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VAROST IDENTITAS
VIETNAM ESZAKNYUGATI

REGIOJABAN

URBAN IDENTITIES OF
THE VIETNAMESE NORTHWEST
MOUNTAIN REGION

FEKETE ALBERT | DAM THU TRANG | DANG VIET DUNG

ABSZTRAKT
Vietnam északnyugati, hegyvidéki régidja északon Kina-
val, nyugaton pedig Laosszal hataros, és hat tartomanyt
foglal magaban: Lao Cai, Yen Bai, Lai Chau, Dien Bien, Hoa
Binh és Son La. Ez az erd6k, hegyek, dombok, volgyek,
folyok és patakok foldje. A kulturalis sokszintiség foldje,
ahol tobb mint hisz etnikai kisebbség él, sajat szokasok-
kal és életmoddal, valamint szdmos egyedi tajértékkel,
amelyek meghatarozzak a falvak és a varosi teriiletek taj-
épitészetét. A tarsadalmi-gazdasagi fejlédés folyamataban
azonban ezek az értékek fokozatosan elveszitik eredend6
identitasukat, és helyiikbe 1j, hibrid tajépitészeti megol-
dasok 1épnek, amelyek nem illeszkednek a régi¢ termé-
szeti, kulturalis jellegzetességeihez és tarsadalmi-gazda-
sagi feltételeihez. A kutatés céljai a kovetkezok: 1. A t4j-
épitészet jelenlegi helyzetének felmérése és elemzése hat
reprezentativ varosi teriileten, nevezetesen Dien Bien,

Lai Chau, Son La, Hoa Binh, Lao Cai és Yen Bai, az egész
északnyugati hegyvidéki régio természeti, kulturalis jel-
lemzdinek és tarsadalmi-gazdasagi feltételeinek altalanos
Osszefiiggésében. 2. A taj azonositasara és értékelésére
szolgalo kritériumrendszer kidolgozasa. 3. A tajépitészet
helyi jellegzetességeinek azonositasa. 4. Tajépitészeti
megoldasok javasoldsa az északi hegyvidéki varosi tertile-
tek identitasanak meg6rzése és fejlesztése érdekében. ©
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ABSTRACT
The Northwest mountainous region of Vietnam is bor-
dered to the north by China and to the west by Laos,
including six provinces of Lao Cai, Yen Bai, Lai Chau,
Dien Bien, Hoa Binh, and Son La. This is a land of forests,
mountains, hills, valleys rivers and streams. A land of cul-
tural diversity, with a population of more than twenty eth-
nic minorities with their own customs and lifestyles, and
many unique values that determine the landscape archi-
tecture of the villages and the urban areas. In the process
of socio-economic development, however, these values
are gradually losing their inherent identity and being
replaced by new hybrid landscape architectures, which do
not fit the natural, cultural, characteristics and socio-eco-
nomic conditions of the region. Therefore, the purpose
and content of the article is: 1. Surveying and analyzing
the current situation of landscape architecture in six rep-
resentative urban areas, namely Dien Bien, Lai Chau, Son
La, Hoa Binh, Lao Cai and Yen Bai, in the general context
of natural, cultural characteristics and socio-economic
conditions of the whole Northwest Mountainous region.
2. Developing a system of criteria for landscape identifica-
tion and assessment. 3. Identifying the landscape archi-
tecture. 4. Proposing solutions with regard to landscape
architecture in order to preserve and develop the identity
of Northern mountainous urban areas.

Keywords: Landscape Architecture, Urban
identity, Traditional Townscape, Cultural Landscape,
Landscape Heritage

INTRODUCTION
The Northern Mountainous Region (NMR) in Vietnam has
its unique landscape thanks to the coexistence of natu-
ral conditions and the diversity of man-made landscapes
shaped by the communities of ethnic minorities such as
Thai, Mong, Dao, Nhang, Ha Nhi, and Muong. In the pro-
cess of urbanization and expansion, however, the spon-
taneous urban development lacks strategic planning and
control. Urban landscape planning and design are not in
accordance with the natural and ecological character-
istics [1], leading to a gradual loss of the inherent urban
identities. Therefore, the article focuses on research,
survey and analysis of the urban landscape architecture,
developing a system of criteria for landscape identifica-
tion and assessment, proposing a number of solutions
with regard to landscape architecture in order to preserve

DOI: HTTPS://DOL.ORG/10.36249/4D.67.4184

and develop the identity of the NMR urban areas, as an
important component of Vietnamese Cultural Landscape
and Heritage.

MATERIALS AND METHODS
The methods used in the research are based on compar-
ative research, using field survey, data collection and sta-
tistical analysis and synthesis.

The research is done in three steps. Step 1 is to
inspect, survey and analyze the current landscape archi-
tecture practice for preservation and development of the
identity of the NMR urban areas. Step 2 is to study the
theoretical and practical scientific foundations, includ-
ing theories of landscape analysis and landscape clas-
sification, landscape design, urban planning and visual
perception, ecology and sustainable development of the
landscape. Practical foundations include practical expe-
riences in landscape architecture for conservation and
development of other urban areas in the world and in
Vietnam. The practical foundations affecting the land-
scape architecture in preservation and development of
the NMR urban areas include: the impact of natural char-
acteristics, population characteristics; climate change,
socio-economic conditions [2]. Step 3 is about new propos-
als to build a system of criteria for identifying and assess-
ing landscape architecture, preserving and developing the
NMR urban identity; identifying and assessing landscape
architecture to create an urban identity, and landscape
architectural solutions to preserve and develop the NMR
urban areas.

RESULTS AND DISCUSSION

1. Current landscape architecture

of NMR urban areas
In order to obtain a general assessment of the current
landscape architecture in Northern mountainous urban
areas, the authors selected six cities for the study, which
are large secondary and tertiary cities, capitals of prov-
inces, and have very important and integrated roles,
both in economic and political terms. Each of these
urban areas representing a province has common char-
acteristics with other cities in the province in terms of
natural conditions, culture and landscape values and is
facing more difficulties and challenges in the preserva-
tion and development of urban identity. The six urban
areas are: Dien Bien, Lai Chau, Son La, Hoa Binh, Lao Cai
and Yen Bai. (Figure 1, Figure 2) The study of the current
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Northwest
Northeast

North Central

landscape architecture of these cities is based in the gen-
eral context and impacts of natural, cultural, character-
istics and socio-economic, and political conditions of the
whole region [3].

1. Lai Chau City
The city is located in a rather narrow valley, with its
surface sloping from the northwest to the southeast.
The western and southwestern areas are high mountain
ranges, the North and Northeast are interspersed with
basins, and the South is represented mostly by agricul-
tural use (rice fields and tea hills). The landscape is beau-
tiful and majestic and bears the characteristics of a high
mountain area.

Besides, Lai Chau City has many ethnic groups with
cultural diversity, especially ethnic groups such as Thai,
Giay, Mong etc.

Cultural phenomena such as flea markets, village festi-
vals and local celebrations are imbued with highland eth-
nic culture, represented through costumes, house forms
and other intangible cultural forms and created a special
cultural ambiance. Green spaces, historical, cultural sites
and monuments, water habitats and caves in the city and
its vicinity increase the attractiveness of the landscape.

There is a phenomenon of hills and mountains are
being flattened and demolished to build houses and
farms. The newly constructed squares and large-scale
buildings are disproportionate to the old spatial pattern
and architecture.

2. Dien Bien Phu City
Dien Bien Phu City is located in a diverse topographical
area, including valleys interspersed with low hills, and
large fields. Primary forests, and high mountains with
curved shapes surround the Dien Bien basin valley. The

Red river delta

Border of Northwest mountainous region

vegetation is tropical with relatively high surface cover.
The river system, is dominated by the winding Nam Rom
River, which collects the water flows of the whole basins
and is linked with hundreds of other tributary streams.
Many canals, ponds, lakes spread through the city and
the surrounding areas such as Pa Khoang Lake, Huoi Pha
Lake, creating beautiful scenery. The heritage value of the
city is rooted among others in the system of existing his-
torical monuments such as the Memorial of Dien Bien Ph
victory, Citadel was bult by Hoang Cong Chat etc.

However, urban development is rampant and out of
control. Urban planning with messy architecture and traf-
fic system disrupts the urban landscape pattern.

3. Lao Cai City
Lao Cai City is in the Red River valley area, flanked by two
mountain ranges, the Elephant and the Hoang Lien Son.
The terrain tends to slope gradually from the Northwest
to the Southeast, from the Hoang Lien Son range to the
Red River, and is divided by rivers, streams, waterways,
hills, etc. Lao Cai is located on both sides of the Red River
and it is surrounded by hills and mountains. The city has
three types of terrain: hilly terrain, valley terrain and river
delta terrain.

The natural landscape is in harmony with the char-
acteristics of rivers and water bodies in the heart of the
city. However, the city is divided by the infrastructure
system. The Noi Bai - Lao Cai highway is the dividing line
between the inner city and the suburban area. Urban
architecture has not been harmonised. The downtown
area of Lao Cai City, with its main and secondary roads,
has a herringbone structure, with neighbourhoods char-
acterized by traditional commercial streets with busy
commercial activities (small shops, vendors along the
sidewalk).

4D 67,2-21.(2023)

Fig. 1: The location of the Northwest Mountain Region in Vietnam
Fig. 2: The overall natural topography of Lai Chau, Dien Bien, Lao Cai,
Yen Bai, Son La, Hoa Binh cities
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AN IDENTIFIABLE URBAN AREA IS CREATED BY A SYSTEM OF URBAN SPACES WITH IDENTITY

THE CONTINUITY OF
LANDSCAPE IN MICRO
SCALED SPACE

THE CONTINUITY OF
LANDSCAPE IN MEDIUM
SCALED SPACE

THE CONTINUITY OF
LANDSCAPE IN MACRO
SCALED SPACE

MICRO-SCALED SPACE

MEDIUM-SCALED SPACE

MACRO-SCALED SPACE

MACRO-SCALED SPACE R1 > 1200M: FIELD OF VISION OF MACRO SCALED SPRCE (SILHOUTTE)

3 SCALE OF LANDSCAPE URBAN SPACE | MEDIUM-SCALED SPACE R2 =120M - 1200M: FIELD OF VISION OF MEDIUM SCALED SPACE

MICRO-SCALED SPACE

R3 < 120M: FIELD OF VISION OF MICRO SCALED SPACE

THE SYSTEM OF IDENTIFIABLE SPACES IN AN URBAN AREAS

architectural elements in macro-scaled spacg

MACRO-SCALED
SPACE

In the range of 1,200m and above:
the field of vision is limited:
silhouettes of landscape such as
hills and mountains, rivers and
streams, vegetation combined with
architectural elements to highlight
the spaces...

SPACE

architectural elements
in medium-scaled space

MEDIUM-SCALED

Field of vision of 120m - 1,200m:

- Main traffic route of the urban area

- Riverside route

- Lakeside route

- Village spaces

- Landscape of agriculture and
forestry region

MICRO-SCALED
SPACE

Complexes of featured landscape in micro scale

- Featured landscape: parks - flower
gardens

- Square

- Walking street

- Highlight projects
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Fig. 3: Illustration of an urban area with an identity created by

a system of urban spatial levels with identity

Fig.4: The urban area has an identity that is recognized by the
system of architectural and landscape spaces with the identity in the

field of the vision

Lao Cai City has valuable and significant historical
and cultural monuments such as the ancient citadel and
fortress, etc. and Cam Duong revolutionary historical relic
complex, which is a historical site associated with the
formation and development of the Provincial Committee
of the Lao Cai Party. The monuments were planned and
embellished in order to preserve the fine traditions of the
nation and be a tourist attraction.

4. Yen Bai City
The city is located on both sides of the Red River, with
its topography consisting of a riverside alluvial strip,
an ancient alluvial plain on the riverbed, low hills with
round, bowl-shaped peaks, valleys and streams inter-
spersed with hills and mountains and undulating fields
running along the riverside.

The network of water bodies is rich, with the Red
River flowing through and several lakes, lagoons, creeks,
and streams. Hilly land and forests contribute positively
to creating a typical landscape. The city's commercial
buildings have recently tended to be developed in the
form of modern high-rise complexes, and disrupt the land-
scape. The city's green space and water network is very
large, but it is in a wild and unexploited form, and there
is a lack of parks and flower gardens in the city. Hous-
ing is mainly low-rise, built by the people themselves, but
currently the city is piloting the construction of high-rise
apartment buildings on Nguyen Thai Hoc Boulevard.

Besides, the urban layout of Yen Bai City is scattered
and fragmented, and there is a lack of spatial and archi-
tectural highlights.

5. Son La City

Son La City has Nam La Stream, flowing from the Pac-Mo
Mountain range in the south of the city. The overall topog-
raphy of the city includes high mountains occupying a
large area. The hillside terrain occupies a small and scat-
tered area. Fields are located along both sides of the Nam
La Stream.

Sn La has a rich system of cultural buildings, revolu-
tionary, and historical relics. There are still traditional

villages with typical architecturural buildings, and folk
houses. However, the city is facing the problem where
hills were flattened and ferests were destroyed to build
large projects. The central square is too big, empty and
flat, with a spatial design, landscape design, and architec-
ture not suitable for a high mountain city.

6. Hoa Binh City
Hoa Binh City has a valley terrain lying on both sides of
the Da River, surrounded by hills and mountains. Da River
flows in the center of Hoa Binh City, with both sides of
the river having river valley and mountainous terrains. In
addition to the Da River and the Hoa Binh Lake, Hoa Binh
City also has a number of small lakes such as Quynh Lam
Lake, De Lake, Minh Thinh Lake, and Dung Stream Lake
and Dam.

The entire urban space is distributed within the valley
and there are high mountain ranges of the Da Bac, the Ky
Son and the Cao Phong. Urban space is still scattered and
not very coherent. New architectural buildings, public
spaces were built are not associated with the terrain and
natural landscape. For urban development, higher slopes
will have to be exploited, but the current popular practice
is flatting hills and mountains for construction is a serious
mistake that needs immediate intervention.

Especially, it is necessary to connect the traditional vil-
lages scattered in the Cham Mat, Su Ngoi, which bear the
traditional Muong culture.

2. Building a system of criteria to identify
and evaluate landscape values for
conservation and development of the
identity of Northern mountainous
urban areas
2.1. Criteria group 1: General identification
of urban landscape morphology
An identifiable urban structure is created by a system
of urban spaces with identity. According to Ian Mcharg
(1995) there are three spatial levels to study: Macro-scaled
space, medium-scaled space and micro-scaled space
(Figure 3, Figure 4).
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Table 1: Proposing a scored evaluation based on groups of criteria to
identify and evaluate the landscape values

4D 67,2-21.(2023)

Points
No. Elements for assessment 1 2 3
1 Identification of morphology of identifiable macro-scaled landscape
11 Mountain morphology Lack of characteristics in the Characteristic mountainous Mountain morphology has its own
silhouettes of mountains topography characteristics, possible to determine
and denominate
12 Water bodies morphology Lack of characteristics in the Characteristic in shape, colour or Having own characteristics in shape,
distribution and shapes of static-dynamic nature colour or static-dynamic nature
the water bodies
1.3 Plant morphology Lack of characteristics in the The layouts of plants can be clearly Having characteristics in the layout
layout and colours recognized. and colours
A Architectural elements Featureless, hard to Easy to recognize Having impressive characteristics in
recognize shape, ratio, colour in space
15 Capability to form a systemed The morphology of landscape ~ The morphology of natural-artificial The morphology of natural-artificial
spaces of urban landscape lacks completeness and landscape is quite complete. Thereis = landscape is complete, from the overall
characteristics a link between the overall space and space to details, with a distinctive
its details with a special character local character
Point (1) 5 10 15
2 Criteria for open spaces in identifiable urban areas
2.1 Criteria for macro-scaled space with an identity
211 Morphology of topography Lack of distinctive Distinction of the macro-scaled Mountain morphology has its own
characteristics silhouettes characteristics, able to be named
2.1.2 Morphology of water bodies Lack of distinctive Clearly distributed and easily Having its own characteristics in
characteristics distinguished shape, color, static-dynamic level
2.1.3 Morphology of vegetation Lack of characters The layout and coloration are quite Special in the layout and salient
clear coloration, the ecosystem is diversed
and sustainable
2.1.4 Architectural elements Lack of harmony and impact The shape and layout harmonize Having special characteristics
with the macro-scaled landscape
2.1.5 Continuity of the field of view of The layout and connection The layout and connection of The field of view is uninterrupted; the
the macro-scaled landscape of landscape is incomplete landscape is distinctive and the field layout of landscape is distinctive and
and the field of view is of view is uninterrupted salient
interrupted
2.1.6 Cultural-historical values Valuable Typically valuable Having salient and special values
Point (2.1) b 12 18

Points
No. Elements for assessment 1 2 3
2.2 Criteria for medium-scaled space with an identity
221 Topography Lack of characteristics Distinctive topography, slope, types Characteristic topography, slope, types
of rocks and soils of rocks and soils, sizes, colours
Natural Water bodies Lack of characteristics There are characteristics that are Morphology of the water body,
land- easy to reconize colour, flow velocity, ecosystem have
scape distinctive characteristics
Vegetation Native plants in small quan- More than 40% distinctive native More than 40% distinctive native
tity, unimpressive design plants, unimpressive design plants, impressive design
2.2.2 Architectural elements Featureless, indistinct Distinctive traditional architecture, Architectural forms with attractive,
traditional architecture harmonious with overall landscape outstanding salient and local identity;
2.2.3 The layouts of landscape are The design is discontinuous; Medium quantity; continuous design Large quantity; beautiful and
locally distinctive (water wheels, small quantity and lacks creating landscape identity and impressive design;
bridges over streams multi- characteristics characteristics
layered tree canopy, stilt houses)
2.2 Cultural Urban open space Lack of identity; irregular Locally rooted cultural Special and regular cultural activities
activities for activities characteristics
Relationship with Valuable Typically valuable Outstanding values
cultural-historical
values
22.5 The continuously connected Discontinuous, interrupted Continuously maintained as Continuously maintained as landscape
landscape images create the landscape chains chains
identity of the spaces
Point (2.2) 8 16 24,
2.3 Criteria for micro-scaled space with an identity
2.3.1 Topography Lack of characteristics Distinctive slope, types of rocks Characteristic slope, types of rocks
and soils and soils, sizes, colours
Natural Water bodies Lack of characteristics There are characteristics that are Morphology of the water body,
landscape easy to reconize colour, flow velocity, have distinctive
characteristics
Vegetation Native plants in small quan- More than 40% distinctive native More than 40% distinctive native
tity, unimpressive design plants, unimpressive design plants, impressive design
2.3.2 Architectural elements Featureless, indistinct Distinctive traditional architecture, Architectural types with attractive,
traditional architecture harmonious with overall landscape outstanding salient and local identity;
2.3.3 The layouts of landscape are The design is discontinuous; Medium guantity; continuous design Large quantity; beautiful and
locally distinctive (water wheels, small quantity and lacks creating landscape identity and impressive design;
bridges over streams multi- characteristics characteristics
layered tree canopy, stilt houses)
2.3.4 Cultural Urban open Lack of identity; irreqular Locally rooted cultural Special and regular cultural activities
activities space for characteristics
activities
Relationship Valuable Typically valuable Outstanding values
with cultural-
historical values
2.3.5 The continuously connected Discontinuous, interrupted Continuously maintained as Continuously maintained as landscape
landscape images create the landscape chains chains
identity of the spaces
Point (2.3) 8 16 2/,
Total of points (1+2.2+2.2+2.3) 27 5l 81
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« Macro-scaled space has a wide field of view, in dis-
tance of 1200m or more, to help to identify the overall
landscape features in the form of silhouettes and con-
tours [4]. Identification of the overall landscape fea-
tures at this visual range includes mountain morphol-
ogy, water bodies morphology (rivers, streams, lakes),
natural green tree morphology and architectural ele-
ments with scale, volume, and salient features. In this
context, the morphology of the overall natural land-
scape becomes the backdrop of the landscape of other
areas in the urban area.

Medium-scaled space has an average visibility from
120m - 1200m, [5] within this range, it helps us to
recognize the features of natural landscape, artificial
landscape and activity landscape. Identification of
mountain morphology is the identification of the char-
acteristics of the mountain, such as shapes, slopes,
colours. Identification of water bodies morphology is
the identification of the shape of the water body, the
colour of the water, and even the landscape tipes near
the water edges. Identification of vegetation mor-
phology is the identification of character of line, form,
colour and texture exhibited by vegetation. Identifica-
tion of artificial landscapes is the identification of the
structural morphology of functional areas in the urban
area. Identification of the active landscape is the iden-
tification of typical activities in space.

Micro-scaled space has a clear view within less than
120m: within this range, the details of landscape can
be identified. Identification of topography is identify-
ing of slope, shape, characteristics and colour of the
terrain, types of soil and rock. Identification of water
includes the identification of shape, colour, dynamic -
static nature of the water surface, landscape layouts
with their own characteristics near the water surface
area. Identification of plants is identifying of plant
species. Identification of architecture is about identi-
fying shapes, colours, and formal features of architec-
ture. Identification of active landscapes includes iden-
tification of activities in space, such as colours, char-
acteristics of costumes, voices, sounds and specific
human activities. An urban area is classified as having
identity when the ability to connect spatial levels,
including Whole-Area-Small levels, ensures the con-
tinuity of route in sequence of characteristic images,
without interruption in the range of view.

2.2. Criteria group 2: Assessment of urban
landscapes with an identity
a. Criteria for the identifiable macro-scaled space [6]:
The morphology of the natural landscape combined
with architectural elements must be symbolic, creat-
ing a distinct image. In terms of topography, it is a hilly

10

morphology with distinctive features of shape. The overall
landscape of the mountain morphology can be taken as

a symbol for the area. The water bodies morphology is a
water body with special characteristics, for example zig-
zag shape and the colour of the water with its own char-
acteristics. The colour of the vegetation changes, creating
seasonal effects in the macro-scaled space.

If in the field of view of the Macro-scaled space, there
is a natural landscape form lacking an identity, it must be
added in combination with special artificial architectural
elements in the Macro-scaled space.

b. Criteria for the identifiable medium-scaled space:

The urban medium-scaled space has an identity consist-
ing of landscape units with their own identity and identifi-
able landscape architectural materials, forms, and fabrics.
In terms of topography;, it is necessary to maintain the
natural hilly form, without being flattening. The slope of
the hillside and the rocks of the mountain have distinct
characteristics. In terms of water bodies, the morphology
of the water bodies must have distinctive characteristic,
with static-dynamic nature (fast flowing, calm), the water
surface must have colour (opaque red, clear blue, white...).
At least 40% of the trees on the mountains and hills must
be native varieties. Architecture must have its own char-
acteristics in the form of indigenous traditional architec-
ture, biomimetic architecture, architecture suitable to

the living and production conditions of local people. The
urban landscape must have a linear continuity, uninter-
rupted, making the identification and perception of the
architectural space complete.

c. Criteria for the identifiable micro-scaled space:

The combination of Topography - Trees - Water Bodies -
Architecture has a distinct characteristic. Urban land-
scape design must have an identity with the main compo-
nents of small spaces, such as the ground surface, roads,
urban amenities, public art, architectural highlights, bear-
ing cultural imprints and local characteristics. We should
explore the images of stilt houses, terraced fields, water
wheels, bridges over streams, native trees.

3. Overview of urban landscape

character in the Northwest

Mountainous Region

3.1. Features of natural topography
a. As shown in Figure 5, the general morphology of the
natural topography includes two types. Type 1 is a valley
in a large watershed combined with low hills and high
mountains (Lao Cai, Yen Bai, Hoa Binh cities). Type 2 is
the valley area in the watershed of small streams com-
bined with hills and mountains of medium and high alti-
tude (Dien Bien, Lai Chau, Son La).

4D 67,2-21.(2023)

Fig. 5: Identification of characteristics of the overall natural topography

on plan of the Northwest mountainous urban areas

Fig. 6: Identification of characteristics of the overall natural topography

in the cross-section - silhouette of the Northwest mountainous

urban areas
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FEATURES OF THE MACRO SCALED NATURAL TOPOGRAPHY

Plan form

Overall features
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Son La
FEATURES OF THE MACRO SCALED NATURAL TOPOGRAPHY
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J
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=
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Medium and high-altitude hills and mountains with
high pointed peaks and sharp ridges
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FEATURES OF WATER SURFACES OF RIVERS - STREAMS - LAKES

Plan forms Sectional forms lllustrations
g - Meandered rivers flowing )
pr from high to low altitudes (9)
I - The water is blue in dry season s e
and cloudy red in flooding season (6 o (10) Da river - Hoa Binh Red river - Lao Cai
) - Stream sides have
E landscape complexes
© of pebbles-low plants
@ with shrubs =
S - Stream beds have =
(2] pretty big pebbles "
Ngoi Se stream - Yen Bai Golden stream - Sapa
- Moutainous lakes Form of mountainous lakes - Hydro electrical lakes
g - Hydro electrical lakes Landscape complexes of water surface - hills & moutains - clouds
X Pa Khoang lake - Dien Bien Hoa Binh lake - Hoa Binh
©
- =
. { ) £
= a ) ~ =
' B | -
=/ " Interconnected lakes
- to create landscapes
and water storage
Central lake - Laichau city Dong Tuyen lake - Lao Cai Thac Ba lake - Yen Bai

b. According to the cross-section - silhouette shown in
Figure 6, the general morphology of the natural topogra-
phy includes two types. The first is when the rivers and
streams are combined with bowl-shaped hills and mostly
sharp-peaked mountains connected to form a saddle (Son
La, Yen Bai, Lai Chau cities). The second is when the riv-
ers are combined with mountains of medium and high
altitude, pointed peaks, and sharp ridges (Dien Bien, Lao
Cai, Hoa Binh).

3.2. Features of water bodies

- Rivers of NMR urban areas include large rivers such
as the Red River (Lao Cai, Yen Bai), the Da River (Hoa
Binh) with zigzag and meandering flow from the
Northwest to the Southeast (Figure 7) [8]. The water
colour of the rivers is usually clear in the dry season
and cloudy red in the flood season. Most of the big riv-
ers have terraced embankments on both sides of the
section flowing through the urban areas to avoid the
risk of urban landslide in the flood season.

« Streams and creeks of NMR cities include large
streams such as the Nam Rom (Dien Bien), the Nam
La (Son La), the Ngoi Se (Yen Bai). The stream bed

has rather large pebbles and the stream bank has a
natural landscape, with a combination of pebbles and
shrubs which are characteristic features.

« There are major lakes such as the Dong Tuyen Lake
(Lao Cai), the Yen Hoa Lake, the central lake (Yen Bai),
the Thac Ba hydroelectric lake (Yen Bai), the Pa Khoang,
the Huoi Pha (Dien Bien), the Hoa Binh Lake (Hoa Binh),
the Thuy Son Lake (Lai Chau). These lakes store water,
creating landscapes and generating hydroelectricity.
Therefore, the components creating a very typical land-
scape complex are water bodies - hills - clouds.

3.3. Features of vegetation

in natural landscape
The typical plants of the NMR cities are distributed
according to the elevation of the terrain(Figure 8) [g]. The
plants on high mountain areas often grow following the
Plant Strata form, refer to the various horizontal layers
that constitute a plant community: canopy, understory,
shrub, and ground cover, covering the mountains. Com-
montree species in high mountain areas are: masson's
pine (Pinus massoniana Lamb) fujian cypress (Fokienia
hodginsii (Dunn) A. Henry et Thomas), cunninghamia

4D 67,2-21.(2023)
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Fig. 7: Identification of features of water surface landscapes in

urban areas

Fig. 8: Identification of the landscape of activities bearing the identity

of the Northern mountainous region
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(Cunninghamia lanceolata (Lam.) Hook). The plants on
low hills often cover the hills, interspersed with agro-for-

estry plants such as: acacia (Acacia auriculiformis A. Cunn.

ex Benth), eucalyptus (Eucalyptus globulus Labill), cin-
namon (Cinnamomum cassia Nees & Eberth), canarium
(Canarium tramdenum Dai & Ykovl), tea (Camellia sinensis
(L.) Kuntze). Plants in valleys and river basins are usually
seasonal plants such as bauhinia (Bauhinia variegata L),
peach blossoms (Prunus persica (L.) Batsch), white plum
(Prunus mume (Siebold) Siebold & Zucc), buckwheat blos-
soms (Fagopyrum esculentum Moench).

3.4. Landscape units OR character types

bearing the identity of the NMR
The Northwest mountainous region has unique land-
scape layouts and connectedness with their own iden-
tity [10], including six types of layouts such as the natural
landscape layouts of mountains - streams (water gather-
ing), are located in ravines in the mountainous area with
medium and high altitudes. Natural landscape complexes
of mountains - rivers - valleys are located in river basins.
Natural landscape layouts of pebbles - shrubs - water
surface located in river and stream basins. Artificial

landscape layouts include terraced fields - stilt houses -
streams are located in stream basins and low hills.

These are also landscape of bridges over rivers and
streams. Especially the image of water wheels on the
streams and river banks serving people's daily life and
irrigation is a very typical image of exploitation on natural
energy and natural materials for life.

3.5. Morphology of urban layout
It can be seen that the morphological characteristics of
the NMR cities are mostly organic shapes in harmony
with the natural topographical features of hills, rivers,
streams and valleys (figure g) [11]. It is possible to classify
the layout of NMR cities into 3 types:

@ Striped layout combined with radial development:
Urban development comes from valleys, river basins,
dispersed into radial development interspersed with
mountainous terrain around the valley and part of the
river and is limited by the surrounding alpine terrain.
The urban areas of Lao Cai and Yen Bai have this lay-
out, the urban space develops gradually on the slope
of the hillside, a part of the urban area lies on both
sides of the river.
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® Bowl structure: The city develops in basins at the foot
of the mountain and is limited by the surrounding
high mountainous terrain forming a bowl; the city is
located in a fairly wide and relatively flat valley. Dien
Bien and Son La urban areas have this structure.

® Stripe layout: Urban development lies on the banks of
the rivers and streams in the foothills and is limited by
high mountain terrain on both sides, forming narrow
valleys. Lai Chau and Hoa Binh urban areas have this
structure and develop along river basins in the form of
a stripe.

3.6. Landscape of activities bearing the

identity of the NMR
The typical landscape of activities in the space of urban
areas in the NMR is easy to see through festive activi-
ties of the New Year, at the occasion of harvesting crops
(Figure 10) [12]. The space of activities is very lively and
colorful, presented in traditional costumes as well as
unique cultural activities of ethnic minorities in the NMR.

4. Landscape architectural solutions to
preserve and develop the identity of Northern
mountainous cities

4.1. Solutions to organize the urban landscape
architecture to create the overall spatial
identity of the city

- Zoning to designate areas with characteristic features
of the natural landscape, including mountain morphol-
ogy, water surface morphology, vegetation morphol-
ogy, landscape features of special value [13].

« Identification and classification of the field of vision
according to the A-B-C levels. With type A field of
vision landscape features are promonent and visible
clearly. With type B field of vision, typical landscape
features are visible. With type C field of vision that are
lacks of landscape features.

« Determination of the landscape viewpoint according
to the levels V1-V2-V3 to identify the typical overall
landscape in urban spaces.

« The Vi-levelled viewpoint is the dominant viewpoint
of the field of view, helping to fully and clearly iden-
tify the landscape identity of the overall space. The
Va-levelled viewpoint is a viewpoint that helps to
identify the relatively typical landscape of the space,

14

surface morphology, or vegetation morphology, or the
architectural element of the field of view lacks typical
character. The V3-levelled viewpoint is the viewpoint
that lacks many features of the landscape.

- From the zoning, classification of fields of view, identi-
fication and classification of landscape viewpoints in
the above steps, the next step is to propose solutions
to organize the landscape to create identities for B-C
fields of view and V2-V3 levels viewpoints for clearer
and more typical landscape. The proposed solutions
use architectural elements and planting design to cre-
ate identity by:

o Establishment of more architectural works bearing
special features, local characteristics. In the scope
of the overall field of view, there is a distance of
over 12001, SO it is necessary to pay attention to
the background and silhouette; the architectural
elements need to have a prominent proportion and
volume as the highlight works to combine with the
natural landscape to create and increase the iden-
tity of the overall space.

o

Establishment native tree forms with characteris-
tic colours and combinations to impress and char-
acterize the space; typical plants combined with
earthwork, water bodies and architectural ele-
ments to help increase the identity of the overall
space.

4.2. Landscape architectural solutions

to preserve and develop the spatial identity

at the urban area
At the urban area level, the landscape areas level [14]
(Figure 12, 13) has features to create an identity for urban,
including areas such as: Landscape routes along rivers
and streams, lakeside landscape route, the main urban
axes, peripheral space: residential villages, agro-forestry
production areas: hilly areas where industrial crops are
grown, rice cultivation areas and terraced fields, gateway
area - urban entrance.

a. Landscape route along rivers and streams. Landscape
architecture solutions to create identity for landscape
routes along rivers and streams:
- Establish a smooth route for areas along rivers. Land-
scape routes on both sides of rivers and streams need

4D 67,2-21.(2023)

Fig. 9: The solutions to organize the landscape architecture to create

the overall spatial identity of the cities

Fig. 10: Diagram of landscape architecture solutions to preserve and
develop the identity of the city at the area level

Plan forms

Topography sectional forms
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Type 1

Large river basin
combined with hills
and mountains
(Lao Cai, Yen Bai)

Plate structure
combined with
array structure

The urban develops on riversides and
low hills and mountains

Type 2

Wide valleys
combined with rivers
and stream

(Dien Bien, Son La)

Plate structure

The urban develops on river and
stream sides and evenly in mountainous valleys

Type 3

Narrow valleys
combined with rivers
and stream

(Lai Chau, Hoa Binh)

Strip structure

The urban develops along river and stream sides
at mountain base

ACTIVITIES SHOWCASING NMR IDENTITY

(WS,

Muong A Ma festival - Son La
(Praying for rain festival from lunar Dec to Feb)

TN e

Praying for peace festival in Muong villages-Son La Tea picking festival Moc Chau - Son La
(from the end of lunar Jan to the beginning of Feb) (the end of the year)

because at this viewpoint, it lacks a certain part of
the feature such as mountain morphology, or water

to be connected with each other and connected with
other areas of the city by visual links and viewpoints.

Can Cau market - Simacai (Lao Cai)
(weekly, monthly)

Praying for rain festival of Kho Mu people - Dien Bien
(from the end of lunar Mar to the beginning of Apr)

Can Cau buffalos market - Lao Cai
(every Saturday)

Legume blossoms festival - Dien Bien (lunar Feb)
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ANALYSIS AND IDENTIFICATION OF LANDSCAPES BASED ON ZONING
OF VIEW AREAS AND VIEW POINTS
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Fig. 11: The solutions to organize the urban landscape architecture to

create the overall spatial identity of the cities

The field of view of the space at area level has a range
from 120 m - 1200 m, therefore, if there is a lack of
features on the route, outside of this range, it is neces-
sary to establish additional the characteristic land-
scape layouts, architectural highlights, to ensure the
continuity, and uninterrupted of the landscape image
chains.

Landscape layouts designed along rivers and streams
are influent from the characteristics of natural, man-
made landscapes and local cultural activities. Land-
scape routes along rivers and streams can be designed
using images of stilt houses, water wheels, bathing
wharfs, images of bridges crossing streams, a combi-
nation of cobblestones - streamside shrubs, a combina-
tion of multi-layered trees on the mountain to create
ecological diversity along the water surface.
Landscape route along rivers and streams helps to
establish open spaces and green corridors for urban
areas, therefore, the organization of landscape archi-
tecture for this area is the solution to protect the water
bodies and corridors along rivers and streams. The
landscape architecture of the riverside and streamside
routes plays an important role in creating and preserv-
ing the overall as well as helping to connect the land-
scape with other functional areas of the city.

b. Landscape routes along the lakesides. Solutions to
organize landscape architecture to create identity for
landscape routes along the lakesides:

« Establish a smooth route for areas on lakesides to cre-
ate open space for the city. Lakeside areas need to be
connected with other areas of the city by visual links
and viewpoints.

+ Landscape layouts long the lakesides are influent from
the characteristics of natural, man-made landscapes
and local cultural activities. Landscape routes along
rivers and streams can be constructed using images
of stilt houses, water wheels, combination of cobble-
stones - streamside shrubs, combination of multi-lay-
ered trees to create ecological diversity along water
edges.

c. Main axes. The main routes and axes of the cities have
the role of connecting the landscapes of the cities, there-
fore, the landscape architecture of the route needs to be
designed with characteristics and organization to cre-

ate an identity for the whole route. These roads need to
comply with the principle of reasonable road width ratio,
avoiding bulldozing to make large, straight roads like
boulevards, thus losing the characteristics of mountain-
ous terrain. Landscape architecture with identity on the
entire routes must be continuously identifiable within the
scope of regional visibility. The landscape architecture is
designed needs to exploit the elements of architecture,
public art, urban amenities, materials with typical images
of indigenous cultures, and typical landscape layouts

that need to be emphasized. The vegetation needs to be
planted with typical local plant species.

d. Landscape areas in the suburban areas.
» Landscapes of traditional villages

o Integrate traditional villages of ethnic communities
living in the periphery of Northern mountainous
cities, such as the Muong (Hoa Binh), the Thai (Son
La, Lai Chau, Yen Bai), the Dao Do (Yen Bai, Lai
Chau), the H'mong (Lao Cai, Yen Bai, Lai Chau, Son
La) with general urban planning in terms of land-
scape, culture, and production.

o Preserve the layout of the villages such as the lay-
out of roads and preserve the form of local tradi-
tional houses of the ethnic groups (stilt houses,
traditional houses built with local materials such
as earth, stone, wood, neochouzeaua, bamboo).

+ Landscapes of agro-forestry

° Preserve and develop agricultural production land-
scapes, rice cultivation areas and terraced fields,
thereby contribute to the creation and preserva-
tion of the overall landscapes with the identity of
the NMR urban areas. The landscape architecture
of the agro-forestry production areas has both the
effect of local economic development and the con-
tribution to the landscapes to serve the needs of
tourism development.
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- Zone the areas of forestry production, plant eco- Research from indigenous cultural elements and images
nomical industrial trees, such as cinnamon, tea, with typical characteristics such as stilt houses, water
acacia, canarium, on the hills while preserve the wheels, topography, trees, traditional cultural activities of

typical hilly landscape.

4.3. Landscape architectural solutions

to preserve and develop the identity of

Micro-scaled urban spaces
Micro-scaled urban spaces are spaces with clear

flower gardens, architecture public art works, etc.
The spaces and buildings must be harmonious and
cohesive, and based on the shape and line of sight of
hills, rivers and trees to avoid disrupting the area CONCLUSIONS
and overall landscape [15].

local ethnic communities, etc. to use in the design of land-
scape architecture to create an identity for the space.

Organizing urban facilities, public art works with
local identity associated with spaces for outdoor cultural
activities such as squares, flower gardens, and pedestrian
streets which are suitable to the topography and natural
visibility within <120 m range, such as squares, parks, landscape to emphasize the identity of these spaces. To
enhance the character of the places, it is possible to add
architectural highlights and monuments.

Vietnam is in a strong process of urbanization. Economic

These spaces must have a continuous connection of pressure, the need for urban expansion, the high demand

characteristic landscape images within the visual range. for land use - resource use in general and landscape

4D 67,2-21.(2023)

Fig. 12: The solutions to organize the urban landscape architecture
to preserve and develop the spatial identity at the urban area level —

Medium-scaled urban spaces

Fig. 13: The solutions to organize the urban landscape architecture
to preserve and develop the spatial identity at the urban area level —

Medium-scaled urban spaces

THE LANDSCAPE ARCHITECTURE ORGANIZATION TO CREATE THE IDENTITY IN MEDIUM SCALED SPACE

1. The continuity of landscape
architectural spaces

- To create typical
landscape points to make
sure of the distance and
continuity of landscape in
medium scaled space

- To create areas with
established identities with
ares that are additionally
identified

2. Conservation of cultural
identity

- To plan suburban villages
based on geographical
location customs of each
ethnic group

- To preserve the identity
and religious culture that are |
featured in architectural
structures

- Landscape is based on
natural features of the area to |
realicate and create identity
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resources in particular - are the reasons why urban areas,

especially the NMR with its very own character, gradu-
ally lose their characteristic features. What perspectives,
principles, methods and solutions are appropriate for the
preservation and development of identity are big ques-
tions for the cities. In Vietnam, there are many concepts,
methods and solutions to preserve and develop urban
identity, but research on landscape architecture to create
an urban identity, especially in Northern mountainous
areas, are still scarce. The paper presents some answers
and approaches to the above questions. Therefore, the
study on preserving and developing the identity of North-
ern mountainous areas using landscape architectural
tools have contributed to Vietnam's general studies on
conservation and development.

However, in order to provide specific solutions for
planners and designers, it is necessary to carry out

ROADS SUBURBAN VILLAGES

additional in-depth studies on specific areas, such as each
urban area of the region. ®
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ABSZTRAKT
Az urbanizacid fokozddasaval Kindban is nének a varosi
teriiletek teriilethaszndlati problémai. A probléma meg-
old4sa a mennyiségrél a mindségre torténé varostervezési
modszerek adaptélasa. A rendszerszemlélet, a koordina-
cio és az integracio a tervezésben eldsegiti, hogy a varosi
tertiletek ellenallobba valjanak a kockazatokkal szem-
ben. Jelen tanulmény Luohe varos (Kina) 2022-es adatait
haszndlja példaként a rendszerek kozotti 6sszekapcsold-
das koordinaciés fokanak (CCD) szamitasahoz, az ellenal-
16-képesség kiépitését akadalyozé tényezék megtalalasa-
hoz, és az azt akadalyozdé tényezdk térbeli heterogenita-
sénak tovabbi feltardsdhoz. A mdédszer harom modellezés
eredményeit hasznalja (“szintetikus értékelési modell”,
a “csatolasi értékelési modell”, “akadalydiagnosztikai
modell”) az egyes alrendszerek értékelésére és elem-
zésére. Az eredmények a kovetkezdk: @ A szintetikus

értékelés szerint az atlagos varosfejlesztési érték 0,48;

a magas értékdl régidk a délkeleti beépitett dvezetben cso-
portosulnak. ® A varoscsatlakozasi koordinacio atlagos
értéke 0,66; a koordinécids szint 7 (mérsékelt koordina-
ci6). ® A varosi fejlettségi fok pozitivan korrelal a CCD-
vel. @ Globalisan a gazdasag a legfébb akadalyozo tényezo
a rugalmas novekedés szempontjabol, de az 6kosziszté-
mak, természeti teriiletek korlatozasai nagyobbak és szé-
lesebb korti hatassal birnak. Ez a tanulmany hozzajarul

a varosi, nagyvarosi teriiletek bels¢ hierarchikus rendsze-
rének megértéséhez, és hozzajarulhat a teriiletek harmo-
nikus fejlesztéséhez, a varosi ellenallé képesség, rezilien-
cia noveléséhez. ©
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ABSTRACT areas and provides data for balanced development and

With urbanisation, the uncertainties faced by urban areas
continue to increase, and in response, China's urban plan-
ning is transitioning from a focus on quantity to quality.
Promoting system coupling and coordination helps to
make urban areas more resilient to risk. This paper uses
data from Luohe City (China) in 2022 as an example to
calculate the inter-system Coupling Coordination Degree
(CCD), to find the factors that obstruct resilience con-
struction and further explore the spatial heterogeneity

of the obstacle factors. The synthetic evaluation model,
coupling evaluation mode and obstacle diagnosis model
are used to evaluate and analyse each subsystem. The
results are as follows: ® According to the synthetic eval-
uation, the mean urban development value is 0.48, with
high-value regions clustered in the Southeastern built-up
zone. ® The mean value of urban coupling coordination is
0.66, the coordination level is 7 (Moderate Coordination).
® The urban development degree is positively correlated
with the CCD. @ Globally, the economy is the main factor
obstructing resilient growth, but the core obstacle areas
of the ecosystem are larger and have a wider impact. This
study helps us understand the internal system of urban

urban resilience enhancement.

INTRODUCTION
Urban sustainability is increasingly challenged by urban
growth. Although no city can completely predict the
occurrence of natural/unnatural disasters, the urban
system can improve its resilience to external disturban-
ces [1]. Urban resilience (UR) is an emerging concept that
can help urban areas adapt to uncertainty and become
more resilient to external disturbances to deal with these
challenges.

Urban areas are perceived as complex systems, and
the interrelationship between the various subsystems dra-
matically affects overall operational efficiency [2, 3]. As an
important attribute of the urban system, UR is also a mul-
ti-dimensional system for managing urban risk to adapt to
uncertainty by focusing on system integration and coor-
dination [2, 4-6]. Currently, many studies focus on con-
structing a multi-criteria framework [7, 8] based on sin-
gle-factor evaluations [g, 10] to provide quantitative meas-
ures of UR. The socio-economic-ecological framework is
widely used in many fields [11-13]. The interrelationship of


https://doi.org/10.36249/4d.67.3700

24

A VAROSI ALRENDSZEREK OSSZEKAPCSOLASANAK ES KOORDINACIOJANAK FELTARASA LUOHE VAROS REZILIENCIA VIZSGALATANAK PELDAJAN
EXPLORATION OF URBAN SUBSYSTEM COUPLING COORDINATION BASED ON RESILIENCE IN LUOHE CITY

Nightlight Google/ OSM :
- MODI Population
(NTL) Landsat-9 ODIS Gaode Map op!
e —— | e - = e flm—m——fl—==== ==fl— =~ fm———[ff——=n (m——fm——————F—— - e Fm——~
: I : .@:Zommﬁpﬂnlysis : |r @ : : 5 : r @ @- : : @- :
1 - I
! ! Spectral Features: et 0L NDVI | ! 1! 3 & !
: : : PCA1/PCA2/PCA3 Co—%yr;\:ﬁn::cc NTL : : : Ilz?rl : : MODIS- : : Point of : : Population :
—— (GLCM) 1! - 1 "DI9A2. | ’ | i
: Spatialised : : Index Features: ar 1 : NDBSI : 1 M(\[(;(])()A : : Road l(n[:gle)st : 1 D}::::i, :
1| GDP23 I /I/MNDWI/ /< ! 7 [ 4 1 otw ! I
I — v | | XDVIMNDWINDBUSI OV X WET |y | (Blue Band) | I | bletvork location || !| 20002020 |1
{ Spatialised |1 : Textural Features: NDBI/ 1 : | : 1 data I :
1 GDP1 1 1I']_GLCM mean and GLCM variance LST i1 [ 1! S0 1
e==_____ e e - - — S e VL e e )
ovey) Rimion Tot -O—EM st {}-c.mpf,ﬁé'ﬁé"ﬂm sis _O—Avag?:nSu#nhesis _0_ Eimmenl Model -@_K‘""' e @""‘”’ it
Spatialised Land use/Land cover Built-up zone . Aerosol Optical e Point Population
GDP (LULC) Boundary (2022) RSEL |1 Depths (AOD) 2022 || AccessPI [ po ey 2022

multiple urban subsystems, especially regarding urbani-
sation, is gradually gaining traction [14, 15]. It can be seen
that the degree of development of urban subsystems and
their interrelationships are equally important in building
UR. The Coupling Degree (CD) is an important indicator
of system interactions [16]. Good coupling is known as
coordination. The Coupling Coordination Degree consid-
ers both the coupling and the coordination relationships
[13,17]. It can show the system's robustness, help balance
development and reduce internal conflicts. After all, the
single pursuit of economy or construction may lead to the
decoupling of subsystems, causing potential problems
such as industrial structural imbalance, spatial sprawl
and ecological degradation [18,19].

This paper uses the classical socio-economic-ecolog-
ical framework to analyse urban subsystems and their
interactions through the Synthetic Evaluation Model,
Coupled Evaluation Model and Obstacle Diagnosis Model
(ECO model) [20]. In summary, coupled coordination
research aims to contribute to UR architecture by explor-
ing the relationships between urban subsystems. Explor-
ing individual systemic obstacle degrees provides poli-
cymakers and practitioners with spatial detail, improves
development heterogeneity and promotes urban equity.

1. MATERIALS
This section includes an introduction to the study area,
the acquisition of basic data and the preliminary process-
ing flow.

1.1 Study Area
Luohe is in the south-central part of Henan Province in
central China. It is well connected and is a regional trans-
port hub, and is crossed by the Shali River (Figure 1).
Regarding its urban scale and economic level, Luohe
is a good representative of most ordinary cities in China.
In 2022, there was still a considerable amount of farmland
within the Urban Growth Boundary (UGB). Therefore,
to exclude the influence of non-urban areas, we
needed to screen the boundary of the built-up zone
as the study area.

1.2 Data Collection and Processing

Basic satellite images were derived from Landsat-g.
Annual nighttime lights (NTL) are from the NPP-VIIRS.
The population was obtained from Google Earth Engine
(GEE) - Worldpop collection. The Aerosol Optical Depth
(AOD) is derived from the MODIS collections (Figure 2).
The above basic data acquired and other indices, such as
Land Surface Temperature (LST)[21], are acquired by GEE
(https://code.earthengine.google.com/). Point of Interest
(PQI) is obtained from Gaode Map (https://Ibs.amap.com/).
Roads were obtained from OpenStreetMap (OSM, https://
www.openstreetmap.org/) and Google Maps (Figure 2).

Built-up zone: The identification of the built-up zone
drew on previous studies [22, 23]. Based on NTL/ NDBI/
LST, Expectation Maximization Clustering [24] is used to
classify the UGB into three clusters (Figure 1). Land use/
Land cover (LULC): Based on Landsat-g, NDVI/ NDBI/
MNDWTI and texture data as secondary data. Random
Forest was used [23, 25]: Farmland, Water, Green space,
Construction (Kappa=385.65%). Integration: Accessibility
can characterise urban infrastructure and resource dis-
tribution efficiency. The Segment model of space syntax
was chosen, and accessibility is expressed by road inte-
gration [23, 26]. Spatialized GDP (S-GDP): Farmland&NTL
can reflect the primary GDP (GDP1) & secondary ter-
tiary GDP (GDP23) respectively. The correction coeffi-
cients are calculated based on the statistical yearbook,
spatialized GDP1 and GDP23 separately, then superim-
posed (Mean Absolute Errors=17.07%). RSEI calculation:
Remote Sensing based Ecological Index (RSEI) is a more
comprehensive ecological indicator. Greenness (NDVI),
humidity (WET), dryness (NDBSI) and heat (LST) were
synthesised by Principal Component Analysis to obtain
it. POI Density: The POI density is calculated based on
ArcMap10.8 Kernel Density. Population: Based on the
2000-2020 raster, a linear fit was performed to obtain
population data in 2022 [11].

1.3 Framework and Methods
The individual indicators are weighted and overlaid with
McHarg's Layer Cake and CRITIC models. The results are

25
4D 67,22-29.(2023)
<<«Figure 2 : Data processing flowchart
Figure 3: Synthetic Evaluation Framework
Figure 4: Synthetic Evaluation Framework
Transportation Space syntax — Integration
— Society — School Density Per Capita
Services
Hospital Density Per Capita
Space Construction Land Area Per Capita (m’)
Economic Output | S-GDP (RMB million/ km?)
Synthetic .
Eynl t° Bank Density Per Capita ngsmve
valuation ndicators
Industry Structure ompany Densi er Capita
Company Density Per Capi
Framework |5 — Economy —
Mall Density Per Capita
‘Eggﬂggﬁn Population Density (People/ km”)
Surface Ecological| Remote Sensing based Ecological Index
Quality (RSE])
——Ecology — Green Space Green Space Area Per Capita (m’)
Atmospheri . Negative
Pollotion . Aerosol Optical Depth (AOD) In d%c ators
Urban Subsystem Weights (%) Indicators Weights (%)
Co T T T T IR B Svacesymtax—Toteoration. & 60.16 |
I Il | pace syntax - Integration __ __11___ 60 16 _!
1 11 T
: N A School Density Per Capita ____1R ___ 746 ___|
: Society [ 38.23 | e — |
! | i | ____Hospital Density Per Capita____11____ 781!
I [ |
___________________________________ |
| oo_____il_________.! ConstructionLand ArcaPer Capita(w’) 1 |___2457___
L aETETEEEEETsT b I ST T = | |
: B | L____S-GDP (RMB million/km*) ___1!_ __4332__ 1
I [ | I e e [ Ve |
: ¥ | —— Bank Density Per Capita____ 11 ____ 568 __|
! ; S et By I
l Economy {1 3464 i1 ___ CompanyDensity PerCapita __11___17.83 |
: : : : A e o a1 |
| [ 1! Mall Density Per Capita 7.31 I
| 1 | Fmm e e e e e = md b e -
___________________________________ :
| o ________il_________1!__PopulationDensity (People/kn’) _11___ 2586 __I
_________________________ 5 | |
l ] Ly RSEI 3491
; 1! O o ____________________';
| Ecology |1 2703 | 1__GreenSpace ArcaPer Capita(m) 1l __1804___]
I : I : FETT T T T s T T E T T TS EEE s FTETETEEEEEE T |
. | N Vo AoD __________ R 470 !



https://code.earthengine.google.com/
https://lbs.amap.com/
https://www.openstreetmap.org/
https://www.openstreetmap.org/

26

A VAROSI ALRENDSZEREK 0SSZEKAPCSOLASANAK ES KOORDINACIOJANAK FELTARASA LUOHE VAROS REZILIENCIA VIZSGALATANAK PELDAJAN
EXPLORATION OF URBAN SUBSYSTEM COUPLING COORDINATION BASED ON RESILIENCE IN LUOHE CITY

Figure 5: Evaluation results. (a)-(b) Social/ Economic/ Ecological subsys-
tem of development degree; (d) Synthesis urban development degree; (e)
Cold/Hot spots of urban development degree; (f) Statistic of the subsys-

tem/synthesis development degree
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then analysed regarding their coupling with the Coupling
Evaluation/ Obstacle Diagnosis Model.

Synthetic Evaluation Model: the social subsystem con-
siders how to provide the three main needs: transport,
education & health, and space. The economic subsystem
considers the economic structure (POI density) and out-
put (GDP). Finally, ecosystems also focus on green space
quantity and land ecological quality. Atmospheric qual-
ity (AOD) is also an important part of the environment.
Humans should be the central focus of the urban environ-
ment. Some indicators are further weighted by population
(Figure 3).

CRITIC model: given the unavoidable multicollinearity
between the indicators, we chose the Criteria Importance
Through Intercriteria Correlation (CRITIC) model [27]
to calculate the weights of each one. This method
includes the intensity of the contrast and the conflict
in the framework.

Coupling Evaluation Model and Obstacle Diagno-
sis Model: based on the synthesis evaluation, firstly, the
coordination level between the subsystems was ana-
lysed using the Coupling Evaluation Model. The Coupling
Coordination Degree (CCD) has a higher value, indicating

better coordination between subsystems and more resil-
ience within the overall system. At the same time,

the Obstacle Diagnosis Model was used to analyse

the main obstacle factors of the urban system. A higher O
value (O, O= [0.0, 1.0]) indicates that the subsystem is
less developed and has greater development needs [12].
The Obstacle Diagnosis Model provides insight into

the subsystems that require more resources and effort

to overcome obstacles and achieve their maximum
potential.

2. RESULTS
These include the results of the system development
assessment, the overall coupling coordination statistics.
They also include the correlation between coupling coor-
dination and system development degree, and finally the
obstacle degree hotspot analysis.

2.1 Synthetic evaluation results
Weight of each indicator: the weights calculated by
CRITIC are shown below (Figure 4). The ranking of the
importance of the subsystems shows: Society > Economy
> Ecology.
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Synthetic evaluation results: based on the mean, we can
observe that the development degree of these systems is
ranked as follows: Ecology > Society > Economy. The stand-
ard deviation (STD) represents the data dispersion degree,
i.e. the imbalance and heterogeneity of development (Fig-
ure 5 (f)). As a result, the economic system exhibits higher
heterogeneity (STD=0.16), while the ecosystem is relatively
more balanced (STD = 0.12). Spatial details are equally
important, and both ecological and economic systems
exhibit an upward trend in the Southeast and a downward
trend in the Northwest, except for the social system (Figure
5 (a)-(c)). Furthermore, we visualised the aggregation of the
values using the Hot Spot Analysis method. Hot Spots rep-
resent areas with high-value aggregation, while Cold Spots
represent areas with low-value aggregation. The synthesis
evaluation tends to be high in the centre and low in the sur-
roundings, with the Southeast exhibiting high values and
the Northwest exhibiting low values (Figure 5 (d-¢)).

2.2 Coupling Coordination and Obstacles
Coupling Coordination Degree: CCD statistics are shown
in Figure 6 (mean=0.66, STD=0.09). Luohe City belongs to
the moderate coordination classification.

N
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Based on the coordination classification levels (Fig-
ure 6), we can obtain spatial details (Figure 7 (a)): high
in the Southeast and low in the Northwest. In order to
visually represent the relationship between development
degree and CCD, the two are linked based on the carte-
sian coordinate (Figure 7 (b)). The pixels were grouped
into four categories, with classification thresholds deter-
mined by Jenks natural breaks. The highest percentage
of High Development Degree - High CCD (HH) region is a
trend that needs to be maintained, and the High Devel-
opment Degree - Low CCD (HL) and Low Development
Degree - High CCD (LH) regions are tiny (Figure 7 (b)).

Obstacle Degree: globally (Figure 8 (a4)), the economy is
the main obstacle to improving the CCD (Mean=0.41). How-
ever, we observe that the core obstacle areas of the eco-
system are much larger (Hot Spot (3)=16.11km?). Therefore,
even though the economic system shows a higher obstacle
degree on average, the development needs of the landscape,
especially in its core obstacle areas, should not be ignored.

3. DISCUSSION AND CONCLUSIONS
This paper's indicators are based on land use (except
Atmospheric Pollution). This is primarily because the
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Figure 8: Subsystem obstacle statistics/ heterogeneity/ hotspot analysis
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land is the physical base for urban activities, is undergo-
ing significant change and is subject to the most dramatic
impacts during urbanisation [11]. Society is dominated by
accessibility. Transit-oriented Development (TOD) theory
considers transport essential for heterogeneous urban
expansion. GDP dominates the economy. The AOD domi-
nates the ecosystem.

The urban development degree (Mean) and CCD in
Luohe are 0.48 and 0.66 respectively. The proportion of
positively correlated regions (HH and LL) between the
two is over go%. With urban development, resilience is
becoming a prerequisite for integral construction. Urban
growth, which should be seen as systemic change, is the
combined effect of all subsystems rather than any indi-
vidual subsystem [17]. The relationship between the size
of obstacle areas and residents' perceptions may be an
essential factor. Despite a lower global obstacle degree,
larger ecological obstacle areas may substantially impact
residents' perceptions due to their more visible and tangi-

ble nature. This could amplify the perceived importance of

ecological issues within the urban environment, necessi-

tating a more focused approach to ecological development

in urban planning strategies. Adjusting development

heterogeneity can better help multi-system coordination
and balance development. Based on the results of the
barrier degree analysis, targeted filling of ecological low-
value areas and promoting a balanced development of
the landscape will help the coupling and coordination of
urban systems.

The different frameworks and indicators may signif-
icantly influence the study's results. Conducting mul-
ti-temporal studies, refining indicators and maintaining
the robustness of the evaluation framework will be the
next step [1]. ®
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ZOLDFELULET-INTENZITAS
VALTOZASAI BUDAPEST
XIV. KERULETEBEN
CHANGES IN GREEN SPACE
INTENSITY IN BUDAPEST'S

14TH DISTRICT

JOMBACH SANDOR | USZTOKE LAURA | YASEEN N. HASSAN

ABSZTRAKT
Kutatasunk a "Zoldfeliilet-Intenzitas” (ZFI) mutatot alkal-
mazta annak érdekében, hogy jellemezze Zugld, Budapest
XIV. kertiletének 1992 és 2020 kozotti zoldfeliilet-valtoza-
sait. A ZFI mutat6 az NDVI indexre (Normalizalt Vegetia-
ciés Index) épiil, de az értékei orthofotohoz igazitottak, és
tobb nagyon nagy felbontdasu tirfelvétel felhasznalasaval
ellenérzottek. A mutatét az elmult két évtizedben fejlesz-
tettlik, kozismertté tettiik, és gyakran keriilt alkalma-
z&sra magyarorszagi varosok zoldfeliileteinek elemzésére
az elmult tiz év kutatdsaiban. A zoldfeliiletek valtozasa-
nak elemzése egy dontés-tamogato tevékenység a tele-
plilés-tervezésben és -feljesztésben. Segit meghatarozni
a valtozasok mozgatorugdit és a valtozasok hatasat a
varoskliméra, a beépitett és burkolt feliiletekre, a varosi
¢élovilag fajaira, a honos, az invazids és a disznévényfajok
szerepére a varosi zoldinfrastruktiraban. Varosokologiai
szempontbdl ez a kutatds jobb és fenntarthat6bb tervezési
megoldasok megvalasztasat is tAmogatja.

Kulesszavak: zéldfeliilet, névekedés, csdkkenés, fejlesztés,
dtalakulds, felhagyds, vdltozds, vdltozds-foltok

BEVEZETES ES HATTER
A zoldfeliiletek felmérésére és elemzésére hasznalt méd-
szerek egyike a zoldfeliilet-intenzitas (ZFI) szamitésa,
amely trfelvételek és légifelvételek kombinalt feldolgo-
zdsaval segiti a zoldfeliilet térképezését és térinformati-
kai elemzését, értékelését. A mddszer kifejezetten térségi

vagy telepiilési szinteken torténd hasznositasra keriilt
kifejlesztésre, de alkalmazhaté telepiilésrészek, s6t egyes
tombok zoldfeliilet-intenzitasanak jellemzésére is.

A ZFI modszer els6 valtozata 2006-ban a "Pro Verde”
projektben [1] keriilt alkalmazasra, amely térinformati-
kai modszerekkel célozta meg a zoldfeliiletek térképezé-
sét, értékelését és monitorozasi médszerének kidolgoza-
sat a févaros teriiletére és annak varostervezési zondira.
A févarosrol és agglomeraciojardl szolo zoldfeliileti elem-
zési tanulmany - a projekt megalapozoé tanulmanya [2], -
els6ként hasznalta az NDVI alapt ugynevezett "elméleti
zoldfeliilet-szamitasi modszert”.

A korabbi zoldfeliilet-térképezési és elemzési munkak
szamos tapasztalattal gazdagitottak a felmérést, térin-
formatikai és vizualis képértelmezési, képinterpretacios
tevékenységiikkel [3], vagy ,zoldfeliileti arany” és ,bio-
l6giailag aktiv feliiletek” kulcsszavak hasznalataval [4]
nyudjtottak tAmpontokat az NDVI vegetacios index telepii-
1ési alkalmazasdhoz. Az NDVI index a vegetacid felsziné-
nek bioldgiai aktivitasat mutatja ki, ezért a mdédszerrel
késziil6 publikaciok 2006-ban és 2007-ben még a ,zoldfe-
lillet bioldgiai aktivitasa” cimszdval keriiltek nyomdaba [5,
6, 7]. Mivel ezzel egy id6ben elkésziilt a tertiletek bioldgiai
aktivitasértékének szamitasardl sz6lé OTM rendelet [8],
ezért a késébbiek sordn célszeriibbé valt egy ettdl eltéro,
am a maédszer lényegét is jobban visszaado ,zoldfeliilet-in-
tenzitas” kulcsszo bevezetése és hasznalata [g].

A zoldfeliilet-intenzitas (ZFI) elemzésének modszere
szamos tekintetben megujult, teszteken és mintateriileti
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Landsat 8 and Sentinel 2 satellites
20 images are representing year 2015.

Landsat 8 and Sentinel 2 satellites
20 images are representing year 2020

- -

Corrections
Geometric correction, cloud and cloud shadow removal, removal of other disturbing
elements, correction of sampling

8-

uow;lvsss ﬂ

NDVI maps ’ Sample area validation and ‘ NDVI maps

using images of 2015 corrections using images of 2020
Based on orthophotography
= ‘ - 4
0, if 200*NDVI <0
GSI= - 100, if 200*NDVI > 100
200*NDVI if any other

| |

Green Space Intensity Green Space Intensity Green Space Intensity
2015 Change 2020
2015-2020

® B B ¢

Statistical mean Number of patches Area of patches Type of change

ABSTRACT
This research used the "Green Space Intensity” (GSI) index
to describe the changes of green space within Zuglo,
Budapest's 14™ district, from 1992 to 2020. The GSI index
is based on the NDVI (Normalized Difference Vegetation
Index), but the values have been revised and adjusted
to high-resolution orthoimagery and validated by VHR
satellite images. It has been developed over the last two
decades, it is well known and has been used in the last
ten years in research to analyse green spaces within the
towns and cities of Hungary. Analysis of green space
changes provides reasonable decision-support in urban
planning and city development. It helps to define the driv-
ers of change and the effects of changes on the urban cli-
mate, paved and built-up areas, the urban habitat of wild-
life species and the role of endemic, invasive and ornamen-
tal plant species in the city’s green infrastructure. From an
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1. abra/Fig. 1: Budapest XIV. keriilete
és kerliletrészei, tipikus madartavlati
képekkel / Budapest’s 14th district and
its sub-divisions with names and typical
bird’s eye-view images

2. abra/Fig. 2: Az (rfelvételektd| a
Zoldfellilet-intenzitas terileti statisz-
tikai elemzéséig tarté adatfeldolgozasi
folyamat / Data processing from satellite
images to territorial statistic analysis of
Green Space Intensity

Landsat 8 és Sentinel 2 (irfelvételek Landsat 8 és Sentinel 2 (irfelvételek
A 2015-6s évet 20 db felvétel jellemazi. A 2020-as évet 20 db felvétel jellemzi,
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idépontnak megfeleld ortofotd alapién
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urban ecology perspective, this research supports better
and more sustainable planning and design solutions.

Keywords: green space, growth, decrease, development,
transformation, abandonment, change, change patches

INTRODUCTION AND BACKGROUND

Green Space Intensity (GSI) is one of the methods used
for green space survey and analysis. It is applied to help
mapping, geospatial analysis and assessment of green
space, by using satellite images and aerial photographs.
The method is developed for regional or urban scales, but
can be applied to characterise green infrastructure within
districts or blocks.

The first applied version of the GSI method was used
in 2006 in the “Pro Verde” project [1], which aimed to
map, assess and develop the monitoring method for green
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3. abra/Fig. 3: Zoldfelilet-intenzitas (ZFI) térképek és véltozas-térképek
Budapest X1V. keriiletéb6l / Green Space Intensity (GSI) maps and Change
maps for Budapest’s 14th district
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W Moderatly high green space intensity (GSI: 60-80) B Mérsékeiten magas 20|dfeliet-Intenzitds (2F1: 60-80) No remarkable change (Jess than 20%) Véltozation (20% on bell)
B High green space intensity (GS1: 80 99) I Mooy zoldfelidet-intenzitss (2F1: 80-99) I Increase (20-40%) 1 Nevekedés (20-40%)
W Continuous green coverage (GSI+ 100) 1M Teljes boritottsag (ZF1: 100) W Significant decrease (more then 40%) W Jetentds novekedds (40%-nd nagyobb)

ellenérzéseken finomodott, visszajelzések alapjan keriilt
felillvizsgalatra. A zoldfeliilet-intenzitas (ZFI) megmutatja,
hogy mekkora az adott teriiletrészre es6 zoldfeliilet sik-
beli kiterjedésének aranya és egészségi allapotanak mér-
téke. A modszer alapjan trfelvételek és ortofotdk feldol-
gozasaval készitett adatbazis a zoldfeliilet kiterjedésérol
és allapotarol egyarant szolgaltat informaciot azzal, hogy
egy nullatol szaz szazalékig terjed6 skalan megmutatija,
milyen ardnyu a zoldfeliilet intenzitasa egy adott tertile-
ten. Els¢sorban telepiilési szintt fejlesztési vagy tervezési
munkak megalapozasara, dontés-tdmogatasra, a zoldfeli-
letek allapotanak és valtozasanak monitorozésara kivanja
a legtobb felhaszndalo alkalmazni. A felhasznalasi példak
kozott szerepel a rekreécios igények kiszolgélésa is [10].

ANYAG ES MODSZER
A kutatéas a Zoldfeliilet-intenzitas (ZFI) és a Zoldfeliilet-in-
tenzitas valtozasanak térbeli elemzésén alapult. Az elem-
zéshez mind a 2015-6s, mind a 2020-as év jellemzésére
20-20 Urfelvételt hasznaltunk fel (Landsat 8 és Sentinel 2
felvételek), tovabba felhasznaltuk korabbi kutatdsok 8-8
felvételre (Landsat 4, 5, 8) épiil6 elemzési eredményeit
1992 és 2015 kozotti idészakbol. A Zoldfeliilet-intenzitas
(ZFT) meghatarozasahoz alapveten a 2011-ben Jombach
altal publikalt médszert alkalmaztuk [11]. A mddszer a
vegetacio bioldgiai aktivitdsdnak kimutatdsara hasznalt
NDVI indexre épiil [12], de azt mintateriileti tesztek soran
jelentésen atalakitja. A "Zoldfeltilet-intenzitas” (ZFI) a
vegetacio jelenlétének és egészségi dllapotanak egyesitett
indikatora, amely sz4zalékos értékeivel (o-100%-ig) egyet-
len szdmértékkel mutatja meg milyen teriileti ardnnyal
és milyen vitalitassal bir a ndvényzet egy adott teriilet-
részen. Kutatasunk fokuszteriilete Budapest XIV. kerii-
lete, amely a f6varos dtmeneti zénajaban talalhatd, de sok
kertvarosi teriilete, kertes csaladi hazas 6vezete, zoldte-
riilete és barnamezés teriilete is van. A keriiletet hivata-
losan nyolc keriiletrészre bontja a kertileti szabalyozas
(1. Abra).

A ZF1 véaltozas-elemzések 1992, 2005, 2010, 2015
évekre késziiltek kizarolag a 30 méteres térbeli felbon-
tasu Landsat felvételek felhasznalasaval [13] [14]. A jelen-
legi kutatas tobbnyire 10 méteres felbontasu Sentinel
felvételeket hasznalt fel, és a 2015-0s évet tekintette bazis
évnek [15]. A feldolgozasi folyamat 1épéseit a 2. dbra szem-
lélteti. A modszer korlatja, hogy a vertikalis zoldfeliilete-
ket (pl. zoldfalakat, zold homlokzatokat) jelent6ségiiknél
alacsonyabb igényességgel dokumentalja. Mindemellett

a cikk nem terjed ki az dsszes lehetséges teriilethaszna-
lat-valtozésra.
Az elemzés soran a kovetkez6 mutatdkat vettiik figye-
lembe:
« Zoldfeliilet-intenzitas (ZFI) értékek statisztikai
atlaga (a zoldfeliilet-intenzitas értékek atlagértéke)
« ZF1 valtozas statisztikai atlaga (a zoldfeliilet-intenzi-
tas valtozasanak atlagértéke)
* A ZFI valtozas-foltok szama (a 20%-0s mértéket meg-
haladé valtozas-foltok szama)
» A ZFI valtozas-foltok teriilete (a 20%-os mértéket
meghalad6 valtozas-foltok teriilete)
* A ZFI novekedés-foltok szama (a 20%-0s mértéket
meghaladé novekedés-foltok szama)
» A ZFI csokkenés-foltok szama (a 20%-0s mértéket
meghalad6 csokkenés-foltok szama)
» A ZFI) novekedés-foltok teriilete (a 20%-0s mértéket
meghaladé novekedés-foltok teriilete)
» A ZFI csokkenés-foltok teriilete (a 20%-0s mértéket
meghaladé csokkenés-foltok teriilete)
- A véltozast kivalté jelenség tipusa (A hasznalat, keze-
lés megvaltozasabol kovetkeztetheto)

EREDMENYEK
A Zoldfeliilet-intenzitas (ZFI) valtozasanak atlaga egy
statisztikai szdmérték, ami megmutatja a valtozas-érté-
kek atlagat, amit egy konkrét id6szakban a felvételek
alapjan érzékeltiink. Ez a tipusu elemzés a kertiletben azt
mutatta, hogy a ZFI 3%-kal névekedett (34%-r6l 37%-ra) az
1992-2020 idészakban. A 28 évet tekintve ez a negyedik
legmagasabb érték a févaros 23 keriilete koziil. A 2015-
2020 iddszakban a ZFI valtozasa azonban épp ellenkez6
tendenciat mutat. A zoldfeliilet-intenzitas 3,1%-kal csok-
kent. A puszta statisztikai értékek alapjan azt mondhat-
nank hogy 28 év alatt dsszességében inkdbb novekedés
tortént, de a vizsgalt id6szak utolsé 6t éve inkabb erttel-
jes csokkenést hozott a zoldfeliilet-intenzitasban.

A kertiletrészeket figyelembe véve a legmagasabb
ZFI-valtozas Alsérakoson tortént (atlag: +8,4%) 28 év alatt,
koszonhet6en a Rdkosrendezd vasutéallomas felhagyott
teriiletein a névényzet spontdn névekedésének. A legala-
csonyabb valtozasérték a Varosliget varosrészben volt
(atlag 1992 és 2020 kozitt: -5,7%) koszonhetéen azoknak
az épitési munkalatoknak (4. 4bra), amelyek az utolsé 6t
évben torténtek (2015-2020 atlagos valtozasa itt: -6,5%).
Az egész kertiletet és a kertiletrészeket is tekintve a két
id6szak 0sszehasonlitasabdl is az 2015-2020 idészak a
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4. abra/fFig. 4: Valtozasok a Vérosligetben a park atalakitasanak
id6szakaban / Changes in City Park due to park reconstruction

City Park
Varosliget

2015. 05. 14.
Orthophoto / Ortofotd

kedvezétleneb zoldfeliilet-intenzitds vonatkozasaban.
Ez a térképeken is tisztan lathato (3. dbra).

A valtozas 4taga - mint mutato - a térbeli elemzés
sordn kevésbé tlint relevansnak, mint a valtozas-foltok
szama és teriilete. “Valtozas-foltoknak” azokat a sokszog-
gel lehatarolhato foltokat tekintettiik, ahol a ZFI 20%-nal
nagyobb noévekedést vagy csokkenést jelzett. A tovabbiak-
ban a teriileti elemzések a 20%-nal nagyobb mértékd “val-
tozés-foltokra” koncentraltak. A legkisebb méretti “valto-
zas-foltot” ugy lehet elképzelni mint egy nagyobb lombko-
ronaju fa kivagasat, vagy egy intenziv zoldtet6 telepitését
egy csaladi haz tetején (5. dbra).

A 2020-as év Osszevetése az 1992-es évvel azt mutatja,
hogy a véltozas-foltok tertilete 2,37 km? volt, ami a kerti-
let 13,1%-a. Amennyiben a 2020-as évet a 2015-0s évvel
hasonlitjuk 6ssze a valtozas-foltokkal érintett tertilet
1,17km? ami a kerlilet 6,5%-a. A valtozas-foltok szama gg4
volt az 1992-2015 idészakban, de a 2015-2020 idészakban
mar 2052 darabot ért el. Ez a novekedés lehet a jele az
aproébb teriiletfi valtozasok szaporodasanak is, de részben
a 2015 utani képek nagyobb felbontadsadnak koszonheto
(Sentinel miihold, 10 m-es felbontéssal).

Az eredmények azt mutatjék, hogy az id6rél-idére
késziil6 valtozas-elemzések valtozas-foltjai atfednek egy-
massal. Ez azt jelenti, hogy néhany teriilet, ami a zoldfe-
lillet csokkenését mutatta 1992-2015 idészakban, lehetsé-
ges, hogy a 2015-2020 idészakban mar névekedést mutat
és mas teriileteken hasonlé dolog torténhet épp forditott
irdnyban. Megjegyzendd, hogy a felhagyott Rdkosrendez6

vasutéllomas jelentds tertiletét teszi ki az 6sszes valto-
zas-foltnak valamennyi id6szakban (12%-t61 30%-ig). Ez azt
jelzi, hogy a korabbi vasutallomas és kornyezete kifejezet-
ten "valtozasra hajlamos” része a keriiletnek (6. abra).

A 2015-2020 kozotti valtozas-foltok atlagos kiterjedése
0,057 hektar (570m?), és a legnagyobb foltok Alsérakos és
Herminamezd keriiletrészekben talalhatok (6,6 hektaros
tertlettel). A legjelentsebb valtozas Alsérakoson tortént,
ahol a Paskal lak6parkok épiiltek fel (9. dbra). Itt egy 6t
hektaros teriiletd folt majdnem teljesen elveszitette zold-
feltilet-intenzitasat 202o0-ra.

A 2015-2020 kozotti csokkenés-foltok szama (1521)
majdnem haromszor akkora, mint a novekedés-foltok
szama (531), mig a korabbi 23 év alatt ez a két szam nagy-
jabol egyenld volt (474 és 520). Ez azt jelenti, hogy az
utolso 6t évben haromszor tobb csokkenés-folt keletke-
zett, mint novekedés-folt. Amennyiben a valtozas-foltok
kiterjedését nézziik meg a 2015-2020 idészakra a mérleg
még rosszabb. A csokkenés-foltok tertilete 6tszor nagyobb
(0,99km?), mint a novekedés-foltok teriilete (0,19km?).

A 2015-2020 kozotti iddszakban Istvanmez6 keriilet-
résznek volt a legnagyobb tertileti aranyt novekedés-foltja
a kertiletrész ossztertiletéhez viszonyitva (2,1%). A nove-
kedés 45 foltban tortént meg, féként a a Puskas Ferenc
Stadion kornyékén, ahol 2015-ben az atépités mar elkezdé-
dott, és 2020 nyarara mar majdnem teljesen kész allapotba
keriilt az uj zoldfeliiletek egy része tekintetében (7. Abra)
Ugyanakkor a 2015-2020 idészakban a csokkend véalto-
zas-foltok teriilete a Varosligetben elérte a keriiletrész

4D 67,30~43.(2023)
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5. abra/Fig. 5: A véltozas-foltok példai fakivagas és zoldtetd-épités
esetén / Examples of change patches for tree felling and green roof
construction

\

OpenStreetMap \

Dance Art High School nelghbourhood
Tancmilivészeti Féiskola kornyéke
Orthophoto / Ortofoté

Lechner Knowledge Center
2015. 05. ll:

Orthophoto / Ortofotd

space in Hungary's capital city. The preliminary study of
the project [2] about Budapest and its agglomeration used
the so-called “theoretical green space” calculation method
based on NDVI values.

Previous green space mapping studies supported this
research with numerous lessons learned, either through
GIS application and visual interpretation activity [3] or
using the keywords of "green space ratio” and "biologically
active areas” [4], prompting researchers to adapt the NDVI
to urban green space analysis. The NDVI and the method
developed on the basis of NDVI show the biological activ-
ity of the green coverage. Accordingly, the publications of
2006 and 2007 used the term "biological activity of green
space” [5, 6, 7]. At the same time, a ministerial decree
[8] announced the “biological activity value” calculation
method, and it then became more appropriate to intro-
duce and use the term “Green Space Intensity” for satellite
image-based green space mapping and calculations [g].

The Green Space Intensity (GSI) method has been
developed and revised through sample area validations,
tests and feedback. UAs an index, GSI shows the spatial
ratio and health of vegetation within territorial units. The
database generated from satellite images and orthophotos
provides information about the territory and the vital con-
dition of vegetation with one combined value. It ranges
from zero to one hundred, and shows the intensity of the
green space within the analysed territory. The method
is generally used for decision-support regarding urban
development plans, as a tool for green space analysis

and mapping, change mapping and spatial assessment of
green spaces e.g. serving recreational needs [10].

MATERIALS AND METHODS
The research is based on the spatial analysis of Green
Space Intensity (GSI) and the change in Green Space
Intensity. The analysis used 20 satellite images (Landsat 8
and Sentinel 2) from 2015 and 2020, and it used the data
and the results of the previous studies, which were using
eight Landsat images (Landsat 4, 5 and 8) from the years
1992 and 2015. In order to define GSI, we used the method
published by Jombach in 2011 [11]. The method is based on
NDVI [12], which is widely used to indicate the biological
activity of vegetation, but is revised through sample area
tests. Green Space Intensity is a combined indicator of the
presence and the health of vegetation. It shows the ratio
and vitality of vegetation with one single value (ranging
from o to 100%). The study focuses on Budapest’s 14™
district, which is in the capital’s transitional zone, but it
has many garden city areas, family houses with gardens,
green areas and brownfield sites. The district is officially
divided into eight sub-divisions (Figure 1).

The GSI change analysis was conducted for the years
1992, 2005, 2010 and 2015, using only Landsat images
with 3om spatial resolution [13] [14]. In the current study,
we used Sentinel images with 10m resolution and consid-
ered 2015 as a base year [15]. The data processing steps
are shown in Figure 2. The limitation of the method is that
vertical green surfaces (green walls, green facades) cannot
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6. abra/Fig. 6: Rakosrendez§ vasttallomas: A véltozékony kérnyék /

4D 67,30~43.(2023)

7. abra/Fig. 7: Sok valtozas-folt, kis nyereség a Puskdas stadion kdrnyékén
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A change-prone neighbourhood: Rékosrendezd railway station

2015. 05. 14.

Orthophoto / Ortofoté
Lechner Knowledge Center |

11,8%-4t. A legtobb valtozas a kdzépso, a déli és az északi
részein tortént. A névekedés-foltok (20% feletti ZFI nove-
kedés) 6sszesen egy hektart értintettek, mig a csokke-
nés-folttal érintett teriiletek (20% feletti ZFI-cstokkenés)
majdnem 16 hektart is elértek 2020-ig (4. Abra).

Az atalakulds alatt all6 teriiletek altaldban veszélyez-
tetik a szomszédos teriiletek zoldfelileteit is, koszonhe-
téen annak, hogy munkateriiletként funkcionalnak. Még
akkor is, ha a fejlesztési munkalatok célja, hogy végered-
ményben noveljék a zoldfeliiletet, az épitési munkalatok
befejezése utan kozvetlentil altaldban csokken a zoldfelii-
let nemcsak a teriileten beliil, hanem a kornyez6 tertilete-
ken is (6. abra). A zoldfeliilet novekedése csak nagyon kis
szamu befejezett projekt esetében figyelheté meg azon-
nal. A zoldfeliilet-intenzitas novekedését csak akkor lehet
tapasztalni és dokumentdlni, amennyiben a névényzetnek
id6t adunk, és éveken at gondjat viseljiik. Felmertil a kér-
dés, hogy mit jelent az “éveken at"? A gyepek és gyomos
zoldfeliiletek esetében lehet akar csak egy-két év, de fak
esetében &ltaldban tobb mint 6t évre van sziikség, amig a
lombkorona novekedése érzékelhet6 az iiltetést kovetden.
Jelent6s novekedés pedig altaldban 10 év utan kovetkezik
be, de ez sok tényez6t6l fiigg (faj, helyi adottsagok, fenn-
tartas stb.).

A zoldfelilet-intenzitast noveld “projektek” néme-
lyike barnamezds beruhazasbdl indulé meguijulas, mint a
Dorozsmai utcai példa, ahol korabbi ipari teriilet alakult
at két évtized alatt apartmanhazas lakoteriiletté (Leven-
dula Apartman) és kapcsolédé zoldfeliileteivé. Hasonld
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tortént a Zoldvaros Lakopark és a Porcelan Laképark
teriiletén. A Levendula Apartman zoldfeliiletei kicsik
ugyan, de legaldbb nagyobbnak nevezhet6k, mint korab-
ban (8. arba). Sok esetben elmondhatd, hogy - amig az
épitkezési lendiilet aldbbhagyott 2008 tajan - a novényzet
elfoglalta a teriiletek egy részét, és adodhatott volna lehe-
téség arra is, hogy az ilyen teriileteken kozcéld, mingségi
zoldteriilet-fejlesztés induljon el, de nem volt elég erétel-
jes helyi érdek és szandék a zoldfeliiletek fejlesztésére.
Szerencsére a kozelben egy 6voda és egy irodahaz is zold-
tetével rendelkezik - 6sszesen 2250m? teriileten. A zold-
tet6 majdnem fele a 2015-2020 id6szakban késziilt el, de
mindketté haszndalata korlatozott.

Sajnalatosan tobb és nagyobb teriileten tortént zold-
mez06s beruhdzas a keriiletben. Ezek tobbnyire olyan
beépitetlen zoldfeliileteken valdsultak meg, amelyek jo
kozlekedési kapcsolatokkal rendelkeznek, és példaul a
Réakos-patak és a Paskal Termalfiird6 vonzo kornyezeté-
hez tartoztak. Zoldinfrastruktara-fejlesztési szempontbol
sajnélatos, hogy ezek a lakénegyedek az utolsé hektar-
nyi zoldfeliileteket élik fel a keriilet egyetlen kisvizfolyasa
mellett, aminek a legerésebbek a kapcsolatai a févaros
Okoldgiai halozatahoz. Ezek a zoldfeliletek rendelkeznek a
legnagyobb pontencidllal, hogy j6 mindségt multifunkcios
zoldfeliiletté fejlessziik 6ket. A legtobb adodo lehetdséget
mar elszalasztottuk, és csupan néhany ilyen maradt meg.

Alakopark tipusu lakétertileti fejlesztések tobb, mint
20 hektarnyi teriiletet értek el a vizsgalt 28 évben. A leg-
jelentésebb példak ezek koziil a Hermina Lakdpark, a

/ Many change patches, limited gain of green spaces around Puskds Stadium

Puskas Stadium neighbourho
Puskas Stadion kornyék

od

be mapped with the same significance as these surfaces
appear in the cityscape. Of course, the type of change does
not cover all possible land use change options.
In the analysis, we considered and used the following
metrics to obtain results:
- Satistical mean of Green Space Intensity (GSI)
(Average value of Green Space Intensity)
- Statistical mean of GSI change (Average of change
values)
« Number of GSI change patches (Number of polygons
with more than 20% GSI change)
« Area of GSI change patches (Area of polygons with
more than 20% GSI change)
« Number of patches with GSI increase (Number of
polygons with more than 20% GSI growth)
« Number of patches with GSI decrease (Number of
polygons with more than 20% GSI loss)
« Area of patches with GSI increase (Area of polygons
with more than 20% GSI growth)
- Area of patches with GSI decrease (Area of polygons
with more than 20% GSI loss)
- Type of phenomenon causing GSI change (Based on
the change in land use, maintenance)

RESULTS
The mean value of Green Space Intensity (GSI) changes
is a statistical value that shows the average of all GSI
changes detected over a given time period. This analysis
shows that Green Space Intensity grew by 3% (from 34%
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to 37%) in the 14™ district in the 1992-2020 period. This is
the fourth best value among Budapest's 23 districts over
the 28 years. In the 2015-2020 period, the GSI change
mean value trended in quite the opposite direction. Green
Space Intensity decreased by 3.1%. These numbers show
that the mean of 28 years of change was mostly growth,
but the last five of these 28 years predominantly regis-
tered a decrease in the mean GSI value.

Looking at district areas, the highest GSI change was
in Lower Rakos (mean value: +8.4%) over 28 years, thanks
to spontaneous vegetation growth in the abandoned rail-
way station of Rdkosrendezd. The lowest change value in
28 years was in the City Park (mean value of 1992-2020:
-5.7%), due to the construction works (Figure 4.) that
occurred mostly in the last five years before 2020 (mean
value reaching -6.5% in 2015-2020). Comparing the 1992-
2020 period as a whole to 2015-2020, we can see that the
latter certainly fared worse in terms of the GSI change for
the whole district. This is shown in the maps (Figure 3.).

As an indicator, the statistical average (mean) seemed
to have less relevance in the spatial analysis than the
area and number of change patches. Change patches
were considered the “polygons with changes of more than
20%”, either an increase or decrease. The following anal-
ysis focuses on the territorial analysis of these change
spots. The smallest “change patch” (more than 20%) can
be explained or visualised as a big tree being felled or the
development of an intensive green roof on the rooftop of a
family house (Figure 5).
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8. abra/Fig. 8: Lakopark-fejlesztés az egykori barnamez6s teriileten a
Dorozsmai utcéban / Development of a housing estate on a former brownfield
site in Dorozsmai street

2V LW &
Levendula neighbourhood

.

¥

Levendula kdrnyék

Paskal Lakdpark és a Cordia Thermal Laképark (g. Abra).
Az elmult években bejelentett “Zuglé Varoskodzpont” egy
tobb, mint 6,5 hektaros fejlesztési teriilet. Jelenleg a terii-
let “zoldfeliilet”, és a beruhézas a kertilet 4j lakdtertileti és
irodahdazas kozpontjaként keriilt beharangozasra séta-
léutcaval, szokatlanul magas épiiletekkel. Ezzel a fejlesz-
téssel a kertilet elvesziti a lehetdséget, hogy novelje a
zoldfeliilet-intenzitast a kozponti keriiletrészen.

A valtozas-foltokat 24 tipusba soroltuk annak megfele-
16en, hogy milyen jelenség véltotta ki a zoldfeliilet-intenzi-
tas valtozasat. Az osztalyozas a teriilethasznalat-valtoza-
sanak, fejlesztésnek, esetleg felhagyasnak, vagy a zold-
feltilet hasznalatdban vagy kezelésében bekovetkezett
valtozasnak megfelel6en tortént. A tipusokat fényképes
példakon keresztiil sikertilt 6sszefoglalni és illusztralni
(1. és 2. tablazat). A leggyakoribb névekedés-tipusok kozé
tartoztak a tertilet hasznélatanak felhagyasa kovetkezté-
ben fellép6 spontan novekedés és a fak lombkoronajanak
novekedése. El6bbiek érintették a legnagyobb teriiletet
is, kiilénosen az 1992-2015 és az 1992-2020 id¢szakban.

A legkevesebb foltban a zoldtets-létesitése és a sportpa-
lyak 4j gyeptertilete jelent meg a kertiletben.

Az intenzitas-csokkenés foltjai koziil a leggyakoribbak
a parkolok létesitéséhez tartoztak. Sok kisebb foltban,
sok helyen jelentek meg a keriiletben kozteriileten is, de
leginkabb intézményi vagy magantulajdonban 1évé telke-
ken beliil. A legnagyobb kiterjedésti csokkenés-teriiletet a
z0ldmezds lakéteriileti beruhazasok és az 6sszefiiggd fas
zoldfelilletek megsziinése (kivagésa) jelentette.
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OSSZEFOGLALAS
A kutatés célja az volt, hogy a nagy valtozasi mértéket
mutato XIV. keriiletben tigy elemezziik a zoldfeliilet-inten-
zitas valtozasait, hogy meghatarozzuk:

+ a valtozas domindns iranyat (statisztikai és teriileti
statisztikai modszerekkel),

« a valtozasok térbeli sajatossagait (a valtozas-foltok
szamanak és teriiletének felhasznalasaval),

- a valtozasok jellegét (egyedi, hasznalatra épiils
tipizalassal).

A kutatas eredményei két csoportban foglalhaték ssze.
A modszertani kovetkeztetések az eredményeket techni-
kai szempontbdl mutatjék be, a zoldfeliilet-intenzitas val-
toz&sabol fakadé kovetkeztetések a térképezési eredmé-
nyeket a keriileti zoldinfrastruktara-fejlesztés szempont-
jabol értelmezik.

Moédszertani eredmények és kovetkeztetések:

« A valtozas-foltok szama és teriilete gondosabban
mutatja be a valtozasok sajatossagait, mint a pusztan
az atlaggal jellemzett zoldfeliilet-intenzitas értékek.

« A valtozasok tipusa tobb tanulsdggal szolgél a terve-
z6knek és a beruhdzoknak, mint a zoldfeliilet-intenzi-
tas valtozasanak (GSI) dsszegzett statisztikai jellem-
zése egyetlen szamértékkel.

« Az (irfelvételek felbontasanak novekedése tobb
megfigyelhet6 valtozasi foltot ad, ezért a foltok szama
magasabb a 10 méteres felbontasu elemzésnél,

4D 67,30~43.(2023)
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9. abra/Fig. 9: Z6ldmez8s beruhazés a Paskal Thermal Fiirdg
kornyéki laképarkok épitésekor / Greenfield investment of housing estates

in the Paskdl Thermal Spa neighbourhood

-2020
e
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OpenstreetMap 7\

The results for 2020 compared to 1992 show that the
area of change patches was 2.37km? around 13.1% of the
district. If we compare 2020 to 2015, the territory affected
by change was 1.17km? approximately 6.5% of the district.
There were 994 change patches in the 1992-2015 period,
but 2,052 polygons in the 2015-2020 period. This increase
could also be a sign of more small changes in the last few
years, but is partly the result of higher resolution images
after 2015 (Sentinel satellite, 10m spatial resolution).

The analysis shows that some of the change patches
overlap with each other from time to time. This means that
some areas that saw a decrease in greenery from 1992 to
2015 then saw an increase in the following period (2015-
2020), and vice versa. It is remarkable that the area around
the abandoned railway station of Rdkosrendez6 accounts
for a significant ratio in area terms of all the change
patches (from 12% to 30%) in each time period. This means
that the former railway station and its surroundings are a
particularly”change-prone” part of the district (Figure 6).

The mean area of change patches in the 2015-2020
period was 0.057 hectares (570mz2), and the biggest
change patches are found in the Lower-Rakos and
Hermina-field sub-districts (covering a size of 6.6 hec-
tares). The most intensive decrease occurred in Lower-
Rékos, where the Paskal residential area was under con-
struction (Figure g). Here, a patch covering five hectares
lost almost the entirety of its Green Space Intensity.

The number of land patches with a decreasing GSI
(1,521) were almost three times higher than the number

with an increasing GSI (531) in the 2015-2020 period,
while in the previous 23 years, these numbers were
approximately equal (474 and 520). This means that in
the last five years, there were three times as many sites
recording a decrease than an increase. If we compare the
territory covered by change patches in the 2015-2020
period, the situation is even worse. The land area with
falling GSI was five times bigger (0.9ggkm?) than the area
with rising GSI (0.19km?).

In 2015-2020, the Stephen’s field district part had the
highest ratio of positive change patches as a percentage
(2.1%) of the sub-division’s area. Growth occurred in 45
patches mostly dominated by the neighbourhood of the
Puskas Ferenc Stadium, which was under construction
in 2015 and was almost complete with new green areas by
2020. (Figure 7) At the same time, in 2015-2020, the area
of negative change patches reached 11.8% of the territory
covered by the City Park. The most changes occurred in
the central, southern and northern parts of the City Park.
The area of patches affected by an increase in GSI (more
than 20%) was approximately one hectare, and the area
affected by a decrease in GSI (more than 20%) within the
park totalled almost 16 hectares up to 2020 (Figure 4).

Sites under tansformation usually endanger the neigh-
bouring area’s green spaces, owing to the fact that they
are used as work areas. Even if the development pro-
ject is intended to increase the area of green spaces, the
construction works usually ruin the green space not just
within the sites but in the neighbourhood more generally
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CHANGES IN GREEN SPACE INTENSITY IN BUDAPEST'S 14TH DISTRICT

1. tablazat/Table 1: Zldfelilet-intenzitas ngvekedés-tipusok a XIV.
kertiletben / Types of growth in Green Space Intensity in the 14th District
A KEPEK FORRASA: ORTOFOTG, LECHNER TUDASKOZPONT / IMAGE SOURCE: LECHNER

KNOWLEDGE CENTRE

Zoldfeliilet-intenzitas ndvekedését kivalto
jelenségek / Phenomena causing growth in

Green Space Intensity Green Space Intensity

Zoldfeliilet-intenzitas ndvekedését kivalto
jelenségek / Phenomena causing growth in
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Zoldfeliilet-intenzitas ndvekedését kivalto
jelenségek / Phenomena causing growth in

Green Space Intensity

Koréabban / Earlier Késthb / Later Korabban / Earlier Késéhb / Later Korabban / Earlier Késdbb / Later
(2015) (2019) (2015) (2019) (2015) (2019)
1. Lombkorona névekedése / Canopy growth 2. Epiilet-bontés / Building demolition 3. Tertilet-hasznalat felhagyasa / Land abandonment

.. Bolygatott terlilet spontan gyepesedése
gyomosodasa / Spontaneous grass and weed
growth on disturbed area

5. Zoldfeliilet minGségi javuldsa /
Improvement of green space quality

6. Zoldfeliilet minGségi javuldsa lakétertleten /
Improvement of green space quality in

residential areas

|

7. Kézhasznélatt zoldfellilet megujitas /
Renewal of public green space

8. Sportpélya gyepesitése

(kép forrasa: Google

Earth, 2020) / Lawn installation on sports fields
(image source: Google Earth, 2020)

9. Zoldtet§ létrehozésa /
Creation of a green roof

mint a 30 méteres felbontasu elemzés esetén. Ezért

a foltok szamanak novekedésébdl nem feltétleniil
kell kovetkeztetést levonni. A novekedés- és csokke-
nés-foltok egyméashoz viszonyitott ardnyabol azonban
mar indokolt és lehetséges is érdekes tanulsagokat
levonni.

A zoldfeliilet-intenzitas valtozasahoz kapcsolodé kovet-
keztetések:

- Eltekintve az elhagyatott Rdkosrendez6 palyaudvar
teriiletétél - ami spontan gyomosodast, cserjésedést,
erddsiilést produkalt, és ezaltal alacsony mingségli
zoldfeliileteket hozott invazids fajokkal - mindkét
vizsgalt id6szakban (1992-2015 és 2015-2020) z61d-
feliilet-intenzitas csokkenés tortént. Ezt a tertileti
statisztika eszkozeivel és a valtozas-foltok tertiletével
is igazoltuk.

« A zoldfeliilet-intenzitas csokkenés-foltok szamaranya
az 0sszes valtozasi folt kozott joval magasabb volt
a 2015 és 2020 kozotti években, mint az 1992-2015
kozotti id6szakban. A 2020-ig tarté idészakban a
csokkenés-foltok teriilete is nagyobb, mint a noveke-
dés-foltok tertilete. Ez azt jelenti, hogy az utolso vizs-
galt 6t évben a keriiletben a korabbinal intenzivebb
és egyértelmiibb zoldfeliilet-intenzitas-csokkenés volt
tapasztalhaté, mint korabban.
« A valtozasok tipusai azt mutatjék, hogy a valtozasokat
nagymeértékben meghatarozza a zoldfeliilet-hasznalat,
tovabba befolyasolja az er6s beruhazasi potencial és
a zoldfeliiletek alkalmassaga a lakossagi vagy kozle-
kedési fejlesztések kiszolgalasara. A zoldmez6s beru-
hazasok esetében nagy a kockazata a zoldfeliilet-inten-
zitds csokkenésének, de a barnamez@s beruhazasoknal
van lehet6ség a zoldfeliilet-intenzitas novelésére. ©
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(Figure 6). Only a very limited number of completed pro-
jects show an immediate increase in green space. This is
especially true since growth in Green Space Intensity can
only occur and be documented if vegetation is allowed

to grow or is specially taken care of for many years. The
following question may therefore arise: What does "many”
years mean? In the case of grassy or even weedy vege-
tation, it may be only one or two years, but in the case

of trees, it usually takes more than five years until can-
opy growth can be detected after plantation. Significant
growth usually comes after ten years, but it depends on
many factors (species, local conditions, maintenance etc.).

Some of the "projects” aimed at increasing GSI may
be brownfield regeneration projects, as is the case with
Dorozsmai street where a former industrial site was
transformed over two decades into a residential site
comprising apartment buildings (Levendula Apartments)
and related green sites. A similar process occurred in the
Zoldvéros and Porceldn housing estates over a longer
period. The green spaces in and around Levendula Apart-
ments are small, but they are at least bigger than before
(Figure 8). In many cases, we could mention that vegeta-
tion took over the sites when construction work stopped
around 2008, and quality green areas could have been
developed for public use, but there was not sufficiently
strong local interest or will to enhance green spaces.
Luckily, a kindergarten and an office building nearby have
green roofs covering an area of 2,250m? Almost half of
this was completed in the 2015-2020 period, but its use is
restricted.

Unfortunately, there are more and larger examples of
greenfield investments in the district. These mostly used
open green spaces in the district close to good transport
links and the appealing Rakos Creek and Paskdal Thermal
Spa neighbourhood. Sadly, in terms of urban green infra-
structure development, these residential areas occupy the
last remaining hectares of green spaces along the only
watercourse in the district, which has the strongest links
to the capital’s ecological network. These green spaces
have the strongest potential in the district to be devel-
oped into a multifunctional and high-quality green area.
Most of these opportunities have been missed, and only a
few remain.

The “housing estate” model of residential investments
covered more than 20 hectares in the 28 years analysed.
The most significant examples are the Hermina, Paskal
and Cordia Thermal housing estates (Figure g.). The
“Zuglé City Centre” development site, announced recently,
covers more than 6.5 hectares. The land was previously
“greenfield” site, at present it is a construction site, and
the investment has been heralded as the district’s new
residential and office centre, with a pedestrianised area
and unusally high buildings. With this development, the
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district will lose the opportunity to increase Green Space
Intensity in its centre.

We classified the change patches into 24 types. The
classification was based on the phenomena that caused
the changes. These are related to land use changes due
to development or abandonment, or to the change in the
use or the maintenance of the green space. A summary
and illustration of change types using orthophotos are
provided in table 1 and table 2. The most frequent types of
increase were spontaneous green growth due to the aban-
donment of areas and tree canopy growth. The abandon-
ment type affected the largest areas in particular in the
1992-2015 and 1992-2020 periods. Growth changes relat-
ing to green roofs and sports fields appeared in the lowest
number in the district.

Development of parking lots was the most frequent
cause of a decrease in GSIL. These appeared in many
patches in various locations in public spaces, but particu-
larly on private or institutional plots. The biggest area
to register a decrease was affected by greenfield invest-
ments for residential use (housing estate development),
and the felling of woodland.

SUMMARY
The goal of the research was to analyse the changes in
Green Space Intensity based on satellite images in Zuglé,
Budapest’s 14th district, and the areas making up the dis-
trict. Specifically, this means that the objectives were:
« to determine the dominant direction of change (using
statistical and territorial statistical methods)
- to describe the spatial characteristics of changes (by
number and by territory of change patches)
- to categorise the changes in types (using a special
classification by use of the area).

The results of the study can be summed up in two groups.
The methodological conclusions show the results from a
technical viewpoint, and the Green Space Intensity con-
clusions interpret the green infrastructure development
of the district.

Methodological results and conclusions:

* The number and area of patches give more insight into
the nature of changes than simply the mean of the
Green Space Intensity (GSI) change.

« The change types provide more lessons to planners
and developers than simply the summed statistical
value of change in Green Space Intensity (GSI).

- The increase in satellite image resolution generated
more change patches to be observed, which is why the
number of patches is higher with the 10m resolution
analysis than with the 3om resolution analysis. It is
not therefore necessary to draw any conclusions from
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2. tablazat/Table 2: Z6ldfeliilet-intenzitas csokkenés-tipusok a XIV.
kertiletben / Types of decrease in Green Space Intensity in the 14th District
A KEPEK FORRASA: ORTOFOTG, LECHNER TUDASKOZPONT / IMAGE SOURCE: LECHNER

KNOWLEDGE CENTRE

Zoldfeliilet-intenzitas csokkenését kivalté
jelenségek / Phenomena causing decrease in
Green Space Intensity

Zoldfeliilet-intenzitas csokkenését kivalto
jelenségek / Phenomena causing decrease in
Green Space Intensity
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Zoldfeliilet-intenzitas csokkenését kivalté
jelenségek / Phenomena causing decrease in
Green Space Intensity

Késtbb / Later
(2019)

Korabban / Earlier
(2015)

Késtbb / Later
(2019)

Korabban / Earlier
(2015)

Késtbb / Later
(2019)

Korabban / Earlier
(2015)

10. Laképark létesitése zdldmezds
beruhdzéasként / Construction of a residential
area in greenfield investment

11. Parkol kialakitdsa /
Construction of a parking lot

12. Fés zoldfeltlet megsziinése /
Felling of woodland area

13. Rekredcids célti fejlesztés /
Recreational development

14. Zoldfellilet-fejlesztés tdinyomadan
épitett elemekkel / Green space development
with pre-dominantly built elements

15. Ideiglenes zéldfelilet-csokkenés /
Temporary reduction of green space

Conclusions related to changes in Green Space Intensity:

« If we do not consider the area around the abandoned
railway station of Rdkosrendezd, which provided
spontaneous green growth and thus low quality green
spaces with invasive species, in both analysed time
periods (1992-2015 and 2015-2020), a loss in Green
Space Intensity occurred. This was proven by territo-
rial statistics tools and calculations regarding the area
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the increase in the number of patches. However, it is
worth drawing conclusions from the relative ratio of
patches showing an increase or decrease.

of change patches in the district.

The ratio of patches showing a decrease in green
space intensity among all change spots was much
higher in the years from 2015 to 2020, than in the
1992-2015 period. In the later period, the area of spots
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showing a decrease was also larger than those show-
ing an increase. This means that in these five years,
the district experienced more intensive loss in Green

Space Intensity than previously.

« The types of changes show that the changes are
driven predominantly by the use of green spaces and
influenced by their strong investment potential and
suitability especially for residential or transport devel-
opments. There is a high risk that greenfield invest-
ments lead to a decrease in Green Space Intensity, but
brownfield investments have the potential to increase
Green Space Intensity. ©

@osle)

This work is licensed under Creative Commons 4.0
standard licenc: CC-BY-NC-ND-4.0.

16. Sportcélti fejlesztés /
Development for sports purposes

17. Miifiives vagy burkolt sportpélya létesitése /
Construction of an artificial turf or paved sports field

18. Kézteriileti fakivagas /
Felling of trees in public areas

' Eﬁ@/

19. Lakétertileti épitkezés /
Residential construction

20. Korlatozottan ldtogathaté intézmény
parkold-fejlesztése / Parking lot development
for a restricted access facility

21. Kozterlileti parkol6 teriiletigénye /
Area for public parking

22. Fak ifjitasa, visszametszése /
Rejuvenation and pruning of trees

23. Er6teljes zoldfelulet kezelés, visszavagas /
Intensive green space management

24, Ipari, gazdaségi v. kereskedelmi teriilet létesitése
/ Industrial, economic or commercial development

Studio Metropolitatna (2006): Pro Verde!
Budapest Zoldfeliileti Rendszerének Fejlesz-
tési Koncepcidja és Programja (egyeztetett
dokumentécio), (in English: Development
Concept of Budapest’s Green Space System)
Studio Metropolitana Urbanisztiaki Kutato
Kozpont Kht. Budapest

Studio Metropolitatna (2006): A zoldfeliileti
rendszer allapota és valtozasa Budapest éa
Budapesti Agglomeracio teriiletén 19go-
20085, (in English: The status and changes of
green space system in Budapest and in the
Budapest Agglomeration) Studio Metropo-
litana Urbanisztiaki Kutaté Kozpont Kht.
Budapest

Okoplan Kft (1994): Budapest Digitalis Zold-
feliileti Kataszter, (in English: Green Space
Cadastre of Budapest) Budapest Févaros
Fopolgarmesteri Hivatala Kornyezetvédelmi
Ugyosztalya, Budapest

M. Szilagyi Kinga (1993): Telepiilés
zoldfeliileti rendszerének vizsgélati és
értékelési modszerei (in English: Analysis
and assesment methods of municipal green
space system), Kertészeti és Elelmiszeripari
Egyetem, Kert és Teleptilésépitészeti
Tanszék, Budapest, Kandidatusi értekezés
Gabor Péter, Jombach Sandor, Ongjerth
Richard (2006): Budapest zoldfeliileti
allapotfelmérése trfelvételek feldolgo-
zasaval (in English: Green space surwey of
Budapest with satellite image processing),
4D Téajépitészeti és Kertmiivészeti Folyoirat,
Budapesti Corvinus Egyetem, Tajépitészeti
Kar, Budapest, 4. szam, pp.15-22.

10

Gabor Péter, Jombach Sandor, Ongjerth
Richard (2007): A bioldgiai aktivitas
valtozdsa Budapesten és a Budapesti
Agglomeracioban 1990 és 2005 kozott,

(in English: Green space change surwey of
Budapest with satellite image processing),
4D Téjépitészeti és Kertmiivészeti Folydirat,
Budapesti Corvinus Egyetem, Tajépitészeti
Kar, Budapest, 5. szdm, pp.21-28.

Jombach Sandor (2007): Landsat image uti-
lisation in Green Surface intensity Survey
of Budapest, microCAD 2007 International
Scientific Conference, Miskolci Egyetem
Innovacids és Technoldgia Transzfer
Centruma, Miskolc, pp 105-110

g/2007. (IV. 3.) OTM rendelet: a teriiletek
bioldgiai aktivitasértékének szamitasarol
(in English: decree about the calculation of
biological activity value of areas)

Péter Gabor, Sandor Jombach (2008):
Zoldfeliilet Intenzitdas és a varosi hésziget
jelenségének osszefiiggései Budapesten, (in
English: Relations of Green Space Intensity
and Urban Heat Island phenomenon in
Budapest), Falu Varos Régio, Budapest,
2008/1. szam Vati Kht. pp 31-36

M. Szilagyi Kinga, Bathoryné Nagy Ildikd
Réka (2017): Urban Landscape Architecture
- Green network research on recreational
needs and social care, Varosi Tajépitészet -
Zoldhal6azt kutatasok a rekredcios igények
és a szocidlis ellatas tiikrében, Journal of
Landscape Architecture and Garden Art -
4D Téjépitészeti és Kertmiivészeti Folydirat.
No. 46. 2017, 2-31

11

12

13

14

15

Jombach Sandor (2012): Térségi vagy
telepiilési szint( zoldfeliilet-intenzitas
tavérzékelési elemzésének maddszere. (in
English: Regional or municipal analysis
methods of Green Space Intensity with remote
sensing), 4D: Tajépitészeti és Kertmiivészeti
Folyoirat Kiilonszam, 219-232.

Gibson, Paul ]. Power Clare H. (2000):
Indroductory Remote Sensing, Digital Image
Processing and Applications, Routledge,
London, 2000, pp117-118.

Jombach Sandor (2011): A 2010. évi Buda-
pesti Zoldfeliileti Intenzitas (ZFI) adatbazis
leiréasa, (in English: Description of the Green
Space Intensity dataset of Budapest in 2010),
BCE, Tajtervezési és Tertiletfejlesztési
Tanszék, Budapest

Jombach Sandor (2011): Zoldfeliilet-inten-
zitas elemzése tavérzékeléssel a Budapesti
Agglomeracioban, (in English: Analysis of
Green Space Intensity with Remote Sensing in
Budapest Agglomeration) Elhet6 Telepiilési
T4j Kutatasi Program, BCE Téjtervezési és
Tertiletfejlesztési Tanszék

Budapest Févaros Onkormanyzata (2017):
Budapest Zoldinfrastruktira Koncepcidja I.
és II. kotetek Helyzetelemzés és értékelés,
koncepcid. (in English: Green Infrastructure
Concept of Budapest, Volume 1. and 2. Status
report and assessment, Concept) Budapest,
Budapest F6varos Onkormanyzata


https://creativecommons.org/licenses/by-nc-nd/4.0/deed.hu
https://creativecommons.org/licenses/by-nc-nd/4.0/deed.hu

b

FLOHELYMINOSEG-ERTEKELES
AZ INVEST MODELL ALAPJAN
— ZHENGZHOU, KINA

HABITAT QUALITY ASSESSMENT
BASED ON INVEST MODEL

— ZHENGZHOU, CHINA

LIU MANSHU | KOLLANYILASZLO | WANG XINYU | SHI ZHEN

ABSZTRAKT
Az emberi tevékenységek és az urbanizécié globdlisan
befolyasoljak a foldteriiletek 6koldgiai integritasat, az
Okologiai halézatok folyamatossagat és a természetes
él6helyek feldarabolodéasat okozva. A folyamatok vilag-
szerte okoldgiai kockazati problémakat eredményeznek.
Az egyes tajfoltok okologiai funkcioi leromlanak vagy
akar el is tlinhetnek. Vizsgalni kell ezért az urbaniza-
cio foldhaszndlati valtozasokra, természetes él6helyekre
gyakorolt hatdsat. A kutatdsi teriilet Zhengzhou véros,
amely a 21. szadzad eleji gyors urbanizacié mintapéldaja
Kozép-Kindban. Az InVEST-él6helymingségi modell és az
ArcGIS térinformatikai szoftver segitségével értékeltiik
Zhengzhou foldhaszndlatanak és él6helymindségének
valtozasait 2000 és 2020-es évek kozott. Az eredmények
azt mutatjak, hogy: @ Az épitési teriilet nagysaga 2000
és 2010 kozott 806,76 km?-rel ugrasszeritien megndétt, mig

2010-2020 kozott a novekedés titeme évi 33km?re lassult.
A beépitett tertiiletek nagy része korabban szanto6fold volt.

Az erd6 és a gyeptertilet is jelentésen csokkent a térség-
ben 2000-2010 kdzott, de 2010-2020 kozott a csokkenés
nem volt ennyire latvanyos. Ez azt jelzi, hogy a varosi

terjeszkedés a 2000-2010 kozotti felgyorsult id6szakbdl

fokozatosan egy lassul6 tendenciaba fordult 2010-2020
kozott. A beépitések nagy része ebben az idészakban els6-
sorban a szdntoétertiileteket érintették. @ A nyugati és déli
hegyvidéki erd6k él6helyminsége magasabb volt, mig a
keleti siksagon az alacsony él6helyminéségt tertiiletek a
varosépités fejlédésével fokozatosan béviiltek. A Sarga-fo-
lyét, amely Kina legfontosabb foly6ja, szintén negativan
érintette az urbanizacié Zhengzhou északi részén. 2010-
2020 kozott viszont fokozatosan javult az éléhelyek miné-
sége. ® Az elmult években a varos kdzponti teriiletein az
éléhely min6sége néhany helyen javult a zoldteriiletek

és a mesterséges tavak megjelenésének koszonhetéen

és a zoldtertiiletek karbantartasanak javulasaval is. Azt
azonban, hogy a mesterséges tavak és a nagy kiterjedésti
zoldfeliiletek jelentik-e az optimalis megoldast az é16-
hely mindségének javitdsara, érdemes tovabb vizsgalni.

A jov6ben a gazdasagi beruhdzasok és az 6kologiai eld-
nyok szempontjabdl a legjobb koltséghatékony 6koldgiai
védelmi modszereket lehet keresni. ®
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Fig. 1: Geographical location of Zhengzhou
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ABSTRACT

Human activities and global urbanisation have affected the
integrity and continuity of ecological land, and resulted in
the fragmentation of natural habitats and worldwide eco-
logical security issues. Some ecological functions of land-
scape patches have been degraded or even lost. We need to
study the impact of land use changes on natural habitats
that are caused by urbanisation. As the research area, we
selected Zhengzhou, a city in central China that has under-
gone rapid urbanisation in the early 21st century. By using
the InVEST-habitat quality model and ArcGIS geographi-
cal analysis, we evaluated changes in land use and habitat
quality in Zhengzhou from 2000 to 2020. The results show
that: @ The area of construction land increased sharply

by 806.76 km? from 2000 to 2010, while during 2010-2020
the growth rate slowed to 33km? per year, and most of it
was converted from arable land. The area of forest and
grassland was also greatly reduced in 2000-2010, but did
not change significantly in 2010-2020. This indicates that
urban expansion gradually shifted from the acceleration
of 2000-2010 to a period of stability in 2010-2020, and
construction land has taken over a large amount of arable
land. ® Habitat quality was higher in the mountain forests
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to the west and the south, while the low habitat quality
areas in the eastern plain gradually expanded with the
development of urban construction. The Yellow River, the
most important river in China, was also negatively affected
by urbanisation in the north of Zhengzhou, but its habi-
tat quality gradually improved during 2010-2020. ® In the
central urban area, habitat quality was improved in some
places due to the creation of green spaces and artificial
lakes in recent years, and also through with the improved
maintenance of green spaces. However, it is worth con-
tinuing to explore whether artificial lakes and large-scale
green spaces are the optimal solutions to improve habi-
tat quality. In the future, we will be able to seek the best
cost-effective ecological protection methods in terms of
economic investment and ecological benefits.

Keywords: land use, habitat quality, urbanisation,
Zhengzhou, China

1. INTRODUCTION
The Earth's biosphere and its ecosystem services are
important conditions for human survival [1]. In the cur-
rent Anthropocene era dominated by human activities,
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Table 1: Weight and maximum distance impacted by threat factors
Table 2: Habitat suitability of different land use types and the sensitivity
to each source of threat
»>Table 3: Land use transfer matrix in Zhengzhou between 2000, 2010
and 2020 (km?)
Land use type Arable land Forest Grassland Water Construction land Unused land
Arable land 3869.48 121.24 27.14 131.45 788.09 0.00
THREAT WEIGHT MAX_DIST(km) Spatial attenuation types
Forest 253.12 484.76 17.13 6.06 113.91 0.00
Urban area 1 10 exponential
Grassland 200.23 45.42 351.10 1.04 91.45 0.00
Village area 0.6 5 linear
Water 48.68 5.50 051 119.87 19.54 0.00
Arable land 0.7 8 linear
Construction land 184.39 16.54 0.96 434 660.23 0.00
Highway 1 8 exponential
Unused land 0.80 1.73 0.00 0.09 0.00 0.00
Railways 1 7 exponential
Net inflow 687.13 190.44 45.75 142.98 1012.99 0.00
National roads 1 3 exponential
Net outflow 1067.92 390.22 338.14 7414 206.23 2.62
Net change -380.80 -199.78 -292.39 68.83 806.76 -2.62
LULC NAME Habitat Sensitivity 2010-2020 Arable land 3928.97 79.62 21.63 68.02 458.43 0.00
suitability Forest 6136 554.93 5.89 3.40 49.64 0.00
Urban area Village area Arable land Highways Railways National road Grassland 20.26 7.16 356.43 1.44 11.59 0.00
1 Arable land 0.6 0.5 0.35 0.3 0.7 0.55 0.8 Water 26.24 9.69 0.13 204.58 22.12 0.00
2 Forest 1 1 0.85 0.8 0.95 0.8 1 Construction land 151.73 46.95 6.00 7.09 1461.55 0.00
3 Grassland 0.8 0.6 0.45 0.4 0.8 0.7 0.8 Unused land 0.00 0.00 0.00 0.00 0.00 0.00
b Water 1 0.85 0.8 0.7 0.5 0.5 0.6 Net inflow 259.59 143.43 33.65 79.94 541.78 0.00
5 Construction land 0 0 0 0 0 0 0 Net outflow 627.70 120.29 40.45 58.18 211.78 0.00
6 Unused land 0.6 0.5 0.2 0.4 0.4 0.4 0.5 Net change -368.10 23.14 -6.80 2176 330.01 0.00

global urbanisation has resulted in a variety of landscapes
with significant human influence. The artificial land use
pattern and the natural environment are superimposed,
which to a certain extent has broken the continuity and
ecology of the originally natural landscape [2]. Changes
in land use patterns with human intervention have led to
a series of ecological problems such as global warming,
extreme weather, air pollution and geological disasters
[3-4], which also have fragmented ecological landscapes,
reduced species diversity and affected the functions of
ecosystem services [5].

Ecosystem services are defined in the Millennium
Ecosystem Assessment (MEA) as "the benefits people
obtain from ecosystems" and are divided into four ser-
vice functions: supporting services, provisioning services,
regulating services and cultural services [1]. Biodiversity
is closely related to ecosystem "provisioning services",
and habitat quality directly affects the service function of
biodiversity. Habitat quality means the suitable ecological
environment that the ecosystem can provide for various
organisms and populations to survive and continue to
develop, which can reflect the ability of an area to provide
good conditions for species continuation and biodiversity

development [6]. Good habitat patches are key to promot-
ing the improvement of regional biodiversity, and are the
most important source of ensuring regional ecological
security and maintaining ecosystem service functions. In
recent years, more and more researchers have focused on
the evaluation and analysis of habitat quality. There are
generally two methods: constructing an index system and
model assessment. Bazelet established a dataset evalua-
tion system by selecting some habitat species indicators
[7]; Nelson simulated regional biodiversity conservation
levels with habitat quality assessment [8]; Dresit assessed
the impact of hydrology changes on regional habitat qual-
ity [9]; Bhagabati selected tigers as an example to explore
the relationship between ecosystem services and hab-
itat quality [10]; Baral identified the key areas for con-
servation and mapped regional conservation priorities
through habitat quality assessment [11]. This shows that
the assessment of habitat quality has gradually become
the focus of related research fields, but most of them just
pay attention to a single period, and the spatial-temporal
impacts of land use on habitat quality have not been fully
explored. This study employs model assessment methods
to compare the habitat quality of different periods and to

explore the impact of land use changes on habitat quality
during rapid urbanisation in China.

China is a developing country with a vast territory and
a large population. Since the establishment of the Peo-
ple's Republic of China in 1949, urbanisation has gradu-
ally been accelerating. Especially in the past 30 years, the
achievements of urban construction have been remarka-
ble [12]. The current urbanisation rate in China increased
from 17.92% in 1978 to 64.72% in 2021. Rapid urbanisa-
tion has also brought more urban ecological problems.

In 2000, the concept of "maintaining national ecological
environment security" was put forward in the "National
Ecological Environmental Protection Outline" policy for
the first time [13], highlighting that solving ecological
problems had become an important task of urban devel-
opment in China.

Our research area was the city of Zhengzhou in cen-
tral China, where the urbanisation rate increased from
32.4% in 1978 to 79.1% in 2021, [14] and urban expansion
was obvious. The study on the evolution of habitat quality
in Zhengzhou during the urbanisation process is repre-
sentative in the formulation and implementation of eco-
system protection policies in China.

2. METHODS AND DATA
This chapter introduces the basic information about the
research area, including geographical location, topo-
graphic features, administrative divisions and socio-eco-
nomic development. In addition, we detail the data
sources used in this study, data pre-processing, research
methods and the introduction of the related tools.

2.1 Study area

Zhengzhou is the capital city of Henan Province in central
China (34°16-34°58 North Latitude, 112°42-114°14 East
Longitude), which has five prefecture-level cities, one
county and six districts. Zhengzhou covers a total area of
approximately 7,567 km?, of which the main urban area is
1,010 km?. The overall terrain of Zhengzhou is relatively
flat. The Song and Fuxi Mountains are to the south-west,
the loess hilly area along the Yellow River in the north-
west, and the alluvial plain formed by the Yellow River
system to the east. The Yellow River is the most famous
river in China and one of important ecological sources in
Zhengzhou.

Zhengzhou has a large population, with around 12
million in 2021. It is an important transportation hub in
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Fig. 2: Zhengzhou land use classification in 2000, 2010 and 2020
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China because of its advantageous geographical location,
which also makes it the core city of the "Belt and Road".
The first Zhengzhou-Europe International block train
started running from 2013, strengthening the connection
between China and Europe. All of the points above are
reflected in the fact that Zhengzhou is heavily impacted
by urbanisation.

2.2 Data resource
The basic data used in this paper include Zhengzhou
Landsat-8TM and Landsat-7 remote sensing image data
(3omx30m resolution), Zhengzhou 2000/2010/2020 land
classification data (3omxgom resolution), Zhengzhou
Statistical Yearbook data, and road data. These are taken
respectively from the United States Geological Survey
(http://earthexplorer.usgs.gov/), Chinese Academy of
Sciences (http://www.resdc.cn/), Zhengzhou Municipal
Bureau of Statistics, and Baidu Map Data.

The land use data of this study is classified by com-
bining the classification data of the Chinese Academy of
Sciences (CAS) and the supervised classification data of
Landsat image data. Since the CAS data unified all types
of the land inside the main urban area as construction

Grassland ] Unused land

land, there is no accurate classification of the main urban
area. We used ArcGIS to collect supervised samples by
visual interpretation and employed the random forest
supervised classification method to classify the land use
of the main urban area. Then we tested the Kappa accu-
racy of the three years' classification results and all of
them were more than 80%, which means the data can be
used for research and analysis. Finally, we compared and
combined the data from supervised classification with the
CAS data to get the final and more accurate land classifi-
cation results.

2.3 Transfer matrix of land use types
The land use pattern is an important factor affecting
ecosystem services and one of the important factors in
assessing habitat quality. Therefore, a clear evolution of
land use is a prerequisite for exploring the evolution of
habitat quality. Based on land use data, we superimposed
the data in 2000/2010/2020 year with the raster calcu-
lator tool in ArcGIS 10.2, then obtained the changes and
transfer of land use types in the study area between 2000-
2010 and 2010-2020. The transfer matrix of land use types
is shown in Chapter three (Table 3).

2010 Land use types 2020 Land use types

[ Arable land [ Water | 1 Arable land [ Water

B Forest I Construction land 0 5 10 20 30 40 B Forest I Construction land
Grassland [0 Unused land - km Grassland [l Unused land

2.4 Habitat Quality Analysis
We analysed the habitat quality of Zhengzhou using the
InVEST-Habitat Quality model tool. The InVEST model is
a comprehensive model for ecosystem assessment and
trade-offs jointly developed by Stanford University, the
Nature Conservancy (TNC) and the World Wide Fund for
Nature (WWF) [6]. It defines habitat as the area which
has the resources and conditions to provide a suitable
living environment for a given organism. The sources of
threat to habitat are the lands affected by human activi-
ties. Habitat quality depends on the suitability of hab-
itat patches and the sensitivity of a habitat patch to
these threats.

The InVEST-Habitat quality model requires three
main factors: the relative weight of the various sources
of threat, the maximum distance impacted by the source
of the threat, and the sensitivity of different habitats to
each threat factor (the anti-interference ability of the
habitat). In this study, we set urban areas, rural settle-
ments, arable land, important traffic routes (highways,
railways, national roads) as sources of threat. The rela-
tive weights are set according to the software instruction
manual and related research, and are between o and 1

(Table 1). The habitat suitability and the sensitivity val-
ues to threats are set between o and 1: the closer to 1, the
better the habitat suitability and the higher the sensitiv-
ity, as shown in Table 2.

3. RESULTS
Through the data processing and analysis as set out
above, we obtained the land use classification results of
Zhengzhou in 2000, 2010 and 2020, as shown in Figure 2.
This chapter shows the transfer matrix between these six
land use types from 2000 to 2020, and the spatial-tempo-
ral changes of habitat degradation and habitat quality.

3.1 Changes in land use pattern

By superimposing the raster data of land use classifica-
tion in 2000, 2010 and 2020, we obtained the land trans-
fer results as shown in Table 3. Overall, the transfer in
2000-2010 was more significant than in 2010-2020. It
mainly occurred between arable land and construction
land. The water area continued to increase.

From 2000 to 2010, the area of arable land, forest
and grassland decreased, while the area of construc-
tion land increased significantly. Arable land decreased
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by 380.80km?, which was mainly converted into con-
struction land. The forest decreased by 199.78 km? and
the grassland area decreased by 292.39km?. Both were
mainly replaced by arable land, followed by construc-
tion land. The growth of construction land was particu-
larly obvious, with net growth of 806.76 km?. Most of
this came from arable land, up to 788.09 km?. During this
period, the water area increased by 68.83km? which
was mainly converted from arable land, and part of it
was also in the meantime converted into arable land.
That’s because some rivers in rural regions became dry
and were replaced by arable land. However, arable land
occupied by new urban areas developed with various
artificial lakes, such as Longzi Lake and Long Lake in the
Jinshui District, resulting in an increase of the water area
in the city.

From 2010 to 2020, the transfer of arable land and
construction land was similar to that of the previous
period. But the change in forest was wholly different from
2000-2010, increasing by 23.14 km? mainly from arable
land. The main reason is that the “Returning Farmland to
Forest” policy had achieved some results in certain areas
during 2010-2020. It also reflects that government calls

and increased ecological awareness are having an impor-
tant influence on environment change. Construction land
increased by 330.01km?. Compared with 2000-2010, the
growth rate decreased by 59.10%. Although the urban
construction area continued to expand, the urbanisation
of Zhengzhou gradually slowed down and reached a rela-
tively stable state.

Looking at land use changes in 2000-2020, it is clear
that a lot of arable land was occupied by urban expan-
sion, and that arable land suffered a considerable degree
of loss. It also caused problems in agricultural production
and food security. Therefore, some forest and grassland
continued to be occupied and developed into arable land.
This is a vicious circle caused by socio-economic devel-
opment and the expansion of the area covered by human
activities, which also has a negative influence on the eco-
logical environment and agricultural security.

3.2 Dynamic evolution of
Habitat degradation
The degree of habitat degradation indicates the impact of
the degradation sources (threats) on the surrounding hab-
itat. The greater the impact, the higher the degradation
2
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Fig. 3: Degree of habitat degradation in 2000, 2010, and 2020
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(Figure 3). It can reflect suitability for the development
of natural communities. The urban area and rural settle-
ments belong to construction land and there is no more
degradation, so we extracted the other landscape types to
analyse the degradation.

In terms of spatial distribution, the degree of habitat
degradation in Zhengzhou is highest around the main
urban area, and gradually decreases with increasing
distance from the main urban area. In the mountainous
areas, the degree of habitat degradation was lower, and
reached a low in the Song-Fuxi Mountains in the west, an
area with high ecological value and protection needs.

From the temporal perspective, we compared the
degree of habitat degradation in 2000, 2010 and 2020. It
was clear that the value attributed to the degree of habi-
tat degradation continued to increase from 2000 to 2020.
In 2000, the value was in the range of 0.00675-0.11589,
while in 2010, the range increased to 0.01298-0.13379.
This means the impact from sources of degradation
increased, with even the lowest value doubled. The value
of habitat degradation in 2020 didn't change much com-
pared with 2o10. However, with the expansion of urban
construction land, the area of high habitat degradation

2020 Habitat degradation
s High:0.13241

B Low:0.012977
~ Construction land

spread outwards, which apparently affected the habitat
quality of surrounding arable land.

In 2000, the main urban area was small, there were
not too many artificial threat factors like highways, rail-
ways or paved roads, so the negative impact on the sur-
rounding habitat was limited. In 2020, the construction
area greatly expanded, and the impact had spread to the
three prefecture-level cities: Gongyi, Dengfeng and Xinmi
in the mountain area to the west. This reduced the habitat
quality of the mountain forest areas compared to before,
and particularly affected the habitats near the foot of
mountains. Although there were no significant changes in
the habitat degradation value during 2010-2020, the areas
with low habitat quality expanded and the distribution
was more even.

3.3 Changes in habitat quality

The evolution in the trend of habitat quality is like the
degree of habitat degradation, as shown in Figure 4. The
habitat quality value is between o and 1. The closer to

1, the better the habitat quality is. To display the tempo-
ral and spatial changes of habitat quality more clearly,
we used the ArcGIS reclassification tool to divide habitat

74
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quality results into five grades: 1 is the worst (0-0.2), 2 is
bad (0.2-0.4), 3 is medium (0.4-0.6), 4 is good (0.6-0.8), 5
is the best (0.8-1), and calculated the area changes of dif-
ferent habitat quality grades as shown in Figure 5.

The habitat quality was best in 2000, with 6147.93km?
of medium and above grades, accounting for 81.3% of the
whole area. From 2000 to 2010, the quality of the habitat
decreased significantly. The area of good and best grades
even decreased by 43.1%. From 2010 to 2020, the area of
habitat quality within each grade changed little, and the
overall habitat quality decreased slightly. Grades 4 and 5
remained basically unchanged, indicating that the pro-
tection of important habitat areas was achieved. Com-
pared with the land use transfer matrix, the growth area
of construction land continued to increase but the annual
growth rate decreased, which is the main factor leading
to the gradual stabilisation of habitat quality after the
deterioration.

To further explore the distribution characteristics in
the spatial dimension, we analysed the change in habitat
quality in 2000-2020, as shown in Figure 6. The colour
from red to green represents the change in habitat quality
from decline to improvement, and yellow indicates the

2000 Habitat quality

s High:0.983643 »

S Low:0

areas with no change. The major decrease was mainly dis-
tributed near the new construction land. For example: the
expansion of the urban area to the north had led to the
deterioration of the habitat quality of the Yellow River; the
new industrial zone and airport in Xinzheng in the south
had caused the deterioration of the nearby agricultural
habitat. The western mountainous area was far from the
main urban area, and transportation was not as conven-
ient as in the eastern region, habitat quality was higher in
2000. With the development of transportation and urban-
isation, the habitat quality of the Song-Fuxi Mountain

in the west decreased slightly, and the habitat quality of
western counties and towns also declined. Although the
decline in the western area was greater than in the east-
ern area, it’s still higher than in the eastern area in terms
of the spatial dimension.

While the overall habitat quality deteriorated, some
areas improved a little (Figure 6). In the main urban area,
there were some new large-scale green spaces and lakes
in the Jinshui District in the east, such as Zhengzhou Zhi-
lin Park, Ruyi Lake, Longzi Lake, etc., which reflected the
positive effect of urban green spaces and parks on habitat
improvement. The protection and maintenance of rivers

4D 67 44-55.(2023)

Fig. 4: Habitat quality map in 2000, 2010 and 2020
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also improved the quality of the river habitat in the urban
area. There was some improvement in habitat quality

in certain sections of the Yellow River in the north-east,
showing that the government has sought to protect the
ecology of the Yellow River habitat. The ecological level
of the surrounding environment was improved and pre-
vented urban development from damaging the habitat of
the Yellow River.

4. DISCUSSION
There is a game relation between construction land, ara-
ble land and ecological land. How to balance the three
effectively to achieve unified and coordinated develop-
ment is one of the important issues to be considered in
future urban development. Taking this study area as an
example, urban development and expansion occupied a
large area of arable land in the eastern plains. To ensure
the food supply, some forest and grassland in the western
mountainous area have been developed into arable land,
and the ecological environment of the whole city has been
severely impacted. Therefore, for cities with growth in
their population and economy, we should consider how to
improve the quality of the living environment and people's
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sense of happiness, rather than blindly expanding and
pursuing an increase in the urban construction area.

Ecological protection policies and urban green spaces
can effectively improve habitat quality. By comparing the
urban habitat quality in Zhengzhou from 2000 to 2020,
the habitat quality in some urban areas has improved sig-
nificantly because of the newly-built urban green spaces,
including a number of small street green spaces, open
parks, residential green space, etc. Encouraged by the pol-
icies such as “the Construction of Ecological Civilization”,
“National Forest City”, and “National Ecological Garden
City” launched by the Chinese government, many local
governments have responded with a series of green space
protection regulations. This has been effective in improv-
ing the ecological environment. At present, when the
protection of the ecological environment is taken as an
important development task, all regions in China are pay-
ing attention to the protection of natural habitats and the
construction of urban green spaces, and habitat quality
has gradually stabilised and improved. However, whether
new large-scale artificial lakes and green spaces are the
most cost-effective way to improve habitat quality still
needs to be explored.
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5. CONCLUSIONS
The land use changes and ecological problems that
emerged during the urbanisation of Zhengzhou are rep-
resentative of the situation in most cities in China. This
study explores the spatial and temporal evolution of land
use patterns and habitat quality under the influence of
urbanisation. Its conclusions are as follows:
® In 2000-2010, the area of forest and grassland was
significantly reduced, and mainly converted into
arable land and construction land. In 2010-2020,
the construction area continued to increase, but
the growth rate decreased, and the forest area
increased slightly. This shows that urbanisation
in Zhengzhou accelerated from 2000 to 2010,
and then was relatively stable in 2010-2020. Urba-
nisation has a significant impact on the land
use pattern.
® Habitat quality in the city of Zhengzhou is not very
good. The Song-Fuxi Mountains in the west and the
Daxiong Mountains in the south have higher habitat
quality. The northern Yellow River habitat was affected
by urban expansion, but gradually improved in 2010-
2020. In 2000-2010, the low habitat quality area
increased considerably with the expansion of the main
urban area. In 2010-2020, habitat quality decreased
slightly, and there were some small improvements in
the areas such as the north-eastern section of the Yel-
low River, some reservoirs and the areas surrounding
the Song-Fuxi Mountains.

2000
1000 I
. I W Han -_

Medium Good

Best

® Habitat quality in the Jinshui District in the main

urban area improved in 2000-2020 because of some
new large-scale parks and lakes created there, such

as Zhengzhou Zhilin Park, Ruyi Lake and Longzi Lake.
This reflects the positive effect of urban green and
blue spaces on habitat improvement. Government poli-
cies and local response also play a crucial role in main-
taining and improving the ecological environment.

@ The InVEST model can effectively simulate habitat

quality and display it visually. It has a powerful auxil-
iary function for people to conduct ecological environ-
ment research, identify important habitat areas, and
analyse changes in habitat quality. Moreover, it could
be used in large-scale regional planning and small-
scale ecological design in the future. ©®
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<<Fig. 5: Area of different habitat quality grades in 2000, 2010 and 2020
Fig. 6: Changes in habitat quality from 2000 to 2020
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ABSZTRAKT
A SaveGREEN INTERREG projekt célja, hogy segitse az
okoldgiai folyosok integralt tervezéssel torténd megdérzé-
sét, tovabba felhivja a figyelmet a megfelel karenyhitési
intézkedések kiilonb6z6 mddjaira. A SaveGREEN projekt-
hez kapcsolddoan és tajépitész hallgatok egyetemi kép-
zése keretében készitettiik el a tervezett M2 autopalya
hatarmenti térségének komplex tajértékelési, tajfejlesz-
tési tervét. A SaveGREEN projekt a TRANSGREEN, a Con-
nectGREEN és a HARMON DTP-projektek szerves folyta-
tasaként indult. A projekt kozéppontjaban a partnerorsza-
gok vizsgélati teriiletei dllnak: az Alpok-Karpatok folyosd,
a Délnyugat-Karpatok, a Zakarpatszka, Beskidek, Ljulin és
Balkan hegység és Magyarorszagon a tervezett M2 térsé-
gének kritikus 6koldgiai folyosoi, amelyeket a kozlekedési
infrastruktira és a nem fenntarthaté teriilethaszndlat
befolyasol leginkabb. Tanulmanyunkban a hazai vizs-
gélati terlilet komplex értékelését mutatjuk be, kiemelt
figyelmet forditva a tervezett M2 autdpalya nyomvonalat
keresztez6 0koldgiai folyosdk értékelésére. ©
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ABSTRACT
The SaveGREEN INTERREG project aims to help con-
serve or improve ecological corridors through integrated
planning and to raise awareness of the different types
of appropriate mitigation measures. In connection with
the SaveGREEN project and within the framework of the
university educational programme of landscape architec-
ture students, we prepared a complex landscape assess-
ment and landscape development plan for the planned
Mz border area. The SaveGREEN project builds on the
results of the TRANSGREEN, ConnectGREEN and HAR-
MON DTP projects. The project focuses on the study areas
of the partner countries: the Alpine-Carpathian corridor,
the South-Western Carpathians, the Zakarpattya, Beskid,
Lyulin and Balkan Mountains and the critical ecological
corridors of the planned M2 area in Hungary, which are
most affected by transport infrastructure and unsustain-
able land use. In our study, we present a complex assess-
ment of the Hungarian study area, with a special focus on
the assessment of ecological corridors crossing the route
of the planned M2 motorway.

INTRODUCTION
In the long term, the construction of motorways and
railways disrupts ecological networks and animal migra-
tion routes, and separates natural habitats in a way that
is very difficult to mitigate [1]. Roads affect wildlife in a
wide range of ways [2,3], including destruction of habitats
by road construction or later mortality of specimens by
fumigation; changes in behaviour; physical and chemical
environmental changes; the introduction of exotic species;
fragmentation and isolation of populations and ecosystem
disruption. On the basis of further publications [4-7], the
literature distinguishes between two broad categories of
direct and indirect impact. Direct impacts include habitat

57
DOI: HTTPS://DOL.ORG/10.36249/4D.67.3721

Figure 1: Partner countries and
pilot areas of SaveGreen project
marked with numbers [8]

loss and degradation, pollution, disturbance and road
fumigation due to road construction. Indirect impacts are
considered to be environmental changes caused by the
negative environmental effects of roads.

The SaveGREEN project, funded by the Interreg Dan-
ube Transnational Programme, and integrating experts
from ten countries, focused on the identification, collec-
tion and promotion of the best solutions for safeguarding
ecological corridors in the Carpathians and further moun-
tain ranges in the Danube region. The SaveGREEN pro-
ject focused on pilot areas in several Central and Eastern
European countries (Fig. 1), with the aim of monitoring
and mitigating the negative effects of infrastructure on
ecological corridors.

METHODS AND MATERIALS

In Hungary, the project assessed the landscape-level
impacts of the planned M2 motorway. The aim of the
motorway is to improve transit connections in the
Hont-Parassapuszta border region between Hungary and
Slovakia and to reduce the environmental impact of transit
traffic on the hinterland of settlements. The new motorway
project is expected to have a positive effect on cross-bor-
der cooperation (e.g. connecting the Nitra region with the
Budapest agglomeration), helping to develop the economic
potential of the border regions and to improve the envi-
ronmental quality of the settlements. However, it also has
very serious negative impacts, as it drastically increases
landscape fragmentation and eliminates or negatively
affects habitats of high ecological value. The planned M2
motorway will pass through varied landscapes between
the Négrad Basin and the periphery of the Bérzsony moun-
tains, crossing the valley of the River Ipoly (Fig. 2).

The planned route of the M2 motorway and the exist-
ing main road No. 2 form the backbone of the study
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area, along with the areas bordering them, Borzsény and
Ipolymente, covering approximately 165 km?. The study
area is located in the North Hungarian Mountains and
covers several small landscape character areas, such as
the Négrad Basin, the western region of the Borzsony
Mountains and the Ipoly Valley, which forms the northern
border. In the central part of the area, the most typical
zonal associations are oak forests. The valley bottoms of
the gently rolling hills are characterised by marshes and
wet meadows (Fig. 3.). Most of the area is now ploughed
and fallow. Due to the high forest cover and the valuable
watercourses, the surrounding extensive grasslands and
the natural floodplain of the Ipoly, the area has a high
proportion of protected areas. Natura 2000 sites cover
the Borzsony and the Ipoly Valley. The Ipoly and its flood-
plain are also a Ramsar site, and also contain protected
areas of national importance, the areas of the Danube-Ip-
oly National Park and elements of the National Ecological
Network, which are present in the area as core and buffer
areas and ecological corridors (Fig. 3).

The methodology of the SaveGreen project included
the preparation of a general overview, a Logframe about
the main conflicts, objectives, measures of infrastructure
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causing landscape fragmentation with a specific out-
look on the study area. The Hungarian study area of the
project was integrated into several courses during the
MSc in Landscape Architecture at the university. A land-
scape-level survey and assessment was developed using
QGIS software. We assessed landscape heritage, land-
scape character types, hemeroby and landscape fragmen-
tation levels, quality of green infrastructure, ecological
corridors, agricultural structure and land use patterns.
The ecological corridors formed by watercourses were
assessed according to vegetation, length, disturbance
and surrounding land use, as well as their suitability for
selected animal species (categories S1-S5, where S1 is very
suitable: corridor with little or no restrictions on animal
movement). The target species selected were: roe deer,
wild boar, common lynx, eastern hedgehog, otter, red fox,
brown toad, newt, green lizard, wood sandpiper, bush
vulture, hill fox, cutthroat trout. Based on the multi-level
assessment, critical sections of the planned infrastructure
were identified.

Several watercourses cross the landscape, connect-
ing core areas and representing the most important
ecological corridors. The most prominent feature of the

4D 67,56-63.(2023)

hydrography is the River Ipoly. Our assessment identi-
fied the critical sections of the proposed M2, the crossing
zones of the watercourses. Based on this complex anal-
ysis, we developed cross-sectoral proposals to mitigate
negative environmental impacts. Our recommendations
were compared with the mitigation measures envisaged
in the EIA study of the M2 motorway provided by the
National Infrastructure Development Ltd (NIF). The sub-
ject of our analysis was the version of the Trail C between
Rétsag and the national border, which received an envi-
ronmental permit from the Pest County Government
Office in 2018.

RESULTS
One of the core parts of the cross-sectoral analysis was a
Logframe that provided an overview of the major conflicts
and objectives related to the barrier effect of the new and

A Modification level
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<<Figure 2: Location and the
geography and watercourses of
the study area

<<Figure g3a-b: Protected areas,
a, National park, and Natura
2000 areas, b, National Ecological
Network areas: green-Core area,
yellow-Buffer zone, orange-Corri-
dor zone

Figure 4: Hemeroby level of the
pilot site, the green colour repre-
sents the highest level of natural-
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Figure 5: Fragmentation level of
the pilot site, brown colour high-
lights the more fragmented land-
scape. The area is categorized by
the extent to which current land
uses are divided by linear features,
we found that the smallest land
use "fragments" range from o to
23.7 hectares, while the largest,
most untouched land uses, such as
the forests in the Borzsony, range
from 691.81 to 1377.8 hectares
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existing infrastructure lines, including the changes in
land management. The Logframe provides country-spe-
cific suggestions for the mitigation of negative effects. The
most important measures concerning the new infrastruc-
ture lines, among others:

« During route selection, ecological aspects should be
considered, but the track is often decided before ecolo-
gists/biologists have examined a trail in detail.

« Avoid sensitive areas.

« Gather data on relevant species using camera traps,
tracking and telemetry. For watercourses, continuous
sampling is required.

+ SEA and EIA legislation should be complemented by
provisions for specific roads; for example, the direct
and indirect impact area of different roads.

« Specific, well-measured indicators such as the
fragmentation analysis (e.g. minimum net size)



A TERVEZETT M2 GYORSFORGALMU UT HATASAI
THE EFFECTS OF THE PLANNED M2 MOTORWAY

or biological activation value calculations should
be incorporated into the SEA process and spatial
planning.

+ A minimum percentage of the entry-level costs of a
given project that must be spent on the road’s ecolog-
ical protection facilities (e.g. under- and overpasses,
fences), including the provision of areas required for
planting and implementing these facilities, should be
stipulated in legislation. In addition, a minimum size
of an area intended for planting also requires further
specification within the legislation, because planting
can influence the effectiveness of ecoducts, among
other things. (The exact size should depend on the
road category.)

« Set up a systematic monitoring plan for new linear
infrastructure (before baseline, during the construc-
tion and after the construction is completed).

+ The term "ecological corridor” or “ecological con-
nectivity” should be cited in Gov. Decree 314/2005
(XII.25.), requiring that the impact of the railway/road
project on ecological corridors is evaluated in EIAs.

» Review of national and international practice and
adaptation to domestic conditions.

« Advocacy for development of a new small infra-
structure project to create a defragmentation facility
(overpass).

The most important general objectives for the existing
infrastructure lines, among others, based on our results:

6o

- Safeguard the permeability of existing transport infra-
structure (including the enhancement of permeability
of existing features, when possible)

« Safeguard the transversal permeability of riverbanks
(including the enhancement of permeability of existing
features, when possible)

« Safeguard the longitudinal permeability of rivers
(including the enhancement of permeability of existing
features, when possible)

Beside focusing on the planned motorway, within the
framework of a complex landscape study, we explored the
major land use problems in the region. The arable land is
characterised by the presence of large monocultures of
cropland. Another problem is a frequent absence of forest
strips, which reduces ecological connectivity. The main
problem with grasslands is that they are no longer grazed
or mowed when traditional land use ceases and are often
cleared and then turned to ploughland. This conflict can
be solved by planting forest belts and bushes by farm-
ers which could be fostered by awareness raising among
farmers and incentives of the Common Agricultural Policy.
The vast forest block of Borzsony enhances ecological
connectivity, however in order to increase the ecological
diversity of forests, the main professional objective is to
change from cutting to “Forest wilderness” management
and increase the non-timber production mode.

The planned route of the M2 runs in the transition
zone between the more natural, more varied vegetation
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Figure 6: The planned M2 motorway line in the Ipoly Valley
Figure 7: The River Ipoly in this region represents the most natural

river section in Hungary

Figure 8: Assessment of ecological corridors crossing the study
area based on width, length, relation to water, continuity, vegetation

and surrounding land use

Width

and topography of the Borzsony and the cultivated, more
fragmented cultural landscape (Fig. 4-5.). The assess-
ments clearly show that the areas along the Ipoly River,
the Borzsony marshes and the small watercourses are the
most vulnerable and ecologically valuable areas, and are
therefore at increased risk from anthropogenic impacts.
Considering the planned route of the M2 motor-
way, the most critical zone, where the route will cross
core habitat areas, is the Ipoly Valley. The Ipoly Valley
(Figure 8.) represents an important bio-corridor and core
habitat. The planned section of the M2 motorway between
Rétsag and the border may affect the Ipoly Valley Spe-
cial Nature Conservation Area (HUDI20026) and the Ipoly
Valley Special Birds Protection Area (HUDI10008). The
impact area zone of the proposed project (125-125 m from
the axis) overlaps with the western edge of the two Nat-
ura 2000 sites on the outskirts of Hont, between sections
19+000-23+363 km of the Rétsag-Border section.

Natura 2000 sites in the Hungarian region

1. Birds protection Directive Site,

Ipoly Valley, (SPA) (HUDI10008)
The site is composed of various habitats: the most impor-
tant parts are the unregulated section of the River Ipoly
and the floodplain area with different riverside terrains
and diverse birdlife. Species that prefer wet meadows are
present in significant numbers in the area. The corncrake
population (Crex crex) is of global importance, with similar
numbers (20-40 pairs) on the Slovak side of the river [g].

Length Relation to water

2. Habitats Directive Site,
Ipoly Valley (HUDI20026)
Habitat types of Community importance:
* 6440 Cnidion dubii river valley marshes,
Habitat types of Special Community importance:
+ 6260 Pannonian sand grasslands,
+ 91Eo Mild alder (Alnus glutinosa) and tall ash
(Fraxinus excelsior) woodland (Alno-Padion,
Alnion incanae, Salicion albae)

In order to minimise barrier effects in the valley, several
underpasses are planned, even lifting the route on pillars,
but unfortunately not along the whole sensitive sec-

tion. Along the River Ipoly, the complexity of the problem
requires complex habitat rehabilitation. To preserve and
maintain sensitive grassland and biodiverse habitat com-
munities, a viaduct would be the most appropriate on the
whole sensitive section, with the potential for a landscape
bridge underneath. The construction will still cause major
damage to the habitat, so ecologically the most optimal
option would be to modify the track.

The ecological corridors along the small watercourses
(considered as natural linear elements with a minimum
width of 300 m covered by permanent vegetation con-
necting two core areas) were assessed at several levels.
The ecological corridors were evaluated in terms of length
and width, continuity, vegetation quality, type of passage,
surrounding land use, and presence of water (Fig. 8.), and
compared with the needs of animal species.
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Table 1: Assessment of ecological corridors based on width, length,
vegetation type, relation to water, continuity, surrounding
landscape and animal group for which the ecological corridor is
the most suitable
Name of ecological Width Length Vegetation = Relation Continuity = Surrounding Preferred animal group
corridor type to water land use
Honti- stream excellent excellent closed excellent excellent excellent Amphibian/ Small and
mediumsized mammals
Csitari-stream good good open poor sufficient good Small and mediumsized
mammals
Héviz-stream sufficient good diverse poor sufficient good Fish
Fekete-stream sufficient sufficient diverse good good good Reptiles/ Small and
mediumsized mammals /
Large mammals
Haraszti-creek sufficient sufficient diverse good sufficient sufficient Large mammals
Nagyoroszi-stream sufficient poor diverse good poor sufficient Fish
Horpdacs- stream sufficient/ good poor diverse good poor sufficient Large mammals
Almés-puszta-stream sufficient poor open good poor sufficient Fish/ Small and
mediumsized mammals
Derék-stream sufficient/ good poor diverse outstanding ~ poor sufficient Fish

The assessments (Table 1.) indicated the Hont creek
as the ecological corridor with the best potential, mainly
due to its shortness and closed vegetation cover, with
amphibians and small and medium-sized mammals
being the preferred fauna groups. The next corridors in
order of value are the Héviz stream, the Fekete stream
ecological corridor, followed by the Csitari stream
and the Haraszti ditch ecological corridors, where serious
problems can be identified (e.g. no permanent water
connection, high proportion of ploughs bordering
the corridor). The Derék stream provides the longest
connection, with a permanent water connection. The
ecological corridors of the Nagyoroszi stream, Horpacs
stream and Almdspusztai stream are in the worst cate-
gory. Basically, due to the high level of disturbance, these
are characterised by poor aquatic connectivity and tech-
nical barriers.

We elaborated proposals for the type of ecological
crossings based on the needs of the animal groups.
Comparing our results with the environmental permit, it
can be seen that although the permit proposes ecologi-
cal crossings in several places and even a viaduct in the
Ipoly Valley, some watercourses lack crossings (e.g. the
Héviz stream). The most sensitive section is the Honti
ditch area, where two core areas - Borzsony and the Ipoly
Valley - meet, where the permit also proposes a habitat
bridge, although not along the entire length.

In addition to identifying the most critical sections, we
have developed a complex set of landscape development

proposals to improve green infrastructure and resolve
land use conflicts. One of the main groups of our propos-
als is to link fragmented areas, such as improving and
maintaining the functionality of culverts that reduce the
barrier effect of transport infrastructure (the amphibian
guidance (wall) system), or to install linear elements such
as tree lines, strips of woodland or shrubs that reduce the
barrier effect of fields and settlements. The other main
group of proposals is the preservation of ecologically
valuable areas such as grasslands, wetlands and water-
courses.

Watercourse buffer strips should be widened to pre-
vent fertiliser run-off and to create new habitats (Fig. 9.).
The third group of proposals relates to arable land and
forests. It is proposed to reclassify low-cropped arable
land as pasture, mowing or orchard land appropriate to
the production area. In particular, ploughland located
on the floodplain of the River Ipoly, threatened by inland
water and with a greater difference in level. Conflicts with
forests can be reduced through forest close to natural/
non-harvesting management and the use of native spe-
cies. The restoration of former fruit-growing areas, which
were once a strong feature of the landscape character of
the area, would also have landscape diversity benefit.
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AZ OKOLOGIAI HALOZAT
HASZNALATI ES KITERJEDESI
KERDESEI MAGYARORSZAGON
DILEMMAS IN THE USE

AND LAYOUT OF THE ECOLOGICAL
NETWORK IN HUNGARY

KUTNYANSZKY VIRAG | SZILVACSKU MIKLOS ZSOLT

ABSZTRAKT
2022 nyaran Magyarorszagon széls6séges aszalyt tapasz-
talhattunk, amely kiilonosen az Alfoldet sujtotta. Sok
helyi gazdalkodo valtozast szorgalmazott, am a valtozas-
hoz mindannyiukra egységesen sziikség van, és a jelenlegi
foldhasznalati médok ujragondolasara elengedhetetlen. A
kutatasunkban az ckoldgiai halozat eredeti keleti eurépai
koncepciojat hasznaljuk a kulcsteriiletek feltarasara, bio-
diverzitas, konnektivitas és vizgazdalkodas szempontja-
bél, meghatarozva azokat a teriileteket, ahol a tdjhaszna-
lat-valtasok bekovetkezhetnek. Megvizsgéltuk a teriiletet
regiondlis léptékben konnektivitas-analizissel, és helyi
léptékben, a teriilethasznalatot és él6helyeket figyelembe
véve, valamint a viz természetes korforgasat a tajban is
beépitettiik a modszertanba. Megallapitottuk, hogy a
regionalis léptékii modell eredményei enyhén mas képet
mutattak a helyi eredményekhez képest a mintateriileten,
ez pedig nagyban kotédik a tertilet nem megfelel6 miive-
léséhez a potencidlis artéri teriileteken. ©
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ABSTRACT
Hungary faced an extreme drought in the summer of 2022,
especially in the Great Hungarian Plain. Many local farm-
ers called for change - only to find that change requires
all of them to rethink the way they use their land. Our
research aims to use the original Eastern European Eco-
logical Network concept to locate key areas of biodiversity,
connectivity and water management - where the neces-
sary changes in land use can be implemented. We exam-
ined the area on a regional scale, using connectivity anal-
yses, and on a local scale, analysing land use, habitats and
aspects of the landscape’s natural water cycle. We found
that the regional-scale model gave slightly different results
to the local-scale research, and the difference is strongly
related to the inadequate use of potential flood plain areas.

Keywords: ecological network, sustainable land use,
biodiversity, nature conservation

INTRODUCTION
The ecological network (EN) consists of natural and
semi-natural habitats [1]. Its main function is to main-
tain biodiversity with increasing connectivity and to help
perpetuate natural processes, such as the circulation of
matter and energy [2]. The EN is a coherent, graph-like
spatial system where nodes (the core habitats or source
areas) are connected through corridors (links) in a net-
work system [3]. The ecological network usually consists
of four types of areas: core areas, ecological corridors,
buffer zones and restoration areas. Ecological corridors
can be 3 different types: linear corridors (usually along-
side waterways or roads), landscape corridors (consisting
of multiple patches), and stepping stones (where the habi-
tat patches are not contiguous) [1, 4, 5, 6].

The concept originated in the Baltic countries in the
1g70s and spread to Western Europe where it became a
tool for biodiversity conservation. Though it has proven to
be an effective system for improving species diversity, the
original theory was to create a sustainably-used environ-
ment, balancing intensive and extensive land use accord-
ing to the landscape’s attributes and valuable natural
habitats [7]. The EN also provides recreational, socio-eco-
nomic and visual benefits for the community alongside
ecological benefits [5] and can also help moderate the
effects of climate change as part of green infrastructure.

The EN can be interpreted according to many differ-
ent spatial scales [8], from entire continents, to countries
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and regions, to a single municipality. Studies have shown
that the most effective way to map ENs is on the "meso-
scale" or "landscape scale" [5, g, 10, 11] which equates

to the regional/national mapping size with core areas of
10-1,000 km? [5]. Although this scale has proven to be
effective, research shows that it is beneficial to inves-
tigate more than one scale (especially zooming into

the local scale) to complement and revise the mapping
method or add details to the network [11].

The EN is often evaluated by measuring and modelling
connectivity. Functional and structural connectivity can
be determined, former with monitoring the actual routes
of species movement, the latter can be designated with
GIS modelling. For example, the least-cost-path analy-
sis, used in this study, is a widely accepted GIS method
regarding the evaluation of structural connectivity [12].

In our opinion, by combining the original Eastern and
Western European concepts (sustainable land use and
species conservation), an efficient and feasible network
can be created that is more resilient and integrates both
conservation concerns and the interests of local stake-
holders. This requires two different perspectives and
methodologies, which we aim to present in this paper.
The main goal of our research was to combine these two
concepts, experimenting with the scale of the EN and
identifying the advantages and limitations of both. This
resulted in two approaches: the larger-scale network for
species conservation and the smaller-scale network for
land use that takes into account the natural characteris-
tics of the area.

DATA AND METHODS
The Hungarian National Ecological Network (NECONET)
was planned in 2000 within the framework of the Pan
European Ecological Network (PEEN) [13]. It was enacted
into law by OTrT (National Spatial Plan) in 2002, and
although it is revised every six years when a new National
Spatial Plan is prepared, the scope of NECONET has not
changed much since it was first established. It was last
amended by legislation in 2018 in the MaTrT (Spatial Plan
of Hungary) [14]. The NECONET comprises three cate-
gories: core areas, ecological corridors and buffer zones,
while the concept of restoration areas is completely
absent from the network. The NECONET was planned
by the National Parks on a regional scale, using different
approaches and methods, and then merged into a coun-
try-sized network.
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As mentioned before, we conducted our research on
two different scales, regional and local, using two differ-
ent areas to test our methods (Fig. 1). The “regional-scale
study area contained the catchment area of the River
Tisza, located in Eastern Hungary. To specify the area, we
used the Hungarian National River Basin Management
Plan with smaller modifications. The research area is
32,275 km? along the 597 km river. The Tisza was heavily
regulated in the 19™ century, resulting in a simpler river-
bed and creating backwaters all along the river, while also
heavily modifying the flooding system and natural flood-
plains. The consequences of the intervention are highly
sensitive right now because of climate change. In the
summer of 2022, Hungary experienced an extreme lack of
water and drought on the Great Hungarian Plain, which
caused serious problems for local farmers.

The “local-scale” research area was located in
Nagykor(, which is a smaller settlement along the river,
between Szolnok and Lake Tisza. The study area con-
tains parts of the administrative areas of the Nagykort,
Csataszog, Hunyadfalva and K6telek municipalities, and
extends just under go km? The shoreline of the river is
part of the Middle-Tisza Protected Area, which belongs to
Hortobagy National Park. The main reason for choosing
this area was to include the land use of floodplains (and
potential floodplain areas) in the research to help create
the network that fits into the Eastern EN approach. Dur-
ing our site visit, we discussed problematic land use and
landscape conflicts with a local professional and farmer,
Péter Balogh, who has long spoken out in favour of sus-
tainable land use along the river. He helped us under-
stand the river’s natural water cycle, and we are also
grateful for his advice.

For GIS calculations, we used the Linkage Pathways
tool (Linkage Mapper 2.0.0.) in Arcmap 10.4.1. In addi-
tion, QGIS 3.0. Landsat DEM data was downloaded from
the EarthExplorer’s site [15]. For land cover data, we used

”

CORINE 2018 and NOSZTEP (National Ecosystem Map [16].

METHOD 1 - REGIONAL EN

For the river-scale EN, we focused on biodiversity con-
servation and improving connectivity. The regional-scale
network of the River Tisza was determined by using the
least cost path method, which models the paths of the
chosen indicator species or species groups between core
habitats. This method is often used to model ENs because
it models species movement and migration [3, 11], and the
results can help identify missing links, key patches and
stepping stones.

For indicator species, we wanted to take a horizon-
tal approach, so we chose to use three indicator groups
based on the most common natural habitats in the area:
1) forest-preferring species, 2) grassland-preferring

species and 3) water- or wetland-preferring species. When
determining the ecological preferences of these species
groups, we had mainly bird species in mind, because their
movement is less directly affected by the road network,
and the scale of the research area is also suitable for
migrating birds.

As mentioned before, to model the EN, we used the
least cost path method, which requires three input lay-
ers: 1) core areas, 2) the Euclidean distances between the
cores and 3) resistance rasters. For the core areas, we
chose to use the same layer for all three indicator groups,
which contained the cores from the already established
NECONET. These areas have proven to be valuable nat-
ural or semi-natural habitats, containing key or endan-
gered species by definition [14]. To reduce the number
of cores and to get a more accurate result in this scale,
we merged cores that were closer than 50 metres and
then eliminated patches under 5 km?, resulting in 85 core
areas. According to the literature [5], the meso-scale net-
work has cores of at least 10km?, but this way, only 20
patches would be large enough to consider, which is why
we chose to lower the minimum area to 5 km?

The Conefor plugin was used to calculate the Euclid-
ean distances between the 85 cores. We set a threshold
of 5o km between patches, because above this distance, it
is unlikely that these patches would have a direct connec-
tion for any kind of species.

We used CORINE land cover as a base map for our
resistance rasters. The three species groups each had
different resistance rasters, where each set of land cover
data had a specific resistance value for the group from
1-100 (with 1 the most suitable habitat for our indicator
group). Then, the vector layer was converted into a raster
with a pixel resolution of sox50 metres, which is esti-
mated to be accurate enough for our research area.

After we produced the input files, the Linkage Path-
ways tool was used to identify the links between the
cores, and to generate the cost-weighted corridors for
the three indicator groups. The corridor layers were trun-
cated by 50,000 values to obtain narrower and specified
corridors of the species along the links. These three out-
put layers were then merged and evaluated to determine
the most important habitats and connections of the EN.

METHOD 2 - LOCAL EN

When modelling the EN on a local scale, our main goal
was to include the landscape’s natural water cycle and
the possibilities that small, sometimes temporary, water-
ways (stream and canals) provide, alongside already exist-
ing habitats.

To determine the natural and semi-natural habi-
tats, we used land cover data from NOSZTEP [15], which
is a raster-based data source available for the whole of
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Fig. 1: Regional- and local-scale research areas
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Hungary. The resolution is 20x20 metres per pixel, which
provides a more detailed source on this scale than CLC
data, in which the MMU (minimal mapping unit) is only
25 hectares. In addition, NOSZTEP includes more land use
categories, resulting in more actual habitat descriptions.
We divided the land cover categories into three types: nat-
ural habitats (forests, meadows, wetlands and water sur-
faces), semi-natural habitats (orchards, gardens, forest
plantations, extensive farmland and parks) and non-hab-
itat areas (built-up areas, industrial areas and intensive
farmland).

After identifying the habitats that could potentially
be part of the EN, we also examined the river’s natural
flood system. In the 19" century, it was drastically modi-
fied, and the dam currently lies approximately 500-1,000
m distance from the riverbed. The floodplain is currently
part of the NECONET in its full extent, as an ecologi-
cal corridor. We used a DEM model to identify potential
floodplains. Under 83 metres elevation, the area was
considered to be a deep floodplain, and between 84 and
83 metres elevation, the area was considered a shallow
floodplain. These thresholds were identified by consult-
ing water management professionals and local farmers.
According to their observations, above 85 metres (where
most of the settlements are built), the land is completely
safe from flooding.

We also considered the smaller elements of the
water system: the streams and canals. We calculated a
20-metre buffer zone around the shores for them to be

LOCAL SCALE ECOLOGICAL NETWORK
FOR SUSTAINABLE LAND USE

effective ecotones and water retention tools. These water-
ways can be used to manage flooding and maintain water
afterwards to help biodiversity conservation and address
the lack of water on farmlands. Some of these water-
ways are only temporary, and especially in the summer
drought, they become dry ditches, something we can also
confirm after our observations made on site at the begin-
ning of September. We acquired the spatial data of these
elements from OVF (General Directorate of Water Man-
agement) for our research.

After identifying all the potential aspects of the EN,
we summarised the ecological values in both scales. The
methodology and the weighting of each category (indica-
tor groups networks, natural and semi-natural areas, deep
and shallow floodplains, waterways) are presented in Fig
2. The regional- and local-scaled results were then eval-
uated and compared to each other to identify the advan-
tages and disadvantages of each method.

RESULTS
Evaluating regional network suitability based on the
connectivity analyses (Fig. 3), we could establish the
river’s role as an ecological corridor: for all three species
groups, the Tisza was an important link along its whole
length. It provides an important connection for the
different kind of species, because of the chain-like hab-
itats along its shores. While the Tisza is part of the
NECONET along its whole length, our results show that
a buffer of at least 1,500-2,500 metres wide is needed,
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<<Fig. 2: Methodology
Fig. 3: Regional-scale results
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while today, protection is between 300-1,500 metres
on average.

We could also observe key patches that are crucial
habitats for preserving wildlife. Not only was the impor-
tance of already protected areas (like Hortobagy or other
nature reserves) supported, but the importance of smaller,
stepping-stone patches was also revealed. The Forest of
Baktaloranthaza Nature Reserve plays an important role
in the ecological network, despite its size. Similarly, the
forest in Fiilépjakab and the forest next to Nagykoéros also
serve as key ecological stepping stones between larger
protected areas.

We could also find the missing regional links when
evaluating our results. We found that there is a lack of
connectivity between the Nyékladhazi and Onodi lakes,
and between some habitats in the Biikk National Park
and the Kesznyéten Protected Landscape Area. Between
the protected area of Pusztaszer and Bdcsa-Bugac, the
NECONET includes smaller, stepping stone-like patches,
while according to our results, the area is severely lacking
in buffer zones.

We found conflicting results within the local-scale
network (Fig 4). Habitat suitability and floodplain
analyses showed contrasting pictures. While according
to both calculations, the river and its shore represent an
ecologically important area, the floodplains are located in
the middle of the area, and are mainly used for intensive
farming, while suitable habitats are concentrated in the
northern and southern sections of the research area.

The shores of the canals and streams proved to be the
most valuable areas because of the linear vegetation and
lower elevation. Other outstanding results can be found
around the wetland areas, such as those along the border
of Csataszog and Kételek, or that east of the built-up area
of Csataszog.

When comparing the two results, we found that the
regional-scale analyses completely miss the importance of
smaller-scale wetlands and canals, as expected, especially
that on the administrative border of the two settlements.
Two regional links are outlined along the natural habitats
for the grassland-preferring species group, and the inten-
sively-farmed floodplains proved to be unsuitable for EN
development on the regional scale. The reason for this dif-
ference is that when calculating the least cost paths, we
used land cover data as the base of the resistance rasters,
only from different sources, and this way we obtained a
similar result, which was expected. The valuable areas

and connecting links for the forest- and water-preferring
groups concentrate along the river.

Both the connectivity-based and the land use and
water management-based methods found the river out-
standingly important regarding the EN. This proves that
the Tisza is an important corridor on a regional scale, and
a valuable source habitat when examining the local scale.
Additionally, it would be beneficial for both of these roles
to extend and create buffer zones along the shoreline.

DISCUSSION
Only the local-scale network showed the significant
importance of streams and the vegetation along them,
which means that these areas are an important part
of the EN on the local scale, for local connections,
and can be used both as links between valuable habitats
and for water retention. These areas will be used
mostly by grassland-preferring species, but when
new wetland areas appear, water-preferring species
could also be observed.

We found that both the regional- and local-scale
results were useful for modelling the EN, but by evaluat-
ing them together, we could specify the role of our local
area in the regional context. The area of Nagykord lies
along the Middle-Tisza Protected Area, just under the
important core habitats of Lake Tisza, and the suggested
EN could serve as a link between this natural protected
area and the T4pié-Hajta Regional Protected Area. When
developing the EN and the habitats on a local scale, we
can also consider the needs of species that are native to
these protected sites.

We would suggest that the next step of this research
should be to focus on feasibility and to designate more
areas to sustainable land use and water management,
especially along canals, making them part of the EN as
restoration areas. This way, the local development of the
EN could begin, serving as an example for other projects,
while also showing the advantages of water retention.
In discussions with local farmers, we found that some of
them are open to change; we hope that they will take the
next steps in sustainability, and our research could help
them locate possible areas. ®
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A KECSKEMETI FOTER
FEJLODESTORTENETE

FS ZOLDINFRASTRUKTURA
SZEREPENEK VALTOZASA
THE DEVELOPMENT HISTORY
OF THE MAIN SQUARE IN
KECSKEMET AND THE
CHANGING ROLE OF GREEN
INFRASTRUCTURE

ERDELYI REGINA | SALLAY AGNES

ABSZTRAKT
Kecskemét urbanizacios folyamatdban a f6tér mindig is
kiemelt szerepet jatszott, a téren torténé minden varos-
épitészeti beavatkozas hosszutavon is érezteti hatasat.
A véaros kozosségi élete javarészt itt zajlik, amelyhez a tor-
ténelem soran kialakult épiilet- és téregyiittes mutatds
és mélté keretet ad. Szabadtér-rendszerének és térfalai-
nak alakuldsa mindig tarsadalmi és gazdasagi szinergidk
hatdasara tortént, és igazolhatd, hogy Kecskemét torté-
nelmi kdzpontjdban a tdrsadalom fejl6désével egyiitt jaro
valtozasok az épitészeti és tajépitészeti térformalasban is
megjelentek. Jellemz6, hogy térszerkezeti és térhaszndlati
modosuldsok maguk utédn vonték a telepiilési zoldinfra-
struktira egyes elemcsoportjainak fokozatos megjelené-
sét a f6téri téregyiitteshben. ©
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Figure 1: Terracing in the city centre of Kecskemét
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ABSTRACT
The Main Square has always played a prominent role in
the urbanisation process of Kecskemét, and any urban
intervention in the square would have a long-term impact.
The city’'s community life mainly takes place here, and
the complex of buildings and squares that have developed
over the course of history provide an impressive and wor-
thy setting. The development of its open space system and
its square walls have always been influenced by social
and economic synergies, and all significant changes in the
historical centre of Kecskemét can be traced and mapped
in the appropriate architectural and landscape architec-
tural spatial formations. Typically, changes in the struc-
ture and use of space have led to the gradual emergence
of certain groups of elements of municipal green infra-
structure in the main square complex.

Keywords: Kecskemét, main square, urban open space

INTRODUCTION
The historical city centre of Kecskemét is one of Hun-
gary’s most beautiful architectural and urban planning
ensembles, a conglomeration of amorphous spaces, partly

SQUARE traffic calming traffic area

spontaneous and partly deliberately designed, interlock-
ing with each other. The main square is also an exciting
part of the city because of its walls, thanks to the var-

ied architectural style of the buildings these walls are
comprised of. Kecskemét's architectural ensemble in its
main square is unique in Hungary, as the urbanisation

of the town post-German Reunification was completed
much later, around the turn of the millennium, and the
townscape was shaped by the Art Nouveau architectural
trends at the turn of the century, rather than Historicism
[1]. The development of the characteristic image of the
town square and the prosperity of Kecskemét around

the dawn of the 20th century was due to the city’s two
progressive, far-sighted and modern mayors, Peter Lestar
(1819-1896) [2] and later Elek Kada (1852-1913) [3], who
created the financial and economic basis and regulatory
framework for town planning. The boundaries of the com-
plex town square system cannot be precisely defined: the
core is formed by Szabadsag Square and Kossuth Square,
which themselves consist of several smaller segments,
squares and promenades, while the central square is
connected to the central part by additional squares and
promenades. The historic city centre is defined by seven
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squares (“the ensemble of seven squares”), which were
formed in the same period in history, and by Dedk Ferenc
Square, which was created in the 1950s [Figure 1].

The most precise boundaries of the square complex
are the churches built in the Middle Ages and in the 16th
and 17th centuries, and the representative institutional
buildings and tenement houses built in the late 18oos and
early 1900s. The area delimited by the square walls cov-
ers almost five hectares. Kecskemét's current green space
system fits in with the city's traditionally ring-shaped, sin-
gle-centre urban structure [Figure 2]. The green areas are
thus arranged in a ring and radius formation: the central
inner area is characterised by mosaic, island-like green
areas (Széchenyi Square, Katona Jozsef Square, Railway
Station Garden, Gyenes Square), which are the result of
the growth of the ring system on the original radius urban
structure, while the individual functional spatial elements
are connected by roadside green areas and their facades
(Rékaezi street) and the green areas of the main square
system.

MATERIAL AND METHOD
The research involved a literature review and plan and
map analysis. In the course of the review of the city’s
history, monographs, journal articles and plans about
Kecskemét were analysed, and the changes affecting
green spaces and the plant species used in the given
period were revealed on the basis of contemporary pic-
torial sources in the absence of written sources. Litera-
ture data were mapped onto a map of the city in order to
make the spatial changes easily understandable. For the
map analysis, we used both military surveys and a plan of
the current town square. The results of the research have
been classified into eras, identifying the most important
boundaries that have determined the development of the
current appearance of the town square and its current
green infrastructure.

RESULTS
In the historical city centre, the structure of the main
square has basically undergone three major changes due

to socio-economic processes, which have also entailed the
relocation of the "ideal" centre of the square [Figure 3].
The first was the extension of the main square itself
between 1893 and 1896, while the other two changes took
place after World War II.
As a result of the research, we identified three

periods in the development of Kecskemét’s main square:

- from the creation of the main square to 1914;

« the period between the two world wars; and

« from the Second World War to the present day.

THE CREATION AND DEVELOPMENT

OF THE MAIN SQUARE AS

WE KNOW IT TODAY UP TO 1914
Szabadsag Square, Kossuth Square and Széchenyi Square
were already built-up areas in 1880, but they took their
present form after the market square at the junction of
the commercial roads was laid out and rebuilt [4]. In the
past, the centre of the town had merely been a sponta-
neous junction of roads from the settlements around the
then market town.

By the 1gth century, a civilized nucleus had developed
in the centre of the giant village, and the town centre
was filled with new buildings: new churches, a monas-
tery, a town hall, shops, a butcher's and mills were built.
Being a clustered settlement, the new buildings were
erected without any ordering principle and, as the 1869
map shows, the town centre was a spontaneous cluster of
small and large squares. The new services and growth of
the municipal apparatus required new buildings, which
could only be achieved by reorganising the structure of
the town centre.

In addition to the social processes, the boom in cul-
tivation in sandy soil -the result of the phylloxera that
devastated traditional vineyards - in turn led to a boom in
the local economy in the 18gos, with famous markets and
significant exports [Figure 4] [6]. In order to accommo-
date the ever-growing market, in 1889 the town assem-
bly ordered a financial and planning framework to be
drawn up to expand the market area, and the plans were
entrusted to Ferenc Kerekes, chief engineer [5].
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Figure 2: The main spatial elements of Kecskemét's green space system
OWN EDITED FIGURE, BASE MAP SOURCE: INTEGRATED URBAN DEVELOPMENT STRATEGY OF
THE CITY OF KECSKEMET (2014), KECSKEMET CITY DEVELOPMENT LTD, KECSKEMET

Figure 3: Localisation of the "ideological" centre of the main

square by period
OWN EDITED FIGURE, SOURCE OF BASE MAPS: CADASTRAL SURVEY OF 1869 (HUNGARIAN
NATIONAL ARCHIVES, BACS-KISKUN COUNTY ARCHIVES, XV.L.A.1 .86,442-461, 1-19, 1:2500),
GUSZTAV RIHOCSEK, MAP OF THE CITY OF KECSKEMET (HUNGARIAN NATIONAL ARCHIVES,
XV. 1. A. 1502, 1:10000), OVERVIEW MAP OF THE CITY OF KECSKEMET (HUNGARIAN
NATIONAL ARCHIVES, XV. 1. A. 1129, 765, 1:10000), REDEVELOPMENT PLANS OF KECSKEMET'S
MAIN SQUARE, 1975, 1991 (ARCHITECT'S WORKSHOP DESIGN, INVESTMENT AND SERVICE
LTD. (1994), KECSKEMET), AERTAL VIEW OF THE MAIN SQUARE OF KECSKEMET IN 2022
(MUNICIPALITY OF THE CITY KECSKEMET WEBSITE)
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Figure 4: The fruit market of Kecskemét at the beginning of the

20th century

SELF-EDITED FIGURE, SOURCE OF POSTCARDS: POSTCARDS FROM THE ZEMPLEN MUSEUM'S
PICTURE ALBUM VIA THE HUNGARICANA PUBLIC COLLECTIONS PORTAL, NATIONAL
SZECHENYI LIBRARY, SOURCE OF BASE MAP: GUSZTAV RIHOCSEK, MAP OF THE CITY OF
KECSKEMET, 1905 (HUNGARIAN NATIONAL ARCHIVES, BACS-KISKUN COUNTY ARCHIVES,

XV.1.A.1502,1:10000

Figure 5: Changes in the layout of the main square between

1869 and 1913

SELF-EDITED FIGURE, SOURCE OF BASE MAP: MAP BASED ON THE CADASTRAL
SURVEY OF 1869 (HUNGARIAN NATIONAL ARCHIVES, BACS-KISKUN COUNTY ARCHIVES,

XV.1.A.1.86,442-451, 119, 1:2500)
Figure 6: View of Szabadsz4g Square

SOURCE OF POSTCARDS: ZEMPLEN MUSEUM'S PICTURE LIBRARY VIA HUNGARICANA

PUBLIC COLLECTIONS PORTAL, NATIONAL SZECHENYI LIBRARY

The plans were implemented in phases, with several
modifications, taking into account the existing church,
service and administrative buildings that make up the
existing square wall. The north-eastern boundary of the
planned square was already defined by the Synagogue
and the former Beretva Hotel, and to the south-west by

the Great Roman Catholic Church and the new Town Hall.

By the mid-19th century, the old town hall was no longer
able to cope with the increased official needs, and a ten-
der was launched to design and budget for a new town
hall. The winning design was submitted by Odén Lechner
and Gyula Partos, and the Town Hall was built between
1893 and 1897 [1, 7].

Due to the expansion, the block of flats in front of the
Synagogue and the former Beretvas Hotel, the Roman
Catholic Church shop, Buttinger's pharmacy and Kozma
Square, also consisting of flats, had to be appropriated
and then demolished [Figure 5]. In 1876, the headquar-
ters of the Savings Bank Association was built, the main
facade of which also defined the north-western bound-
ary of the square to be built. Dim6 House and the Casino
Block had to be demolished on the north-western bound-
ary of the square in order to create a unified design,
and the Commercial Credit Institute and People's Bank
were built in their place in 1912 [5, 23]. A straight avenue
was needed to connect the fairground with the railway
traffic, and this was built at the turn of the century
with the construction of the 42m-wide, 5oom-long
Ré&koczi street. Between 1910 and 1913, three other
large and important buildings were constructed, creating
the missing walls of Szabadsag Square. Luther Palace
was built by the local Evangelical congregation in
1910-11. Opposite this, the Calvinist Church had a
huge, imposing building called the New College built
in 1911-13 [9-10].

The city's economic prosperity and the high level
of construction activity were halted by a major natural
disaster, which also prevented the city from continuing
its dynamic development: on 8 July 1911, the city weas
shaken by an earthquake, estimated at 5.6 on today's
Richter scale, causing severe damage to private and pub-
lic buildings. Due to the budget deficit resulting from the
expenses necessary for the reconstruction, the started
and planned large-scale investments had to be postponed
[11]. In addition to the financial loss, the city was further
burdened by the death of Mayor Elek Kada in 1913, and
after him, that of Odoén Lechner in 1914 [12]. Kecskemét's
golden age finally came to a complete end with the out-
break of World War I.

As a result of the renovations, the square area was
extended by more than 24,000m? and by the turn of the
century, a large square consisting of three smaller ones
had been created [Figure 5]. In the demolished town cen-
tre square, the thoroughfares were paved with cobble-
stones (12,000m?) and the market square with bricks
(17,400m?) [5]. Tree planting in the main square began as
early as 1897: over the decades, they were mainly used
to line the roads and to separate and shade the various
kinds of markets. Trees were planted throughout the
town by the gardener Karoly Bajndczi, who was appointed
the town's chief gardener in 1903 [5]. Typically, trees
with round crowns (probably of the genus Sophora, Acer,
Catalpa, Prunus) were planted, as depicted on postcards of
the period. A comparison of postcards after the turn of the
century shows that the expansion of the market area (Sza-
badsag Square) and the change in the transport network
led to more and more trees being planted [Figure 6].

Until the late 1940s, most of the main square consisted
of single-storey structures, with a tree canopy of round-
topped trees. Multi-storey planting (shrubs and flower
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Figure 7: View of the Town Hall

SOURCE: HUNGARICANA - ZEMPLEN MUSEUM'S PICTURE LIBRARY VIA THE PUBLIC

COLLECTIONS PORTAL, NATIONAL SZECHENYI LIBRARY, WWW.SZECESSZIOSMAGAZIN.COM,
WWW.BAON.HU
»>Figure 8: Vegetation of Szabadsdg Square
SOURCE: EGYKOR.HU, FORTEPAN / GYORGY ADAM DR, FORTEPAN / LUDWIG KELLNER
»>Figure q: Vegetation of Kossuth Square and the park in front of the
Aranyhomok Hotel
SOURCE: FORUM.INDEX.HU, EGYKOR HU

beds) was only found in the historicised small garden in
front of the People's Bank and in the four ornamental gar-
dens in front of the Town Hall. The ornamental gardens in
front of the Town Hall were densely planted with the fash-
ionable plants typical of the historicism (Quercus robur
'Pyramidalis', Pinus nigra, Liriodendron tulipifera) [Figure 7].
The change of habitat of the Tilia cordata planted for the
millennium is clearly visible from the pictorial sources,
and the tree is still present today.

THE PERIOD BETWEEN

THE TWO WARS
Between the two world wars, the use of space in the main
square was still dominated by the fruit market, but the
core of the function shifted from Kossuth Square and the
spaces developed different functional characteristics.
Széchenyi Square was the producers’ market, Szabadsag

1976k

1. Oszlopos tolgy/Pyramid oak
2. Feketefenyd/Austrian pine
3. Tulipanfa/ Tulip tree
4
5

Szomorufiiz/White willow
Kislevel(i hars/Small-leaved
linden

y 6. Puszpang/Common
boxwood

7. Kanna/Canna

8. Rancoslevelii bangita/
Leatherleaf viburnum

9. Molyhos nyir/Downy birch

Square and Rakdczi street the consumer (mixed) market
[6], and various shops were located on the ground floor of
the multi-storey buildings fronting the square. Széchenyi
Square was used more by the wealthy and the elite, while
Liberty Square was used by the less wealthy. In 1949, the
market, which played an important role in the life of the
city, was finally moved away from the main square to an
area cleared out of the eastern side of the Piarist monas-
tery garden [13]. In 1929, a two-storey Calvinist tenement
building was built as a south-eastern square wall next

to the Calvinist Church on the corner of Kalvin Square,
which was considered the outflow of the square complex
[13]. Although the main square was already landscaped

in 1897, no landscaping took place until 1949, except for
the historicising rail in front of the People's Bank, because
the high market turnover and the lack of water supply did
not allow it [5]. The landscaping of Szabadsag Square was

4D 67,72-87.(2023)
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1. Bed roses (Rosa sp.)
2. Ezistfeny/Blue spruce (Picea pungens) 6. Kdzonséges nyir/Silver birch (Betula pendula)

3. Szerb luc/Serbian spruce (Picea omorika) 7. Tollas celézia/Plumed celosia (Celosia argentea var. plumosa)
4. Vordsfenyd/European larch (Larix decidua)

started immediately after the water supply was provided,
and the market was relocated to this area. In front of the
People's Bank, a circular group of flowers and low shrubs
planted and trimmed in a solitary or geometric pattern
formed the green area, along with grassy beds. Photo-
graphs taken from the tower of the Great Roman Catholic
Church and from Szabadsag Square [Figure 8] show that
the style of the historicised garden area was simplified
after the devastation of World War I, to make it easier and
cheaper to maintain. The photograph of the church tower
shows the strengthening of the trees lining the Szabadsag
Square market and the boulevard through the main
square, and the felling of the tree line along the diagonal
axis of traffic in front of the New College. In the ornamen-
tal gardens in front of the Town Hall, the vegetation was
completely eradicated [Figure 7]. The Betula pubescens in
front of the Town Hall was replaced by Celtis occidentalis.
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. Ezlistleny6iBlue spruce (Picea pungens) 5. Kerti gydngyvesszd/Bridal wreath spirea (Spiraea x vanhoutter)
. Kdzbnséges nyir/Silver birch (Bstula pendula) 6. Kazdnséges orgonal Common filac (Syringa vulgaris)

5. Kinai mammutfenyd/Dawn recwood (Metasequoia glyplostroboides)

CHANGES IN THE HISTORIC

CITY CENTRE AFTER 1945
Immediately after the Second World War, in 1946, a
monument to Soviet heroes was built on Szabadsag
Square, in line with the ideology of the time. The
obelisk, covered with black granite slabs, was placed
on a pedestal rising from the ground level, with a ceram-
ic-clad parade ground in front of it [13]. The monu-
ment was installed at the centre of a spatial composi-
tion structured on axial symmetry, a rigid composition
that replaced the historicised spatial part of the earlier
geometric forms.

In 1950, Kecskemét was promoted from a city of juris-
diction to a county seat under the administrative territo-
rial reforms. Due to the space requirements of the new
public institutions, the historic main square was enlarged
in a westerly direction, and Dedk Ferenc Square was
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created with its new commercial, administrative and cul-
tural institutions [5].

With the provision of the water supply, the landscap-
ing of Szabadsag Square was immediately started and the
market was relocated from this area. Contemporary post-
cards show that while the trees in the western part of the
square were planted in regular rows, Szabadsag Square
was landscaped with irregularly arranged groups of trees
[Figure 8]. This part of the square is planted with Betula
p., Picea pungens, Populus nigra Ttalica', Celtis: two of the
poplars are still present in this part of the square, as are
the hackberry hedges that line the 'Mende axis'. In the
centre of the square, a piece of circular water architecture
(“Frog Pond”) was created, with large flowerbeds lining
the square and the surrounding promenade. Presumably
to minimise maintenance costs, these flower beds were
removed in the following decades. It was common to
enclose these larger green areas for safety reasons (the
parks were bordered by public roads) and to protect them
from vandalism (mainly trampling).

The market function was maintained in Kossuth
Square and the area in front of today's Aranyhomok Hotel,
which is connected to Szabadsag Square. In 1959, Kos-
suth Square was landscaped by a social project with an
architectural design, with the statue of Kossuth in the
centre, asphalt paved walkways, green areas lined with
rose beds and planted with silver pines, whip-lash lamps
and candelabra fluorescent tubes [14]. The square in
front of the Aranyhomok Hotel was the site of the fruit
market until 1957, and then the central bus station until
1962, which was demolished before the hotel was opened.
The landscaping of the square was completed after the
hotel was built in 1962-63, based on the plans of archi-
tect Gyorgy Wossala and mechanical engineer Karoly
Sziics, with the planting of pre-grown ground pines and
birch trees, a fountain and a water basin [5]. The fashion-
able evergreen species of the 1g70s (Juniperus virginiana
'Grey Owl', Cedrus atlantica 'Glauca’, Picea pungens) were
introduced here, with ornamental beds being planted first
with roses and then with the iconic Celosia argentea var.
plumosa [Figure g]. The last major change in the struc-
ture of the current spatial system was the construction
of the Aranyhomok Hotel. The funnel-shaped Széche-
nyi Square of that time was replaced by a piazza, which
today is Széchenyi Square [15]. Further changes occurred
within the square walls. In 1958, the Beretvas Hotel, built
in 1856, was demolished due to its obsolete structure,

and the OTP Head Office Building was built in its place in
1968-70 [5]. The Art Nouveau buildings harmonise well
with the old ones (Baroque churches), but the insertion
of modern buildings into the main square walls still has a
disharmonious effect. The character of the grid-like mass
of the Aranyhomok Hotel is somewhat offset by the green
space created.

By the end of the 1970s, the main square had become
an important traffic junction, with heavy road traffic, the
Békéscsaba and Dunaf6ldvar roads running into it, as well
as the traffic of 26 streets. The high presence of motorised
traffic, air pollution and noise pollution made it impossi-
ble to relax in the park in Szabadsag Square, to enjoy the
safe flow of pedestrian traffic or to enjoy the Art Nouveau
square wall complex, and the whole square was affected.
To relieve the congestion, in 1976 the city council decided
to start building an internal rail system based on the Gen-
eral Plan proposal and to convert the historic square into
a pedestrian zone [15]. At this time, the town centre was
rehabilitated with a focus on historic preservation - based
on the designs of architect Gabor Farkas, landscape and
garden architect Antal Mayer and sculptor Gusztav Palfy
- and the square was restored to its current state. Kéttem-
plom koz, a pedestrian street with the renowned Kodaly
Institute, is an integral part of the central car-free space.
At the mouth of Kéttemplom street, a ruin garden was
created on the northern side of the Franciscan monastery
complex by demolishing the bazaar row [13].

By the end of the 1990s, owing to functional changes
(e.g. the demolition of the Soviet monument) and wear
and tear, the main square and its immediate surroundings
needed cleaning up. The square complex has been com-
pletely rebuilt in parts, both in terms of paving, utilities,
street furniture, street lighting and green areas. Kossuth
Square was rolled back, the polygonal green areas lined
with rose beds were removed and replaced by much
smaller, circular, curved small stone paved areas with
prominent tree shade. This design detail, popular in the
1970s, has the advantage today of being able to create
multi-storey, representative planting without compromis-
ing the current public use of the square (fairs, festivals).
As the final phase of the overall square reconstruction,
Szabads4ag Square and its surroundings (Kalvin Square,
Kéttemplom street) were renovated in 2015 as part of the
Functional Urban Regeneration Programme [17]. Between
22-27 June 1982, an international ICOMOS colloquium
on "The monuments of the last hundred years" was held

From the creation of the main square to 1914
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Table 1: Green infrastructure developments for the three defined eras
OWN DATA TABLE

Between the two world wars

81

From the Second World War to the 1990s

The main square is mainly planted with trees
with globular crowns (Acer p. ‘Globosum’, Catalpa sp,,
Prunus f. ‘Globosa’) and Sophora japonica

No major development of green infrastructure,
but an increase in the number of trees lining
roads and various types of market

Historicising ornamental garden in front of the
People's Bank with flower beds and low shrubs

Planting of the ornamental gardens in front of the
City Hall with trees and medium-height shrubs

In 1949, the landscaping of Szabadsag Square was
started with irregularly arranged groups of trees

In 1959, Kossuth Square was landscaped, and in
1962, the area in front of the Golden Sands Hotel
was landscaped with three levels of vegetation

In 1976, new green areas were created during the
conversion into a pedestrian zone

In the 1990s, large-scale priority tree planting was
introduced

Figure 10: Functional division of the main square, elements of
the square wall
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Figure 11: Percentage of surface qualities in the main square
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Figure 12: NDVI vegetation index for the main square and its

surroundings
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Figure 13: Current vegetation of the main square in Kecskemét
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in Budapest and Kecskemét [18]. The main square of
Kecskemét and its surroundings were declared an "area of
monumental significance" by the then Ministry of Environ-
ment and Regional Development and the Ministry of Cul-
ture and Public Education.

THE MAIN SQUARE

IN KECSKEMET TODAY
The main square currently performs sacral, representa-
tional, recreational, relaxation and aesthetic functions.
The division of space according to its purpose is illus-
trated in Figure 10. The main square is decorated with
four water basins, the ruin garden, 17 statues, three mon-
uments, the statues of the Calvary and Iranydomb (Bea-
con hill) [Figure 10].

Representing the formal solutions of the 1g70s, the
square is defined by a straight structural axis with a north-
east-west orientation - a wider corridor created on the site
of the former main road - three transverse axes, as well as
circular terraces and diagonal pedestrian walkways [Figure
11]. The square is divided into two parts with two different
characters. In the western part, there are larger continuous
paved pedestrian surfaces, while the eastern part is more
park-like; the landscaped areas (e.g. Szabadsag Square, the
green space in front of the Aranyhomok Hotel) and their
spatial functions have been retained. After the demolition
of the Soviet monument, the paved area between the Cal-
vinist Church and the old People's Bank was transformed
into a performance space ("Square in Square"), designed
by Gabor Farkas [16]. A fountain was built at the intersec-
tion of the axis connecting Kalvin Square and Arany Janos
street and the main axis, and a landmark dome was built at
the intersection of the promenade in front of the Town Hall
on Kossuth Square and the main axis. The third transversal
axis connects the Luther Palace and the Calvinist New Col-
lege, named after the designer of the two buildings, Valér
Mende ("Mende axis").

The main square is chiefly defined by its abundant and
taxonomically rich vegetation. 22% of the almost 50,000 m?
of the square is covered by wooded grassland, 9% by orna-
mental gardens and 2% by wooded shrubs [Figure 11]. The

square contains nearly 250 trees and shrubs, with a total
value of HUF 1.4 billion [1g]. Facades are more visible in
the built-up area. Tree groups can be found in the raised
beds bordered by small pebbles, typical of the 1g70s.
Despite the major structural alterations, it is noticeable
that the tree lines and tree groups still have a separat-
ing function, further dividing the spaces created by the
built-up square walls. The green area in front of the Aran-
yhomok Hotel has a three-level plant stand, as does the
green strip along the former bazaar row separating the
traffic axes with the remaining trees of the tree line along
the old boulevard. All these are clearly visible on the NDVI
vegetation intensity map; the average vegetation index of
the main square complex is 0.22 [Figure 12].

The typical species in the N-S axes and in the hedges
west of Arany Janos street is Celtis occidentalis, while
Sophora japonica is the species common to Rakdczi street
up to the axis of Arany Janos street. The oldest specimen,
the Millenium memorial tree, is 127 years old. The "Hazel-
nut grove" between the Town Hall and the Great Roman
Catholic Church consists of a double Corylus colurna tree
planted in 1978. More than three specimens of the gen-
era Betula, Ginkgo, Liriodendron, Morus, Picea, Fraxinus,
Prunus, Acer, Quercus and Tilia have been planted as speci-
mens in the bare ground. The main square is also home to
a number of introduced taxa (Morus alba 'Pendula’, Styph-
nolobium japonicum 'Pendula', Populus nigra 'Italica', Prunus
serrulata 'Amanogawa') [20]. Liquidambar styraciflua, Pau-
lownia tomentosa, Sequoiadendron giganteum, Ulmus minor
and Platanus acerifolia are also present in low numbers,
with a total of five trees of local historical value.

The number of woody plants with shrub habitus is low,
with 27 shrubs or groups of shrubs of the same species,
with an average age of 40 years. Berberis thunbergii and
Ligustrum ovalifolium appear as mass shrubs, and Paeo-
nia lactiflora and Viburnum rhytidophyllum in front of the
Town Hall are of considerable botanical value. The flower
beds cover 440m? and the dominant taxa in the annual
and perennial beds are Salvia, Celosia, Tagetes, Begonia,
Rudbeckia, Gaura and Ipomoea. The conversion of part of
the annual flowerbeds (about one third) into rose beds
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Table 2: Plant species used from the creation of the main square

to the present day
OWN DATA TABLE
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The town square from its In between the two From World War II Nowadays
creation until 1914 world wars to the 1990s

Trees

Alley Sophora jap. Sophora jap. Sophora jap. Sophora jap.
Acer p.Globosum’ Celtis occident. Celtis occident. Celtis occident.
Catalpa sp. Betula pubesc. Tilia cordata Sophora jap.

Prunus f. ‘Globosa’

Corylus colurna

Corylus colurna

Gleditsia triacan.

Tilia tomentosa

Carpinus betulus ‘Pyramidalis’

The town square from its In between the two From World War II Nowadays
creation until 1914 world wars to the 1990s

Shrubs

Mass-forming shrubs - Spiraea sp. (white) Berberis th. Berberis th.

Syringa sp.

Ligustrum ov.
Paeonia suffrut.
Viburnum rhyt.
Taxus baccata
Platycladus orie.

Ligustrum ov.

Paeonia suffrut.
Viburnum rhyt.

Taxus baccata
Platycladus orie.
Lonicera nitida ‘Maigriin’
Euonymus jap.

Solitaries

Buxus semperv.

Taxus baccata

Viburnum rhyt.

Juniperus virginiana ‘Grey
owl'

Xanthoceras sorbifolium

Viburnum rhyt.

Taxus b. "Anna’

Taxus baccata ‘Stricta Viridis’
Cotinus c.'Royal purple’

Tlex aquifolium

Juniperus virginiana ‘Grey Owl’

Solitary trees/
irregular groups of
trees

Tilia cordata (Millenium emlékfa)
Quercus robur ‘Pyramidalis’
Pinus nigra

Salix alba

Tilia cordata (Millenium ef.)
Salix alba

Tilia cordata (Millenium ef.)
Betula p.

Picea pungens

Populus nigra Ttalica’
Metasequoia gl.
Quercus robur

Aesculus hippo.

Salix alba

Acer saccharin.

Picea omorika ‘Pendula’
Fraxinus excel.

Larix decidua

Cedrus atlantica ‘Glauca’
Tilia tomentosa

Gingko biloba

Prunus cerasifera Atropurpurea’
Morus alba 'Pendula’
Liriodendron tul.
Liquidambar sty.

Acer platanoides

Tilia cordata

Ulmus x holland.

Quercus robour 'Fastigiata’
Morus alba "Macrophylla’
Prunus sp.

Acer campestre

Juglans nigra

Tilia cordata (Millenium ef.)
Betula p.

Picea pungens

Populus nigra 'Ttalica’
Metasequoia gl.

Quercus robur

Aesculus hippo.

Salix alba

Acer saccharin.

Picea omorika ‘Pendula’
Fraxinus excel.

Larix decidua

Cedrus atlantica ‘Glauca’
Tilia tomentosa

Aesculus carnea ‘Briotii’

Roses

Bed roses

Bed roses

Rosa ‘Cubana’
Rosa Nostalgie’
Rosa "Aprikola’
R. ‘Chippendale’
R. ‘Orangerie’
R.’La Sevillana’
Rosa ‘Memoire’
Rosa 'Kosmos'
R. 'Lions-Rose’
Rosa ‘Amica’
R.'Augusta Luisa’

Perennials

Canna (pink.)

Pennisetum alop.
Miscanthus s. 'Yaku Jima'
Yucca filament.

Iris sp.

Stipa tenuifolia

Festuca glauca
Hemerocallis sp.

Stachys byzant.

Annuals

Salvia splend.
Begonia cucull.
Celosia argentea var.
plumosa

Tagetes sp.

Salvia g. ‘Amistad’
Celosia sp.
Tagetes sp.
Begonia sp.
Rudbeckia sp.
Gaura sp.
Ipomoena sp.
Impatiens sp.

CONCLUSIONS

and the preparation of the technical/legal framework

for the planting of roses in public spaces is under way.
Direct park maintenance (management and maintenance
of flower areas, grassing, shrubs, hedges, fountains) is
carried out by the green area management department
of Kecskemét City Management Nonprofit Ltd. Automatic
watering systems are currently in operation in the orna-
mental gardens in front of the Town Hall, in the green
areas next to the Calvinist Church, in front of the Arany-
homok Hotel and the Great Roman Catholic Church and in
the Mogyords liget (“Hazelnut Grove”).

In the case of the eastern park-like area of the main
square, the large mass of woody vegetation has now
developed a well-closed canopy with the development of
irregularly arranged groups of trees. The shading capac-
ity of the vegetation in the main square can significantly
reduce the warming of the enclosed areas and mitigate
the urban heat island effect. In Kecskemét, per capita
green space is 3m?/person, which can be considered
almost insufficient [1g]. It can be said that there is a signif-
icant lack of public green space (at least 3-5ha) in relation

to the population, and therefore the main square and its
rich vegetation, designed for sacral, representational,
recreational and aesthetic purposes, are an important
element of the green infrastructure network in the city
centre.

Looking at the average age of the stand, the vegetation
is young, the main square has developed taxon-rich green
areas, and a diverse stand has been established since the
late 1990s [Table 2]. Some of the Japanese chestnut and
oyster trees in the hedgerows are already senescent, and
the condition of healthy individuals is deteriorating year

by year due to increasing UV radiation and urban climatic
factors (heat island effect, atmospheric drought). The old-
est tree in the main square is the "Millennium Linden Tree",
planted in May 1896 in front of the Town Hall. The crown
base and the skeleton are decayed, the crown is one-sided
and lateral, but with professional care, it can be main-
tained for several more years. Five of the pioneers have
reached old age: Acer saccharinum, Betula pendula, Populus
nigra Ttalica'. Most of the pine trees planted in the 1960s
have been felled, but a few remain on Kossuth Square, on
the green area in front of the Aranyhomok Hotel and next
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to the Calvinist Church. Although they are not native spe-
cies, they should be preserved because of their important
role in the landscape.

Today, there are no major social or economic factors
that have a dominant impact on the morphology of the
town square. In the course of time, the functional and
visual system of the square complex, the order and way
of using the public space, the gradual replacement of the
vegetation in line with the use of the space, as well as
the planned major investments affecting the institutions
around the square - development of the Kodaly Zoltan
Music Pedagogical Institute in Kecskemét, the complex
renovation and landscaping of the Katona Jézsef National
Theatre in Kecskemét - will be modified by the integra-
tion of new open spaces or new spaces into the main
square. The current local developments and design pro-
jects needed to influence the image of the main square
are concentrated on Kossuth Square, including the fully
renovated area in front of the Town Hall.

KNOWN BUT NOT YET
IMPLEMENTED DEVELOPMENTS

The Celtis occidentalis alley in front of the Town Hall is
ageing. More than 20 years ago, the horticultural expert
opinion prepared as part of the planning documenta-
tion for the town square and its immediate surroundings
stated that the tree line was in a critical condition, posing
a risk of accidents [21]. Kecskemét City Management Non-
profit Ltd. has started to record the actual condition of
the tree line by means of a FAKOPP survey. The trees have
undergone multiple truncations, and some of them appear
to be severely decayed even by a simple visual inspec-
tion. It is proposed to replace the tree line because of both
technical and urbanistic considerations, and a renewal
plan has already been drawn up. Along with the new tree
line, a row of rain gardens of 8 x2m per unit is planned in
the form of a green strip.

The renovation of the Town Hall will also involve the
reconstruction of its public front, side and back gar-
dens. As an integral part of the building, the ornamen-
tal gardens are representative green spaces that further

enhance the castle-like character of the building, and
have been an integral part of the building since its con-
struction. The technical content of the restoration and
improvement of the green areas is defined in the plan by
green area unit, with the following elements: installation
of an automatic watering system, installation of perennial
ground-covering perennial grasses as turf, installation of
annual, autumn-winter and specimen plants, restoration
of the fence, repair and painting of utility elements, and
construction of a rainwater silt trap for the rainwater col-
lected from the Town Hall roof.

In the Kecskemét urban development plan, the exten-
sion of the pedestrianised area of the main square in all
directions by increasing the green areas and creating an
uniform image - keeping in mind climate-friendly plan-
ning principles - is a district objective, which requires
the transformation of the city centre traffic and parking
system (construction of parking garages, underground
garages) [22]. Currently, the role of the footpath in traffic
and urban planning is being rethought in order to further
expand the zone for pedestrians and other soft transport
modes. The aim is to create a city centre with a public
space system consisting of public spaces, green spaces
and traffic-relieved transport areas, largely paved or cov-
ered with trees, within a radius of up to 750m from the
historic city core [Figure 1]. ®
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