who use an empirically estimated land—use allonatimodel to explore feasible land use possibilities.
Hedonic price analysis offers a possibility to mstie the value function in a more rigorous way.e8dnic
price model is able to predict the price level oéal-estate object based on characteristics abbfert itself
and location characteristics, and can be estintzdsdd on transaction data.

In this paper, we consider the empirical estimatibthe land value function used in the HARA mod&k
propose a specification of the value function #rables an empirical estimation of the parametassd on
hedonic price analysis. To create a tool that itasle for evaluating urban green scenarios, theigeity of
the value function for urban green receives spetiehtion. Next, we use a large transaction dettdrem
the Netherlands to estimate the model for two itiethe Netherlands - Eindhoven and Almere. Tlese
cities differ largely in terms of housing marketlagreen land-use characteristics. They were chaseases
to see whether parameter estimates show localreliites between cities. Occurrence of such diffeenc
would indicate that local estimation (and applieajiof land-use models is needed.

The remainder of the paper is structured as folldviist, in the next section we explain the methogyp
used in terms of the land-use model and the hegwide analysis. Next, in the third section, wealié® the
study area and data. Then, in the section thadvisll we discuss the results of hedonic price aisaltys
estimate the value functions of the land-use alionamodel. Finally, in the concluding section, we
summarize the major conclusions and discuss rentpprioblems for future research.

3 METHODOLOGY

To provide a background for the empirical analyki follows, in this section, we will briefly exgih the
HARA model, the value function that is to be estisaand hedonic price modeling as an estimation
approach.

3.1 The HARA land-use model system

HARA implements an algorithm to generate optimaldluse plans, given demands for particular land-use
in a delineated plan area. The algorithm assunwstiie plan area is represented as a regular jGdlis
where each cell corresponds to a piece of landhhsta particular land-use. Land-use allocationsaets
concern decisions to develop current unbuilt-lasotdalled Nature cells) for a particular urban lasd.
Both the value function and allocation algorithra &ocused on housing developments, so that the Imade

be used to generate housing development plans dorea plan area. The user specifies the size @fv\n
demand for each relevant housing type (e.g., stdmuk, terraced houses, apartments, etc.) as wehea
zones available for new housing development. Gthendemands and zoning regulations, Hara determines
which cells are to be developed for which housypetsuch that the best use for each location izeel
given the land-value function. Below we describe thnction used to evaluate land developments and a
method to estimate the parameters based on hotrgingaction data using well-known hedonic price
analysis.

The value function used in Hara has the followiog:
Vijx = Veong, + Vnbh + Vace; )
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whereVijj is the (market) value of housing of tybén cellij, Vconis a constanlynbhis a value component
related to the direct neighborhood of the cell afatcis a value component related to accessibility of
particular other land-uses from the cell. The nea@hood component is specified as:

anhijk = ZheHakh “Nijon @

whereH is the set of all land-uses (nature, the housing4uses and other land-usdsj, is the number of
cells with land-usé in the neighborhood of cefl anday, are parameters representing the marginal value of
h-cells in the neighborhood for a housing land-ks&he neighborhood of a cell consists of the 8 @ha
cells. The accesibility component is specified as:

Vaceij = Z Z Bxnm - Im(Dirﬁn) ‘|‘Z Z Ying " Nijgn
heH m heH q

min

®)

whereH is defined as abov®;, " is the distance to the nearest cell with landtudem cellij, I, is a
binary variable indicating whether the distancésfal them-th distance band (= 1, if it does and O if it does
not), Skhmis the value of having land-usewithin distance bandh for land-usek, Njjqn is the number of-
cells within distancdq from cellij andywnqis a parameter representing the value of the sitxkty of h-
cells within that distance for a housing land-ks&hus, accessibility is measured in two ways {laldity

of land-uses in distance ranges from the cell astéukce to nearest cells with particular land-u¥éisich of
these two methods is most appropriate may depemidedand-use under concern.

The constants and coefficien¥&on, axn, Sknm and yknq are parameters that need to be estimated. We
propose to use hedonic price analysis to estint@eparameters. The impact of urban green on vdlue o
residential property comes to expression in thhajparameters (green land-uses in the direct neigbbd)

and possibly also in beta and gamma parameterggsibdity to recreational green). As the subssript
indicate the values of all parameters are housipg k) specific.

3.2 Hedonic price analysis

Hedonic price analysis uses multiple regressionyaisato estimate the contributions of housingilatties

on the total value (or price) of a dwelling (Ros&874). When demand and supply of dwellings are in
equilibrium, the estimated marginal values represahingness-to-pay values of buyers for the sfieci
attributes (Maslianskaia-Pautrel & Baumont, 208a)ice the analysis of urban green scenarios ieeaap
aim of the land-use model (HARA), the impact of UBG®& housing values is of special interest in the
hedonic price model we develop here. Thereforghissection, we briefly review existing studieatthave
aimed to model UGS and measure its impact on hgusitues through hedonic price analysis.

Melichar & Kaprova (2013) investigate the distamarges in which UGS have positive effects on hausin
prices. Tyrvainen & Miettinen (2000) finds that leny have to pay more to obtain a dwelling with eegr
space view, which depends on the natural envirohmeality and amount. Conway, Li, Wolch, Kahle, &
Jerrett (2010) show that each additional percenthggeenery coverage significantly increases tesing
price. GIS has been used as a tool to determinéenange of spatial factors in a hedonic pricinadei to
explore the urban green spatial configuration ingan residential building prices (Asmawi, Norzaii,

& Tuminah, 2016). Diversity of urban green vegetatiypes and spatial landscape has also been sloown
have added value on dwelling price (Panduro & V&4,3; Franco & Macdonald, 2016) . However, exgstin
research has mostly focused on one single typebainugreen (e.g., a park). In the present studyextend
existing literature by considering a broader raofjerban green types that can be taken into acaodahd-
use models. Furthermore, in our analysis, we mak®naparison between two regions, in order to see
whether local land-use configurations and housingrket conditions have an influence on price
relationships.

3.3 Estimation approach

A complication for hedonic price analysis is thaustural, neighborhood and accessibility variabédate to
different levels of scale - the plot and builditige direct neighborhood and the wider area of thellthg,
respectively. A robust and well-known way of estiimg the parameters in such a multi-level casenis t
estimate fixed effects for locations in a firstpsteegression analysis which are then used as depend
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variable to estimate the effects of the locatiatdis in a second-step regression (Helbich, Brunalez, &
Nijkamp, 2014). Formally, the regression modelstfar two steps are specified as follows. For that-fitep
regression analysis, the model is specified as:

InY;; = Boy + B1H; + BoLi + S + 454 @)

whereY; is the transaction price of a dwellipgat locationi, o, is an interceptH; is a vector of value-
relevant dwelling characteristics (volume, lot sizenstruction year, maintenance condition, eted)/3 is a
vector of related coefficients; is a vector of neighborhood characteristics (arpeeen and other land-use
types) ands, is vector of related coefficient§ represents théixed effect of location, andej; is random
error term. By using the natural log of price apatalent variable, which is a commonly used appraheh
coefficients represent effects as a percentage pr@ease. In this modéeh, captures the price effect of the
location after having taken into account the dwglland neighborhood characteristics.

In the second step, the fixed effects are regresaamtcessibility factors to identify the margiedffiects of
location characteristics. The regression equatiothie second step can be written as:

Si = Boz +P3D; + &2 (5)

where o2 is an interceptD; a vector of location accessibility characterisifs,is a vector of related
coefficients and;, is a a random error term.

This two-step hedonic price model allows us tonesté the parameters of the HARA value function: the
Vconterm (Eq. 1) corresponds fig1 + f1H; + o2, the alpha parameters (Eq. 2)fcand the beta parameters
(Eg. 3) tops with proper handling of the log transformationmfce. Since all parameters in the HARA
model have housing type specific values, the resgrasmodels (Egs 4 and 5) must be estimated housing
type specific. Given limited space, we will onlynsider the first-step regression analysis in thaiegtion
described in the next section.

4 STUDY AREA AND DATA

Figure 1 shows the location of the Eindhoven anuékk cities in the Netherlands. Almere is a plantigd
with 208,000 citizens (2019) in the province ofvelland, Netherlands. Eindhoven is the fifth-largast of

the Netherlands with 231,000 citizens (2019) arczhtied in the south of the country. Eindhoven is an
industrial city in the center of a region that hemia lot of high-tech companies.

Almere

Figure 1: Research areas location (the cities AlraateEindhoven)

The spatial land-use data used for the analysiprangded by the CBS (Central Bureau of Statistinsghe
Netherlands. The transaction data used are provwgidtle NVM, the largest real estate market ageimrcy,
the Netherlands. For the present study NVM-datasfsactions that took place in Eindhoven and Aémer
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from 2014 to 2018 were used. The data-set corsist8813 geocoded housing transactions. Table wsho
the dwelling characteristic variables Hj and neigfilood land use variables Li that entered the hiedon
regression model. Of interest here is the estimatiolocation effects on housing price on the levkethe
neighborhood land-use variables. The land-use thefade all land-use categories that are potemtiall
relevant for housing value and land-use plannirige @lassification of UGS is extensive comparedaftiey
studies. This allows us to estimate housing vaffexes of UGS in a more detailed way than have lubare
so far. Also on the level of other land-uses, werait aware of other hedonic price analysis stutiigshave
modeled neighborhoods in this level of detail. @aeelling characteristics are included as controlaldes.

Dwelling characteristics

Variable Description Measure Expected sign
Log of transaction price Number DV
Area Number +
Number of rooms Number +
Volume of the dwelling Number +
Construction year Old to new (0-9) Categorical -
Lift House has a lift (0/1) Binary +
Heating system No; simple; advanced (0/1/2) Categor  +
Parking space House has a parking space (0/1) \Binar +
Facing direction Good to normal (0-4) Categorical +
Maintenance inside Excellent to bad (1-9) Categbric +

Neighborhood land use variables

Variable Description Measure Expected sign
Shopping area Retail; restaurant; shopping mall, et % +
Industry and office Industry area; business offices % -
Public buildings Museum; city hall; school; hospita % +
Road traffic area Road traffic area % -
Park and sports field Parks, sports field % +
Day recreational area Day recreational area % +
Agricultural Agricultural land use % +
Forest Forest % +
Open wet natural terrain Open wet natural land use % +
River and lake River and lake % +
Other water body Other inland water % +

@ Dependent variable
Table 1: Definitions and descriptive of variablesezing the hedonic model

The land-use variables related to each transactesdlidg are determined based on the HARA land use
modeling framework. Each spatial observation isied by its postcode on a six-digit level and et

by a 100 by 100 meter cells grid. After this, thad-use characteristics of each cell’s direct rmighood
(eight cells) are calculated as the percentageltsf covered by the land-use (Figure 2). The 4tgligstcode

to which each transaction belongs are entered rsnies in the regression equations to estimateixiee f
effects, Si. Eindhoven counts 47 4-digit postcadas and Almere 52.

Figure 2: Transaction cases plotted on the grid im&ndhoven
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5 RESULTS AND DISCUSSION

Housing types are classified into four categor@gsartments, row house, semi-detached and detathed.
hedonic regression model is estimated separatelthéofour major housing types and the two studasr
Eindhoven and Almere. The Enter method was usechanesignificant variables were removed to obtain a
final model specification in each estimation ust® alpha level. Table 2 shows summary statistichef

eight models.

Model City Adjusted R Square N

All Almere .735 8115
Apartment Almere .582 1738
Row Almere 462 4804
Semi-detached Almere .583 1036
Detached Almere .603 491
All Eindhoven .784 10698
Apartment Eindhoven .718 3894
Row Eindhoven .638 4944
Semi-detached Eindhoven .718 1211
Detached Eindhoven .820 559

Table 2: Summary statistics of the eight models

Given the purpose of the present study, we wilufon the estimation results on the level of timelfase
variables. For these variables, Table 3 showsgstimation results for Almere, and Table 4 for Eiodén.

Variable Mean Std. Deviation  Unstandardized Standardized sig
Coefficients coefficients
B Beta
All Shopping area 2.523 11.322 .001 .040 .000
Industry and office 2.188 7.162 .001 .020 .002
Road traffic area 1.984 3.224 .002 .019 .002
Park and sports field 11.129 12.572 .001 .035 .000
Day recreational area .218 2.373 .004 .026 .001
Agricultural .333 2.764 .003 .024 .000
Forest 1.015 4.815 .001 .021 .001
Open wet natural terrain .0162 .730 .007 .016 .007
River and lake .226 2.440 .007 .049 .000
Other water body 4.277 7.752 .003 .078 .000
Apart- Shopping area 9.855 22.245 .003 211 .000
ment Industry and office 3.002 8.906 .005 167 .000
Park and sports field 11.586 15.121 .002 .105 .000
Agricultural 713 4.181 .003 .037 .037
River and lake .834 4.306 .009 .139 .000
Other water body 8.020 12.840 .005 .203 .000
Row Shopping area .549 3.231 .003 .040 .000
Industry and office 1.887 6.163 -.001 -.025 .029
Road traffic area 1.780 3.049 .003 .044 .000
Day recreational area .096 1.737 .006 .050 .000
Semi- Other water body 5.116 7.954 .003 114 .000
det.
Det. Industry and office 1.605 7.525 -.003 -.105 04.0
Open wet natural terrain .088 .685 .035 .102 .003
Table 3: Hedonic price regression results for #meltuse variables in Almere
Variable Mean Std. Deviation  Unstandardized Standardized sig
Coefficients coefficients
B Beta
All Shopping area 4.647 12.371 .001 .029 .000
Public buildings 3.771 9.617 -.002 -.043 .000
Park and sports field 4.235 8.502 .001 .013 .008
Day recreational area .0258 .539 .007 .009 .047
Other water body .220 1.243 .005 .014 .004
Apart- Shopping area 9.633 17.709 .002 .068 .000
ment Industry and office 4.563 9.486 .001 .032 .002
Public buildings 7.023 13.472 -.002 -.084 .000
Road traffic area 8.009 7.122 .002 .040 .000
Row Public buildings 2.004 6.026 .001 .029 .002
Agricultural .523 3.507 .002 .026 .006
Forest 572 3.264 -.003 -.029 .001
Semi-det.  Shopping area 1.708 6.855 .002 .053 .003
Road traffic area 4.335 5.501 -.002 -.040 .017
Park and sports field 4.244 8.628 .001 .039 .017
Forest 1.241 4.895 -.004 -.060 .000
Other water body .223 1.467 .009 .042 .012
Det. Park and sports field 6.305 10.442 .002 .056 006 .

Table 4. Hedonic price regression results for #meliuse variables in Eindhoven
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We will discuss the results of Tables 3 and 4 wébard to the question whether there are difference
between the two cities and within cities betweendy types regarding the neighborhood land-ussctsf
First, for the question whether differences exstween cities, we consider the estimation resuwltsafl
housing types together. In both cities, shoppir@apark and sports field, day recreation areavaatdr all
have significant positive effects on housing prideor the other land-uses, however, there is no
correspondence between the cities indicating that-lse neighborhood effects are dependent on the
existing local landscape and housing pattern.

Second, regarding the question whether there dferafices in the valuation of neighborhood landsuse
between housing types we will consider Eindhovecaasg. We consider the different land-uses in turn.

Shopping area has positive effects on housing @doceapartments and semi-detached housing and no
significant effect for row houses and detached &suSince the pattern is different in Almere (shogprea
only positive for apartment and row), the spedifical pattern of housing facilities probably playsole so
that it is hard to generalize the finding.

Similarly, Park and sports field has positive effean semi-detached housing and detached houdnege Ts

no significant influence on the apartments and hawses. From the overall regression result, thk @ad
sports field land use have positive effects. Thesfiibe explanation is that the low-density expemsigusing
buyers (high-income or family with children segmearte more concerned about the open urban greee spa
for sports recreation compared to the market seghvwarg in apartments and row houses.

Other water body has a low standard deviation indEbven, reflecting the fact that relatively few
transaction cases concern dwellings that possets Weand-use in the direct neighborhood. In segment
where the standard deviation is higher the effegositive. Therefore, it is plausible that ovevediter land-
use has positive impacts on the housing price.séin@ holds for day recreational area.

Public buildings have a positive effect on the @raf row houses, but a negative effect on the poice
apartments in Eindhoven. Since there is no commmatnig for both two cities, we didn’t find signiaait
effect of public buildings. This may be becauseghblic buildings land use type includes so marffecknt
types, such as city hall, hospitals, museums, dshawd so on. And we didn’t specify the type of lpub
facilites. Therefore, since mutiple funtional féteds may affects housing value differently, itddficult to
find a common effect regarding public buildingsaasingle land use type.

Industry and office has a positive effect on thiegof apartments. This land-use mainly refersusifess
and commercial land-use, including creative busireffices and small-scale industry, which are tgihc
located near the city center. Given the naturehtf industry negative externalities such as noiseé a
pollution is not in play. That may explain the g influence on the housing price. The positiiiuience
does not have significant influence on other hayisipes (based on the overall results in Eindhav@a)the
explanation could be that for owners of apartmemsaverage the creative business activities adtieo
quality of the environment in or around the cityte locations.

Road traffic land use has a positive impact on tapant prices and a negative impact on price of semi
detached houses in Eindhoven. In Almere, roadi¢crbfis a positive effect on price of row housesdglaon
the results of both cities, we can conclude tlesome extent, from row house to semi-detachedehdlisre

IS a negative effect. This indicates that the bhadapetween convenience and quietness may differeleet
housing types.

Agricultural and forest are mostly located at tlige= of a city. Only the neighborhoods located ribar
border of the city have agriculture and forest fasd in the direct neighborhood. Agricultural lause has a
positive effect on the price of row houses. Thig/ha an edge-of-the-city effect. Unexpectedly, $bleas a
negative effect on row and semidetached housingstyplowever in Almere, all the natural environment
land use, including open wet natural terrain, adtical and forest all have a positive effect. Imare the
allocation pattern of these nature elements is nmicfe evenly distributed compared to Eindhoven.dden
the negative effect of forest in Eindhoven maylmoa generalizable effect.

In conclusion, shopping area and park and spatd fire two types of land-use environment that heave
positive impact on house purchasers’ preferencessidg buyers’ evaluations of industry and offigablic
buildings, and traffic land use depend on housiymet which may be related to differences in family
situations between housing types. Apartment owpezer industry and office and road traffic areahia
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neighborhood possibly due to convenience and diktyatmosphere, while house owners of lower dgnsi
housing assign more value to public buildings mnieighborhood such as schools and hospitals. étgrie
and forest are located at the edge of the citynaag reflect how isolated the housing locations are.

6 CONCLUSIONS

In this paper we have proposed and illustratedutieeof hedonic price modeling to estimate pararaetea
land-use allocation model. The model focuses orsingu Although all land-uses are taken into account
UGS receives special attention given the intendexl af the model to analyze urban green scenaries. W
showed how a hedonic price model can be specifiefit the framework of the land-use model. A large
housing transaction dataset was used and the @nags conducted for two medium-sized cities in the
Netherlands. Hedonic price models were estimatpdragely for different housing types and a fullgarof
land-uses was taken into account.

The results indicate that UGS indeed has a positileence on residential real estate prices toesertent.
Different UGS types have different impacts on dimgllprices. Comparing the two cities - Eindhoved an
Almere - the results indicate that local differem@xist that are related to specific charactesstit the
spatial land-use arrangement in the two areas. di&dlye some UGS types do not occur in both
municipalities. We also found structural differemda the way land-use affects housing prices batwee
different housing types that may be related toed#ffices in socio-demographic and socio-economic
characteristics. Therefore, the findings indichts tand-use models should be estimated locallyhanding
market segment specific. The parameter estimatesbeatransferred to the HARA model system. In a
follow-up we plan to develop an application of #stimated model to analyze UGS scenarios to sugipert
development of urban greening strategies.
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