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1 ABSTRACT

The spatial equity of urban public facility is amportance issue in urban sustainable planning
development.The achievement of equity in the atlonaof urban public facilities is a goal of paraumd

importance to urban planners, who must analyzehehneind to what degree their allocation is equitabl

Previous studies that have evaluated the servidgati urban public facilities often employed ssdical
indices such as total public facilities area, pulfdicilities area per capita, and number of pufduilities.
However, most of the urban public facilities withiiainan are typically located in the outer areas this
inconvenient to access. Consequently, frequentrtymities to patron these urban public facilitiesré been
relatively minimal and inequitable. Most spatialitg studies continue to be limited to the useanfjé-scale
aggregate data, which frequently does not capthee ricro-scale problems of social groups and
neighbourhoods. Use of aggregate data for the atialu of spatial equity also entails methodological
problems—the main one being the ecological fallacyhe modifiable areal unit problem (MAUP). The
scale effect of the associated modifiable area problem (MAUP) is also important for the analysis
public facility allocation—spatial equity.

In this study, focuses on the city of Tainan, Taiwavaluates the current sustainable policy angqses
facility allocation to achieve a truly spatial @able , which is compare with two scale and indéed equity
indices with which planners can analyze the retatipatial equity of facility allocation are pressht
integrating GIS and spatial analysis models , whicimprovements in the construction of infrastametand
socio-demographic databases, and help alleviat®#igP that affects the results of two zone-baseatiap
analysis.

Finally spatial equity evaluating and the techngueentioned above in the empirical study, we finai t
spatial equity of public facilities is more unevim the aggregated level than for the disaggregbeeel.

Consequently, we must also consider the spatiatyeqtithe entire and individual public facility siem.

Implications for the sustainability of the city Wile analyzed and discussed.

Keywordpp Spatial Equity, Modifiable Areal Unit Biem (MAUP), Geographical Information Systems,
Spatial Analysis Models

2 INTRODUCTION

One of the most important issues in the study atiapequity of urban public facilities allocatios to
improve in the quality of the urban environmenbn@ds and Kirby, 1982; Kirby et al., 1983; Pinch849
Smith, 1994; Hay, 1995; Talen and Anselin, 1998ry©rpk, 2000; Omer, 2006). However, planners have
been unable to give spatial equity a comprehensiauation, for spatial equity has not heretofoeerb
readily operationalizable (Kinman, 1999). Specificageographic scale is an integral componenthia t
research on spatial equity. Most spatial equitydis& continue to be limited to the use of largdesca
aggregate data, which frequently does not capthee ricro-scale problems of social groups and
neighbourhoods. As a result, a growing body of wak begun to identify the conflict between thealoc
scale, the level where an environmental probleexperienced and is of grassroots interest, antribeder
geographic scale, the level at which the discoofsspatial equity can be politically addressed {dgr
1996; Kurtz, 2003; Towers, 2000).Besides the ggugcascale is an important planning issues of apati
equity, another is most studies usually focusesrdy one type of public facility allocation and ges the
relationship between other public facilities, inoat reveal the inter/intra effects of overall paliacilities

on urban residents. Furthermore, there has beer attantion paid to the different geographic sedfect

of facility service distances and spatial accesfatilities opportunities on comprehensive pubécilities
about spatial equity drawn from previous studied urblic facility policies. Consequently, the aifrspatial
equity research is to ascertain whether the digidh of public services is equitable and corredangth
observed socio-economic spatial patterns (Talem&ehin, 1998; Omer, 2006).
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As any geographical analysis of spatial equityhis tontext relies on a measure of access to sshicis
important to gain an understanding of the sensjtidif the conclusions from conceptualization and
measurement of accessibility. Typically, accedsasely defined on the basis of a simple countoflities

or services by some geographical unit, without rega factors such as spatial externalities, thectire of
the transportation network and choice behaviorafdllers, the frictional effect of distance, pradjes of the
supply side, and measurement issues related téathe-scale of analysis. Such lack of attentiorthi
regional facility level and neighbourhood facilitgvel are to make different benefit result with the
aggregrate data. Furthermore, use of aggregate fdatéhe evaluation of spatial equity also entails
methodological problems—the main one being thecggodl fallacy or the “ecological inference profie
(Openshaw & Rao, 1995; Wrigley, Holt, Steel, & Timaar, 1996)—that impact on the reliability of the
results. This problem is strongly related to thedifiable areal unit problem (MAUP), which stemsrfro
using aggregate data sets at different scales tr different geographical partitions (Griffith, Won&
Whitfield, 2003; Nakaya, 2000; Openshaw, 1984; P’'& Scott, 2004; Taylor &Gorard, 2003; Wong,
2003). That is, measurement of spatial distribiaocording to different numbers of areas or adogrth
different geographical divisions of a given numbérareas induces different results. These probleave
been extensively aired in the spatial equity liiema referring the divergent conclusions reachegnding
the extent of spatial inequality of service prooisi(Glickman, 1994; Greenberg & Cidon, 1997; Sexton
Waller, McMaster, Maldonado, & Adgate, 2002; TakrRAnselin, 1998; Williams, 1999; Willis, Krewski,
Jerrett, Goldberg, &Burnett, 2003).

Another focal point of debate is whether spatia@less actually affects the probability of use favdacome
people. More recently, Ong and Houston (2002) fotimat single women who were receiving public
assistance and did not have a car benefited fransitraccess. These residents were more likelg &cbess

the facilities than residents with lower level oértsit access(Frank Tanser,2008llsdona,2006]Yan
Song,2007) .Furthemore, many studie to prove diffefacility systems that choice behavior of tréans]
whether by car, walk, or residential location, fegositive effect on the probability of spatial ess to
facilities opportunities.Many studies have addrdsbes question, especially regarding minority dod-
income populations (see for example Gandy, 2002n&/e€1998). Due to improvements in the construction
of geographic databases and GIS technology, sigmifi progress has been made toward addressing the
issues at hand by making it possible to obtain dnégiolution data in urban locations. Two phaseshEan
observed in this processpp the first is collectmmhigh-resolution infrastructure data; the secoasd
collection of high-resolution socio-demographicadaBeo-referenced infrastructure data on the locatf
urban services, road networks and neighborhood dityaare now available in many countries (Hunter,
Wachowic, & Bregt, 2003), enabling precise estioratdf origin—destination distances at the neighbocdh
level, such as the walking distance between neidifdoal and facilities. However, infrastructure date by
themselves insufficient to assess spatial equitabse when socio-economic and demographic attalaree
made available on the basis of aggregate geogelphieas, a gap appears between the high-resolution
infrastructure data and the aggregate socio-ecandata.

Hence, given the technical progress portrayed,ntea aim of this paper is to present a methodoldgic
framework for using neighborhood-level socio-denagpdiic data in assessing spatial equity as welbas t
discuss regional facility and neighbourhood fagiliieneficial implications and potential affect quasal
equity activism. In the next section, a methodolagypresented for evaluating neighborhood -level
accessibility to urban public facilities based @taded georeferenced socio-demographic and iméretstre
data. Data usability problems with respect to TANAensus of Population and neighborhood data are
discussed in turn. In the third section, this framek is applied to TAINAN with respect to individisa
social groups and neighbourhoods. Implications eifjlmborhood -level socio-demographic data for the
spatial equity discourse and practice are discussée concluding section.

2.1 Spatial equity and accessibility

Researchers of spatial equity dimensions have sphtine social sciences, and their definitions and
ambitions have varied, as do the indicators witlictvithey tried to measure the postulated goal (Kuarm,
1998). For some, spatial equity is just equal actedasic public facilities, measured in dista@mith,
1994; Talen and Anselin, 1998; Kinman, 1999; Ogak;22000), such as accessibility to school, health
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facilities or culture events. For others, spatigligy is more ambitious and would include a chaégobs
and a choice of accessible educational institutions

Also, it would include a choice of cultural ever®t just a local or regional amateur theatre,diffierent
target groups and different age groups (Kunzma®@8) Specifically, this paper evaluates the wytiof
linking the concept of equity with spatial analysfsusers at a micro scale, supplemented by awithdil
resident survey. Here, spatial equity implies tihatre is an even distribution of services in relatio the
needs, preferences and service standards of eamlenmt This paper recommends a spatial analytical
perspective to evaluate suitability of urban pubdidlities in assessing whether or not, or to wdegree, the
distribution of urban public facilities is equitablFirst, it should be made clear that this papsthar
absorbs itself in the so-called equity issues noesdit explore the dimensions of justice, fairness,
propriety in the distribution of travel distancesstead, it addresses relative equity in spatizdtion of each
type of public facility for each inhabitant of tlo#ty.The general connotation of spatial equity hattall
residents should be equally treated, whereverlitieyThis idea is, theoretically, an extended farhsocial
equity. Though its definition has varied to soméeak previous studies have generally emphasized th
relationship of equity and location (Kunzmann, 1998 some research, spatial equity may carry bepad
meanings; for example, it could mean that simitdr ppportunities are offered to individuals fronstaict
regions. In the context of urban public facilitaphing, spatial equity means equal spatial separ&om or
spatial proximity to public facilities among reside. Of the many available means for measuringiapat
equity, accessibility indices have heretofore btbenmost widely used (Talen and Anselin, 1998).

3 PROPOSED METHODOLOGY

3.1 Study Area

Located in the southeastern corner of Eurasia Trasis in the middle of the Western Pacific festadn
islands. It faces the East China Sea to the n6@8 km from the Ryukyu archipelago), the Bashi Cighio
the south (350 km from the Philippines), the Taiv&rait to the west (averaging 200 km from the €bin
mainland), and the Pacific Ocean to the east. ®itliat the western rim of the Pacific Basin, thand plays
an important role as an East Asian crossroad.Tétesly area Tainan is the forth-grade city in Taiwaurt

it's the oldest city which has abundant culturalthge, as the cultural style presented. Tainan €itrently
has 6 districtspp Anping, Annan, East, West-Cent8nuth, and North districts. Annan district was
originally the An-Shun township of Tainan Countyidawas merged into Tainan City in 1946. In 2004,
Central District and West District were merged itite new West-Central district.

Annan

forth
West-Certral
Anping

Fig. 1pp Tainan location

3.2 Spatial equity Measuring Method

It is true that different accessibility measuresympaoduce different spatial patterns of accessybaind,
depending on the concept of access, the distrifaitiequity of public services may vary . The chaogong
them depends on the relevant policy questions odsiagly, the current study considered the charesties
of public service (i.e., public parks) under stuayd the features that each of the five most

widely used accessibility modelspp four distanceeldamodels of Gravity Model, Minimum Distance
Model, Travel Cost Minimization Model, Container pypach ; and Covering Objectives Model. This study
refer to Shen(2005) use the Gravity Model conceps vemployed for the current study to measure
accessibilities of public facility. This measurelled also the facility spatial interaction modslpne of the
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simplest, yet most widely used models .We useckudifft level facility system accessibility measut@s
characterize the spatial structure of the urbailitiacised opportunities. Each individual’'s relatispatial
position, measured in terms of accessibility totaée facility opportunities, is determined jointly

residential location and transportation mode. Tptwa the varia- tions along these two dimensioves,
applied the following accessibility measurepp

5 O * F(G*)
Aauto_ Jz [ Ky X (Cklwalk) ( )W(t)>< f( Qiaumﬂ 1

z- l(t) (qualk)
Awalk _ Jz [ Ky X (Cklwalk) (1-a )W(t)x f( (;Jamoﬂ 2

A.autopp are regional level of facility accessibility farsidents who are automobile drivers respectively,
living in locationi,j=1, 2, ..., N.

Awalk pp are neighborhood level of facility accessipifiir residents who are walk respectively, livimg i
locationi,j=1, 2,..., N.

i) is the number of estimated facility opportuniteesilable in location ; j=1, 2, ..., N
f (C auto f (C; auto

( ! ) and ( ! ) pp are impedance functions for automobile drivaerd walker, respectively,
traveling between i and |

% is the percentage of households in location kdiaa at least one car

kY pp is the number of residents living in locatioatkime t; k = 1, 2,..., N

Urban facility opportunities considered here wesmnddit in regional facility and neighborhood faisjli
service. The last two categories are most likelyo¢osuitable for welfare recipients who have re&dy
different socio-demographic groups.

3.3 Facility Categories and Service Weights

The public facilities in Tainan include 12 typesfaé€ility, facilities Service Radius and weight$able 2).
The public facilities serve those in the main @ustmore readily.Numerous medium-sized cities fadsgic
facility equity issues as they grow rapidly and ameable to satisfy the needs of their increasing
populations.Tainan is a typical growing medium-dizdty. It is situated in southwestern Taiwan, asve
175.6456 kmz?, is divided into 243 neighborhoods] bad a total population of about 76,4147 in 2Q07,
density 4,350.50/ km?, and a convenient road nétwor

Types Level Categories Service Radjwseights
(meter)

Sanitary | Regional level Hospital 2500 2.5

Facilities

Amenity | Neighborhood leve| Green belts 400 0.4

facilities Neighborhood | 600 0.6
parks

Regional level Community parkg 1600 1.6

Municipal parks | 2400 2.4
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Educate | Neighborhood leve| Elementary 600 0.6
failities schools
Junior high| 800 0.8
schools
Regional level University 2500 2.5
culture Neighborhood leve| Library 700 0.7
facilities  "Regional level Cultural center | 1500 15
Prevent | Neighborhood leve| Police office 1200 1.2
facilities Fire bureau 1200 1.2

Table3. Facilities Types and services weights

3.4 Data Sources and Preparation

The City of Tainan has comprehensive data souhzsmake it possible to conduct accessibility anilip
services utilization studies at a census-based. |&he data sets utilized for the current study femen five
major sources and facility points and census distion on neighborhood Districts (see Table 3 ag2)f It

is situated in southwestern Taiwan, covers 507 fahes, is divided into 18 townships, and had al tota
population of about 66,200 in 2003, served by #nat airport, two railway stations, a freeway neteange
and a convenient road network.

The primary data sets are mainly GIS lines andr thertinent attribute tables are from the goverment
website of Taiwan. ( httppp//www.cpami.gov. tw/wiedex.php) To enable spatial statistics to be deed
analyzing socio-spatial equity, the data for eashsas unit had to be explicitly associated with gpatial
unit in the GIS database. The configuration of ¢easus areas in the census geography is recordét on
CPAMI(Construction And Planning Agency Ministry @he Interior) of the Census file. The boundarysfile
of the census units are available from selectecergdimed extracts from the Census Tainan's CPAMI
geographic database designed for use in a Geogrhygfbimation System (GIS) or similar mapping syste

or these files can be downloaded through the ESRIr&mental Systems Research Institute. The dpatia
and statistically available attribute data werantfeéned together to form single tables of inforimatwithin
ArcView software.The second data source is the ZD&7sus from the Tainan’s CPAMI of the Census. The
Census data to be utilized in the analysis of thetg of the public facility were obtained from tveources.
Most of socio-demographic data for stratifying aengracts and other census units were from thefS1 o
Census 2007. These were then disaggregated tevéledf census block, the smallest census unitablei
The remaining economic data, such as median holgsetomme, were from the E2 of Census 2007.

Sources Data Type Format
Travis Central Parcel GIS Attribute Table Table .dbf file
Appraisal District| (owner's name & address)
(TCAD)
Austin GIS data set City Boundary (full) Point .shp .shp
Public facilties .Point (city) lines Line
Administrative Districts| Polygon
Polygon .shp
Neighborhood Districts
Polygon.shp
Street Center-lines Line .shp
2007 Census CPAMICounty Boundary CensysPolygon .shp
data Tract Boundary
Social Groups Boundary
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2007Census S1 Socio-demographic data Table ldbf fi

2007 Census E2 Economic data Table .dbf file
Table 2. Data Types and Sources
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Fig. 2 Distribution of Facility points and populati pattern in Tainan neighborhoods

4 ANALYSIS RESULTS

4.1 The benefit of different level public facilities aralysis

First, we analyze equity of public facilities in iflan from the point of descriptive statistical ailyic

facilities benefities for each regional facilitieed neighborhood facilties levels, respectivelyhVéespect to
the facilities benefite level, every type of pubfaxility sums obvious spatial inequity, and wedfithe
relatively high quality neighborhood, where havéfisient both the regional and neighborhood faie#t

Neverless it can't consider the spatial distant¢eadly affects the probability of use for residemfig. 3.

THE BENEFIE OF REGION AL LEVEL
o

]1-40

B 41-70

71 -104

B 105 - 168

B 169 - 264
]

I Miles
|

The benefit of neighborhood level The benefitagfional level

Fig.3 The benefit distribution of neighborhood aadional facilities in Tainan
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4.2 The spatial equity of different level public facilties analysis

The spatial equity identifies general patterns afeasibility, particularly spatial equity variancesd areas
with low quality of life. Although employment of sb measures can be quite beneficial and evenatritic
when the mapping covers large geographical areas/hmn the data is highly sensitive, they imply
aggregation, which demands concessions to accuféty.figure shows that the patterns produced ley th
different public facilities level index are clearand therefore enable better identification of @s
displaying varying accessibility. Nonetheless, trenefits of aggregation in the context of the rigit
privacy will be illustrated further below regarditite geographic distribution of income and accdggiln
Fig. 4

[lie spatial squiny distribation of
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Fig.4 The spatial equity distribution of regionadaneighbourhood facilities in Tainan

4.3 The correlation of spatial equity and disadvantagedroups analysis

Previous research in Taiwan has identified cleaquities in public service allocation to disadvaeth
groups. The above findings about the different@ess by disadvantaged groups identity must comeslde
with caution due to the limitations of the quaritita approach applied in this study.We chose tgitiate
evaluation of spatial equity experienced by sadishdvantaged variables in Tainan, to analysisahiglents
with lower level of transit access the differentdefacility system. In this study, the results wisdhe maup
problem can effect the benefit distribution of thHferent level facility and the correlation betwegcome
and access to nighbourhood level facilities wasiSaantly positive for the criterion amount of s
equity of neighbourhood facilities (0.422) and #igantly negative for the regional level faciliti€-.583) in
Fig. 5. In the future suggest to sensitivity defon of different level facilities does not considactors such
as facilities type, maintenance, safety, which migfiuence the quality of spatial inequity.

Social disadvantaged correlation  The spatial equistribution of
neighborhood facilities
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Fig.5 The correlation of spatial equity and sodiashdvantaged groups in Tainan

5 CONCLUSION

The paper presented a framework for measuring megitevel and neighborhood level accessibility of
individuals and social groups to public servicesdobon detailed geo-referenced socio-demographguse
data. This framework was found to be effective ssesmsing spatial equity in the provision of différevel
facilities in the city of Tainan.

It was also found useful for assessing the seitgitof neighborhoods level and regional-level fiagi
measurements to spatial inequity.The empirical @utes show that the sensitivity method allows users
easily understand the characteristics of spatialtgdn urban public facilities for both neighbord and
regional levels, and to find significant differescéetween urban public facilities. From accessjbili
opportunities concept and the techniques mentiahede in the empirical study, we find that spagiglity

of public facilities is more uneven for the regiblevel than for the neighborhood level. Conseqlyente
must also consider the spatial equity of the emtirelic facility system. Finally, further reseaismeeded to
assess the effectiveness of local-scale informdtipspatial equity discourse and practice. Improgats in
the application of detailed geo-referenced GIS ,daigether with the development of mechanisms for
safeguarding privacy, are likewise necessary.

6 REFERENCES

Griffith, D. A., Wong, D. W. S., & Whitfield, T. (@03). Exploring relationships between the globa eegional measures of spatial
autocorrelation. Journal of Regional Science, 43{g),683—710.

Gandy, M. (2002). Between Boirinquen and Barriopp mmental justice and New York City’s Puerto Ri€aammunity, 1969-
1972. Antipode, 34(4), pp.730-761.

Frank T., Brice, G. and Kobus H., 2006, Modellingl amderstanding primary health care accessibifity atilization in rural South
Africapp An exploration using a geographical infation system, Social Science & Medicine, Vol 63.691-705.

m : - REAL CORP 2009: CITIES 3.0 — Smart, Sustainable, In tegrative
REAL m Strategies, concepts and technologies for planning the urban future

TIES 3.0




Chin-Hsien Liao, Chang Hsueh-Sheng, Ko-Wan Tsou

Hillsdona, J. Panter, C Foster and A. Jones, 2006 ré&lationship between access and quality ofrugoaen space with population
physical activity, Public Health,Vol 120, pp.1127-32.

Hay, A M (1995) Concepts of equity, fairness argtie in geographical studies.Transactions of isétute of British Geographer
20, pp.500-508.

Hunter, G. J., Wachowic, M., & Bregt, K. (2003). Umstanding spatial data usability. Data Scienceniu2(26), pp.79—88.Jones,
B. D., Greenberg, S. R., Kaufman, C., & Drew, J. (39%@rvice delivery rules and the distribution addl
government servicesppthree Detroit bureaucraties.Journal of Politics, 40, pp.332-368.

Pacione, M. (1989) Access to urban services—the chsecondary schools in Glasgow. Scottish GeddrapMagazine 105,
pp.12-18.

Ko-Wan Tsou, Yu-Ting Hung and Yao-Lin Chang(2005). #ccessibility-based integrated measure of relapatial equity in
urban public facilities. Cities. 22, pp.424-435.

Kirby, A, Knox, P and Pinch, S (1983). Developmentpublic provision and urban politicspp an ovewiand agenda. Area 15(4),
pp.295-300.

Kinman, E L (1999). Evaluating health services ggat a primary care clinic in Chilimarca. Bolivia@&al Science & Medicine
49(5), 663—-678.

P'aez, A., & Scott, D. M. (2004). Spatial statistfor urban analysispp a review of techniques eithmples. GeoJournal, 61, pp.
53-67.

Omer, |. (2006) Evaluating accessibility using heiesvel datapp A spatial equity perspective. Comsutenvironment and Urban
Systems 30, pp.254-274.

Ogryczak, W (2000) Inequality measures and equatapproach to location problems.European Journ@pefational Research
122, pp.374-391.

Openshaw, S., & Rao, L. (1995). Algorithms for rejieeering 1991 census geography. Environment azichitig A, 27, 425-446.
Smith, D M (1994). Geography and Social JusticacBlvell, Oxford.

Talen, E and Anselin, L (1998). Assessing spatijaitgpp an evaluation of measures of accessilidiyublic
playgrounds.Environment and Planning A 30, pp.593-6

Shen, Q., Thomas, W., S., (2005) Residential Lonaficansportation,and Welfare-to-Work in the Unigtdtespp A Case Study of
Milwaukee. Housing policy debate, Vol.16, issues.3/

Sexton, K., Waller, L. A., McMaster, R. A., Maldorads., & Adgate, J. A. (2002). The importance ddtsgd effects for
Environmental Health Policy and Research. HumanEnudogical Risk Assessment, 8(1), pp.109-125.

Taylor, C., Gorard, S., & Fitz, J. (2003). The matife areal unit problempp segregation betweendistamd level of analysis.
International Journal of Social Research Methodalégd¥), pp.41—-60.

Wong, D. W. S. (2003). Spatial decomposition ofreggtion indicespp a framework toward measuringegggion at multiple
levels. Geographical Analysis, 35(3), pp.179-184.

Wrigley, N., Holt, T., Steel, D., & Tranmer, M. (26). Analyzing, modeling, and resolving the ecotagfallacy. In P. Longley &
M. Batty (Eds.), Spatial analysispp Modeling in &&nvironment, Cambridge UKpp Geoinformation Int&amal.
pp. 25-40.

Yan S. and Jungyul S. , 2007,Valuing spatial adbiisg to retailingpp A case study of the singknfily housing market in

Hillsboro, Oregon ,Journal of Retailing and Consu®ervices, Vol 14, pp.279-288.

ProceedingREAL CORP 2009 Tagungsband ISBN:  978-39502139-6-6 (CD-ROM); ISBN:  978-395021B8  (Print) E
22-25 April 2009, Sitges. http://www.corp.at Editors: Manfred SCHRENK, Vasily V. POPOVICH, DIBNGELKE, Pietro ELISEI



