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1 ABSTRACT

The creation of liveable, healthy, and prosperaitiescis, quite simply, a matter of proportion. drb
agglomerations are partitioned or nested into d @fifunctions and spaces, of which ecologicalchat
structures are a vital aspect of human-environnhesutstainability. This paper examines the how deci
types of ecological patches exist and perform withiban agglomerations. Patches are describable by
“landscape signatures” containing attributes suglomigin, contrast, age, size, and shape and ase h
characteristic and measurable “environmental resgginsuch as biodiversity and —GHG. Following Atber
(2008) and others, a general approach to studiiagxistence and performance of patches is dewetlape
the scale of the city or larger metropolitan regibhe emphasis in this paper is to show how exjsimd/or
alternative “emergent patch structures” contribiotehe overall human-environmental quality of lifeith
particular attention paid to the size and shapgatéhes. Because context matters, both the owagpitbach
and the proposed methodology are illustrated fersgecific instance of Warsaw, Poland.

2 THE RECOGNITION OF HUMAN-ECOLOGICAL ECOSYSTEMS

The sustainability movement has placed an artifigedge between human needs and environmental .needs
Analytical models associated with the sustainabitibvement simplify either the human dimensiongach

an ecological conclusion or simplify the ecologidathension to reach a human conclusion. For exartime
classic economic models based on the Alonso biddgnamics do not consider the environment at all;
conversely, urban ecosystems models such as tleestoged by Odum and follows tend to simplify human
needs, wants, and behaviors. To overcome theseodwtiyical dilemmas and to foster an understandfng
the human-ecological interface as an integratedesysa series of research efforts are underway that
emanate from the landscape ecology research comymukberti (2008) and others have develop an
integrated human-ecological model of urban ecoayste

Urbanization changes land use from a formerly imeseécological regime to another regime. In so goihe
process of urbanization fragments the earlier exteay. The resulting urban eocystems are “heteroicop
ecosystems” — dependent on large amounts of erergynaterials and a vast capacity to absorb emissio
and waste. But, detailed knowledge about this dlvgrlaenomenon is lacking, due in large part to
methodological inconsistencies among studies. Alllaed others have asked the general questiohere &a
relationship between patterns of urbanization amdrenmental performance. For planners, the angwer
this question must be YES! It defines their positio society. Yet, scientists, for a number of cees have
yet to confirm this conclusion, due in large partfaulty thinking and the failure to recognize theale
implications of their work. The basic conclusioacked by Alberti (1999) and others is: we don'twn8ut
this conclusion is argued within a context of tleedh for further, longer lasting, research.

This paper is organized as follows. In the nextisecwe review the major theoretical treatmentshef
human-ecological interface, focusing on both systehinking and the conceptual and methodological
advances within the landscape ecology researchitrmdWe then briefly describe the ecological amtdan
development patterns in Warsaw. The research prolidesimply to explore the possibility of human-
ecological patch type analysis in the situationVéérsaw. The methodology sections focuses on how
“landscape signatures” are created for our sitnafithe results focus on three individual case s8ida
comparative patch analysis, a gradient analyst$ aasingle-area dynamic analysis. Results are ssedein
terms of similarities and differences. The finalrtps an overview of our results, an assessment of
contribution to the literature, possible recommdintis for the improvement of both planning and real
dynamics in Warsaw, and suggestions for futurearebe

3 ADVANCESIN UNDERSTANDING THE HUMAN-ECOLOGICAL ECOSYSTEMS

The conceptual and methodological approaches tostbdy of human-ecological urban system are
undergoing rapid change. There are two major tlreagstems and complexity, and advances in the
landscape ecology research traditions. The firsudes on how to more appropriately capture thet join
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dynamics of both human and ecological needs. Tleenskfocuses on methodology. Both are briefly
reviewed here.

3.1 Systems and Complexity [+ Ecological Perfor mance]

Advances in human-ecological thinking seem to famughe work of five research nodes: Marina Alberti
at the University of Washington, Nancy Grimm atzama State University (e.g., 2000), Stewart Pickatt
colleagues at the Cary Institute of Ecosystem &tuth New York (e.g., 2001), Mark McDonnell at the
Australian Research Center for Urban Ecology (2@00), and Herbert Sukopp in Germany (e.g., 1985).
this body of work, much emphasis is placed onwie hotions of cities as systems and complexitytie

3.2 Citiesas Systems

Perhaps the most fundamental idea is that citidsegions can be represented as systems. In arsytbiere
are four major elements: drivers, patterns, praesand effects/changes. The dynamic is basicalin f
“inside-outside” but there are two important feezkbb#éoops: one internal between patterns and presess
and one external in which changed conditions leachtinges in the behavior of the drivers. Figuie dn
adaptation of one such model, drawn from Albel®i0& drawn from Alberti et al, 2003).

Effects / Changes ‘=™

*+ Runcff / Erosion
* Hutrient Cycles
Processes
* Economic Markets
* Development
* land Lse
* Land Cover
Patterns =
+ Drainage
* Heat Ishnds
+ Population Growth
. * Economic Growth
Drivers

Infrastructure Investments
+ Topography & ClimatecClimate

Figure 1: Systems Characterizations

Drivers are external events but are of three tygesio-economic forces, natural forces, and planned
interventions. Patterns are mostly physical repria¢i®ns observable at a general scale. Processedsa
physical but are generally observable at diffeseaies.

Effects and changes are differences in the leviesme behavior. None of this matters of coursiefe
were not certain emergent properties of interebis 15 the area of environmental performance. Hewt i
measured? What does it mean? The normal envirommpatformance variables include things such as
clean air, clean water, and more recently, redoaifdGHG and other carbon related things.

3.21 Complexity

Characterization of the human-ecological urbanesysts not enough to capture how such systems @perat
Complexity theory, which underlies most system ahtarizations and whose rudiments can be found in
Nicolis and Prigogine (1997), Portugali (2000), tBg2005) among others, contains a number of inmbrt
concepts including: emergent properties, feedbsalkorganization, and resilience.

An emergent property is a characterization of whatsee or observe at a certain time. It is in @esen
temporally defined “product” of processes at wdtkis a static description. The current patterreither,
depending on one’s point of view: (1) to be chanijezhe is a planner; or (2) to be made sustaingie
resilient). The choice between change and sustéityabsilience is of course the fundamental matwé
ideological debate. Feedback is the general dynamhiogrowth/decline. Feedback can be positive
(reinforcing) or negative (dampening) for the psxender consideration. Note that positive feedlimalot
positive in an ideological sense; the continuingsem of the polar ice cap is an example of pasitiv
feedback. Feedbacks are defined in terms of preses®t net results. Self-organization is an idesd t
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systems, by virtue of carrying out its process wakult in a certain emergent state. More oftem thet,
these are described in terms of agent-based madeadse simple decision rules at the scale of tdevidual
result in patterns at the scale of the aggregatall¥, resilience is the ability of a system taysin the same
regime state (emergent property) while experienahgcks. Moreover, resilience is defined for certai
scales within a system.

3.3 Landscape Ecology

Landscape ecology is generally understood as ikacx of analyzing and improving the dynamics betwe
urban land uses and ecological processes at dyafiscales. There are, of course, a few basingdhat
need to be defined. The first is landscape. leisegally agreed that the word landscape referssieagally
heterogeneous area characterized by diverse ititeyggatches or ecosystems, ranging from the weligti
natural terrestrial and aquatic systems such asst®r grasslands and lakes to human-dominated
environments including agricultural and urban sgii The second is ecology. It is generally agthatithe
word ecology refers to the interdisciplinary stud§ the interactions between organisms and their
environment, or more colloquially, ecosystems. Lsmagbe ecology is the scientific study of the refathip
among pattern, process, and scale, and more readritie need to couple biophysical and socio-enuoo
systems. Wu and Hobbs (2002) suggest that therfivargopics of current interest: (1) ecologicaiMis in
landscape mosaics, (2) land use and land covelgeh#8) scaling, (4) relating landscape patterrlyaisa
with ecological processes, and (5) landscape ceatsen and sustainability.

More specifically, current landscape ecologistsgesg that there are various “signatures”, indeethdn”
signatures in the current landscape. These sigggmtantain elements that can be described and regasu
For example, Alberti (2008) suggests that theseonapt variables include: (1) scale and heteroggnei
(composition, structure, and function); (2) patald aosaic; (3) boundary and edge; (4) ecotonesliaes,
and ecotopes; and (5) disturbance and fragmentation

3.3.1 Theory of the Patch

Patches are the basic units of the landscape. Siheytaneously exist and change. The literaturetiito
the categorization and measurement of patchedustrdted by the work of Mora and Iverson (2002),
Watson (2002), Watling and Donnelly (2006) amortgeat. A patch is normally defined as a discrete afe
relatively homogeneous conditions. We distinguistwieen patch characteristics and patch dynamit¢shPa
characteristics can be defined by/as:

« Shapes and configuration and can be described @itignally by variables such as number of trees,
number of tree species, height of trees, or othtgrbgeneity descriptors.

« Centers.

« Boundaries and/or edges. The zone composed ofdtieseof adjacent ecosystems is the boundary.
Edge means the portion near its perimeter, whdhgeimces of the adjacent patches can cause an
environmental difference between the interior & gatch and its edge. The edge effect includes a
distinctive species composition or abundance. Aajagatches have a boundary between them
which can be either defined or fuzzy.

« Existence of colonization processes, disturbangienes, and succession.
* Scale. Human and biophysical processes have defgadds of impact.

* Connectivity. Connectivity is the measure of howrmected or spatially continuous a terrestrial
place or corridor is. For example, a forested laage (matrix) with fewer gaps in forest cover (open
patches) will have higher connectivity. Particulaih urbanized landscapes, corridors have
important functions as strips of a particular tgbéandscape differing from adjacent lands.

* Networks. A network is an interconnected systerooofidors.

Patch dynamics, which are the processes and clzemgguctuation, normally focus on the spatial stve,
function, and changes in the above set of relatiek$écrete concepts or elements. The emphasis is on
changes in values of any of the variables abovear@§4, if a human-ecological ecosystem is improving
will exhibit, among other things, a stronger centwtter defined edges, resilience, connectivityatger
ecosystems, etc. The key idea is to capture presegxurring over time.
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3.3.2 Ecosystem Services

The concepet of ecosystem services is focused wandags. Alberti (2008, p. 261) suggests five thefoes
observation and/or research endeavors. First, wrbasystems are dynamic, hierarchically structypatth
mosaics resulting from the interactions of humant ecology. Second, urban ecosystems are drivecbatw
multiple states in regard to the amount of urbaiima Third, interactions between socio-economid an
biophysical patterns and processes lead to emepgeperties, such as sprawl. Fourth, the effectsnan-
linear and are found in various levels of distudsand resilience. And, finally, ecosystem functi@me
moving targets with multiple and unpredictable fegi The implications for planning are immense. As
Alberti argues (p. 261), policies that aim to awkiéixed goals cause a loss of resilience and esérkd to
fail.

3.3.3 Urban Landscape Signatures / Typical Measaurenchdries

Three basic concepts create the language of measntepatch, class, and landscape. As before, Hrere
two issues: what to measure and in what methodmbfiamework.

What to Measure

Alberti (2008) suggests that these signatures araposed of two major properties: composition and
configuration; and, four elements: form, densitgiemogeneity, and connectivity. With enough datas i
possible to develop eight sets of measurementseMenyas Alberti herself points out, many of theamees
are joint composition/configuration concepts. Fgdr drawn from Alberti, show some of these measure

Form Density Heterogeneity Connectivity
Land Use (% land in| Clustererd v. Number of Elements| Connected or
certain categories) | Dispersed Dispersed

Overall Patch Densit

Land Cover (%
urbanized)

Fragmententation
(mean patch size)

Shape (circular,
rectangular)

(number of patches
per square unit of
land)

Diversity v. Evennes;

Number of Patches @
Specific Land Use

Number of

5 Interspersion
(distance between
patches)

f Evidence of
Colonization, Other
Disturbances, and/or
Succession

microclimates

Figure 2: Concepts and Measurements
Methodological Frameworks

Four major frameworks to analyze “urban landscageasures” are in common use. Taken together, they
represent a way to observe variations among diffdemdscapes. These methods are: gradients, singge
analysis, networks, and hierarchies. A truly ursaémethodology would use all four methods.

* The gradient method focuses on the human impacecosystems at different distances from the
city center. Gradient methods are similar to the nebanism transect concept — an attempt to look
at certain variables at different distances froroeater. Typically, the categories are things like:
urban, suburban, and rural. Variables typicallyd&d could include things such as microclimates,
nutrient loads, plant distributions, stream healtid richness.

* Single patch analysis is normally used to studyasibns in which urbanization creates
discontinuous patches, which are further modifigthviurther human interaction. The outcome
variables are typically: landscape heterogeneity@mnectivity. So this is an overall measure ef th
place.

* Network analysis focuses on the interactions betwesed among ecosystem components. These
interactions can be proximate, direct, or some rofoactional form. Moreover, the study of
interactions implies that many ecological systems far from random; displaying organizing
principles that are evident at certain scales sbltgion.
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» Hierarchical analysis focuses on complexity theoopstructs applied to urban ecosystems. These
would include concepts such as nested phenomereshtiids, and differential process rates and
spatial extents.

3.3.4 The Size of the Patch ... Matters

The key idea is that urbanization creates discantis and smaller patches, which are further matiifigh
further human interaction. Patch performance, @effim terms of typical variables such as bioditgrstc.
are related to patch size. The general conclusiothat larger patches perform better in terms otmo
environmental variables than smaller ones. ThenfiEagation of formerly large patches into a series o
smaller patches created by the urbanization prodiesiss the ability to the ecosystem to performhégh
levels.

4 CONTEXT: BASIC DESCRIPTIONS OF WARSAW

The Warsaw Metropolitan Region contains approxihge2e8M people and covers an area of 6.1K square
km (approx 2,355 square miles). The City of Warsawtains 1.7M people and covers an area of 517equa
km (approx 200 square miles). It is the 16th larrgestropolitan area and the 9th largest city imteiof
population in Europe. Warsaw is the main employmeade for the surrounding region and over 20% of
employment consists of commuters. Sixty percenhefpopulation lives on less than 10% of the lamda
The average population density is about 3,270 pepso square km (varies from 380 to 9600). The most
densely population portions are in and near theaddtral districts, see Figure 3.

‘ﬁgrw

LR B

Fig. 3: Warsaw: Land Use, Geological, and EnvirontakConditions

4.1.1 Basic Ecological Conditions

Warsaw is located on the border of two geographicits: Warsaw’s Plain and the central part of Mist
Valley, in the center of geological unit called Ma& Syncline. The steep edge of Warsaw’'s Plamngain
landscape feature of the city. The height of thedMla Escarpment ranges from 6m in the northern part

to 25m in the city center, and slopes slightly tmigasouth. The geomorphology of the area was shiped
two processes: glacial accumulation and river erosThe ecological core of the city is the VistMalley;
which although is relatively uninfluenced by antiwgenic changes, the water is very much pollutée: T
whole valley within the levees is a protected Nat@000 area. Complicating the matter is that water
resources are minimal, about 3 times smaller thanaverage in Europe. Another important ecological
feature is the forests, which make 14% of the aiga. The forests remain in either protected giseageral
nature reserves) or are linked to them (Kampindsétional Park, Mazowiecki Landscape Park, and
Chojnowski Landscape Park surrounding the city)geber, natural and semi natural greenery covers
around 23% of the city area.

The basic issue, however, is not the total amoohtany of these features, but how they function as
ecosystems. Green spaces in the eastern and ssiathepart of the city are quite compact and coiotirs
while they are fractured and isolated by urban tigreent pattern in the western parts.
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Ecological problems in the city are: heat islandering 30% of the area (central districts), airlytibdn
caused by transportation and usage of fossil fuelise (65% of population lives in areas where etésel
is over quota), and, fragmented area and lineangspaces, and water pollution.

4.1.2 Basic Urbanization Contexts

Warsaw exhibits a variety of development pattesosye “in conflict” with each other. It contains neamts

of the historical urban fabric, elements of socgllism planning, and some garden type settlemAsthe

economy transitions from an industrial base toraice base, older industrial sites have been ab@a]o
brownfields emerge, the primacy of the capital eyasr and attention is given to creating a globalriass
district and a global brand. Conflicts arise betweeologists and investors — between environmemadls
and human needs, especially regarding developriwsted adjacent to valuable natural areas.

The basic land use pattern does not create astlemture. The major concentration is on the wadberder
of the Vistula River, on the escarpment. The cépter has almost a grid pattern, but it is frageerand
filled by free standing blocks. The city centesisrounded by newer districts built in 60s, 70s 80sl. The
fastest growing districts from 1990 are suburbastridis to the north-west, north-east and soutthugan
employment centers emerge (e.g., Piaseczno tmtlie)sas do planned ring roads and planned agport

5 RESEARCH PROBLEM

The purpose of this paper is to begin to applycitiecepts and measures of the human-ecological agipro
outlined above in the context of Warsaw. Our intento frame and begin to analyze selected ecabgic
issues and areas within the city. Our building klecthe notion of “landscape signature”, describais a
set of statements about both ecological attribates ecological performance. We frame and conduetth
types of studies: (1) the comparison of “landscsigaatures” for two land segments; (2) the compariaf
“landscape signatures” in a gradient-type analgsisfive sections along the Vistula River; and (3) a
discussion of the changing “landscape signaturedanow, the site of a major ongoing development.

Ecological Variable Measurement

Number of Patches Number of Patches in each Stuelg A
Form

Land Use % of Land Residential, % of Land Othepadr, % of Land Natural
Land Cover % of Land Developed

Fragmentation Mean Patch Size

Density

Clustered v. Dispersed Clustered or Dispersed

Overall Patch Density Number of Patches / Arestody areas
Heterogeneity

Number of Tree Types Count

Number of Species Count

Diverse v. Evenness Diverse or Even

Microclimates Yes or No, Describe

Connectivity

Aggregation Grouping: Yes or No

Shape Describe: circular, rectangular, linear
Distance Between Patct Distanct

Connecte Yes or No (to another patc

Table 1: Synthesis of Human-Ecological ConceptsMeadsures
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6 METHODOLOGY

6.1 Definitionsand Terms

The “heart” of this paper is the development ofilébns and terms for attributes and/or elemettiat,

taken together, are capable of describing the Yeage signature” of any geographically-defined.a8eane
of these measures are indicators of individual gz some are measures of a geographically dediresd
see Table 1. So, it is possible, even likely, #rat geographically defined area will have multipégches (or
ecosystems within it).

6.2 Approaches and Definition of Study Areas

Three case studies are developed to begin to adeutinan-ecological “landscape signature” appro@hbhb.
first is a comparative analysis of landscape sigesatin what are a priori, completely differenttsmts of

the overall city spatial structure. The first, nahigielany (because it is in the political distraftthe same
name), is located north/northwest of the urbaneremias a geological topology of glacial heritaayed has
witnessed urban growth and decline. The secondedamawer is located in the southeast portion of the
study area and is mostly pristine, has a geologarmlogy of river valley with glacial accumulati@md is

on the fringe of urban development. The expectatiothat these areas will have significantly diéfier
landscape signatures.

The second case study is a traditional gradierlysisabut instead of areas at different distarfoas the
urban center, we focus on the Vistula River, whighs in a roughly north-south direction through the
urbanized area. Although much of the riverbankratqrted as part of the Natura 2000 plan, we atpea

that landscape signatures will be different asadist from the center increases. We examine both
“upstream” and “downstream” impacts by focusinggoadients in both directions.

The third case study is an example of a “singl@’aamalysis, with a focus on dynamics. The casdysisi
conducted for Wilanow, the current site of a majdsan transformation from rural to urban. From tg-ci
wide perspective, this development is absolutelyrggriate since it is adjacent to existing urbadiaeeas
and reflects an “organic” model of city growth. Netheless, the prior ecosystem is being changed. Th
focus of this study is to explore some of theseadyins. The study areas are shown in Figure 4.

o |

Figure 4: Definitions of Study Areas

REAL CORP 2010 Proceedings/Tagungsband E
Vienna, 18-20 May 2010 — http://www.corp.atEditors: Manfred SCHRENK, Vasily V. POPOVICH, PerILE



Size of the Patch

6.3 Gathering Data for the Warsaw

To present both data and results, a topographiegd of the city at the scale of 1:25000 is used. The
environmental, and where possible ecological, data drawn from two studies produced by the
municipality: (1) Study of the conditions and thieedtions of the spatial development for the cityMarsaw
and, (2) Ecophysiographical study for the city oAMAw. It is important to note that much of thisadia
“environmental” and not “ecological”.

USES:
FORESTS
MEADOWS
GREEN, UNDERDEVELOPED AREAS
PARRS
AGRICULTURAL AREAS
5t FAMILY HOUSING

———  HIST LTIFAMILY RESIDENTIAL
INSTITUTIONS AND SERVICES WITHIN BARK SETTING

—  INDUSTRIAL
——  ABANDIRED AREAS

e — BROWNFIELIS

WATER FEATURES
WARSAW'S ESCARPMENT

Figure 5: Comparative Analysis: Bielany and Wawer.

7 RESULTS
Results are presented in the order identified above

7.1 Urbanized Versus Rural Landsapes

To show the difference between an urbanized lapesaad a more pristine suburban landscape, we Mappe
the number of patches in each of two areas, segd-t This comparative analysis between the Byetand
Wawer regions generally shows what would be expedhe Bielany area contains many more fragmented
patches, patches which are not functionally relédedach other, but indeed adjacent to one anofimess,
for example, there are commercial patches nextdastrial patches. There is no set of connecteeingoe
natural ecosystems (there is a low level of coretrass, there is no apparent network, sizes apgshary
wildly, etc.). On the other hand, the Wawer regiontains a strong single ecosystem. There is agtiore
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to the patch and boundaries are relatively easgentify. Patches adjacent to the main central lpaire
more appropriate to the center core.

While this comparison is, to some degree, extremehvice, the comparative analysis does show how
important “landscape signature” elements vary betwthe two areas. Similar types of studies could be
developed for other comparative areas throughautitly.

7.2 Gradient Analysisalong the Vistula River

Here, we partitioned the landscapes along the MifRiver into five sections (or study areas) startin the
center, and doing a gradient analysis “away” frdre tenter. The basic hypothesis is that ecological
characteristics would vary among these sectionsnEvwough the Vistula is a “wild river”, we expeotsee
different ecological dynamics and processes inetiese different sampled sections.

Patches are identified for each section along itrez,rsee Figure 6. As can be seen, ecologicahpatn
areas three and four are dominated by urbanizesl @sdy area five starts to show more pristine @gichl
areas. The sizes of the individual patches tenthdcease with distance from the city center, aifigd
anticipated from the literature, which is confirmieg our analysis. The green areas along the Visttga
narrower in sections 1, 2, and 3 showing the histpressure for development close to water-based
transportation. Only in section 5 do we find ecatag patches consistent with the expectation oérign
ecosystems.

While the mapping of patches along five differemgrments of the Vistula provides evidence of urkation
effects on the natural water-based ecosystem,duttidrological models are needed to determinerthe
biodiversity and other characteristics of waterdabissues in these ecosystems.

USES:

FORESTS
———  MEADOWS
GREEN, UNDERDEVELOPED AREAS
PARKS
AGRICULTURAL AREAS
SINGLE FAMILY HOUSING
20TH CENTURY AND CONTEMPORAPRY

MULTIFAMILY HOUSING

HISTORICAL MULTIFAMILY RESIDENTIAL
— INSTITUTIONS AND SERVICES WITHIN PARK SETTING
INDUSTRIAL
ABANDONED AREAS
BROWNFIELDS
WATER FEATURES
WARSAW'S ESCARPMENT

Figure 6: Gradient Analysis along the Vistula River
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7.3 Wilanow Project Area

The third case study is an example of a singleidistn this case one that is currently under dewment.
Wilanow possesses both a precious cultural andaldteritage as well as huge development poteritrad.
Wilanow West project is a 420 ha site of post-agtical land that is being developed in accordanith
the overall master plan (see location on Figurdg surrounding landscape is highly natural witgjarity
of open space, the lowest development density irssva and several areas of nature protection.

Under the current development, the status of WikaWgest has been changing from an undeveloped &rea o
fields and meadows, abandoned and growing withrehbivood, to a highly urbanized area with the
development density factor exceeding 1 or everwhigh is typical for a city center. Such a changelves
several effects, especially in the environmentafgomance of the area. For sure the micro-climaié w
begin to exhibit urban heat island, the flow ofrstavater will grow, and noise and pollution willcirease.
Furthermore, biodiversity and GHG absorption withmhatically fall with the elimination of more naalir
habitats. Although the master plan provides arodd® of biologically active area on the buildingslot
which has mitigating meaning, it will be still anthropogenic landscape, designed and built, andliheed
time to achieve full performance.

Finally, it is fair to say that this project, whietill eventually provide housing for 40-50K peoptbat the
impacts on the surrounding areas (that is, theofesie metropolitan region) have not been fullgessed in

8 CONCLUSIONS/EXTENSIONS

Our summary comments are presented here in outforad due to space limitations. The final partis
overview of our results, an assessment of contdbuio the literature, possible recommendationstifier
improvement of both planning and real dynamics iar¥sw, and suggestions for future research.

We have shown how the mapping of human-ecologiatdhes leads to different landscape signatures for
different types of geographical areas. Both in teeestrial comparison and in the riparian gradient
significant differences were found and illustratéthe human-ecological approach seems to offer t@rbet
way to consider human impacts on the environmedtemvironmental impacts on urbanization that either
does from a singular perspective.

We have attempted to develop an empirical apprbasked on the theoretical and conceptual literafime.
some degree, our attempt was limited by the lackrwé ecological data. The important point is that
environmental features are not ecological dataldggois the science of interactions and transastiomt
merely counts.

So, it follows that the major recommendation is phesuit of more sophisticated ecological data aets
models that capture the human-ecological interasti®Ve have barely touched the surface in thismpape
full analysis of the human-ecological model for &w would take years of concerted effort. This cakh
to begin that effort.

Finally, with regard to future research, we seedbe¢ous need for a more sophisticated model baretie
approaches outlined here. The model would ovedantified patches with their environmental condisip

in order to examine their interactions and fundtigiWe would have liked to have been able to say, f
example, “there is a need for a network structarggfeen areas in or near Wilanow”. But, the daiz the
existing models do not yet permit such statemdntsur opinion a complex patch model of the cityuleb
help to solve the conflict between human and enwirental needs, and let the city develop in a more
sustainable way.
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