TAJEPITESZETI ES KERTMUVESZETI FOLYOIRAT / 74. SZAM 2024
JOURNAL OF LANDSCAPE ARCHITECTURE AND GARDEN ART / NO. 74 2024

I I et ) ] 0 CEATS NG 1

| l l 1 : ! 9 e ; . " y ',." :“ . 23 54-\—
i | | ‘ : AN .. i Ty, Z
\

Zoldfeliilet-intenzités véltozasai Ujbudan, Budapest XI.
keriiletében / Changes in Green Space Intensity in Ujbuda,
in Budapest’s 11" district JOMBACH SANDOR |

N. HASSAN, YASEEN | WAGNER JAKAB RUDOLF |
DU, CHENYU | SOLCH BENEDEK |

USZTOKE LAURA

A zo6ld infrastruktura fejl6dése a véarosi metabolizmus
szemsz0gébdl / Evolution of Green Infrastructure

from an urban metabolic perspective TUFFAHA, ANAS |
SALLAY AGNES

Budepest;
Kelenfold

A telepitési siirliség és a lombkorona-boritottsag
vizsgalata budapesti szabadtereken / Study of planting
density and canopy cover in open spaces in Budapest
TOTH BARNABAS | DOMA-TARCSANYI JUDIT |
TAKACSNE ZAJACZ VERA | GERGELY ANTAL |
SZABO KRISZTINA

Eszkozok és lehetéségek az dkolégiai halozat
lehatdroldséra / Methodological possibilities of
determining the ecological network
KUTNYANSZKY VIRAG | SZILVACSKU ZSOLT

Alkalmazkodas a bizonytalansaghoz: mezégazdasagi
gyakorlatok és politikak az Ghab-siksagon, Szfriaban /
Adapting to uncertainty: agricultural practices

and policies in Ghab Plain, Syria AUDA, AMMAR |
SZILVACSKU ZSOLT MIKLOS

A varoskdrnyéki zéldinfrastruktdra morfolégiai térbeli
mintazata / Morphological spatial pattern of
peri-urban green infrastructure SHI, ZHEN |

LIU, MANSHU | WANG, XINYU | FILEPNE
KOVACS KRISZTINA O]

4D TAJEPITESZETI £S KERTMUVESZETI FOLYOIRAT / 4D JOURNAL OF LANDSCAPE ARCHITECTURE AND GARDEN ART | 7k.SZAM 2024 / NO. 74 2024

\ ZOLDFELULET-
/" INTENZITAS
i VALTOZASAI
— ' - UJBUDAN,
= BUDAPEST
MA | [ \ XI. KERULETEBEN
Magyar Agrér- és Elettudoményi Egyetem / CHANGES IN
Tajépitészeti, Telepiiléstervezési és Diszkertészeti Intézet GREEN SPACE
H-1118 Budapest, Villanyi (it 35-43. INTENSITY IN
Telefon: +36 4
EE—!nEiaci)I?tajipitezgsigt%?;i—mate.hu uJB UDA, IN
Web: https://journal.uni-mate.hu/index.php/4D \ BUDAPEST'S
U= 1am pISTRICT


mailto:tajepiteszet%40uni-mate.hu?subject=
https://journal.uni-mate.hu/index.php/4D

4D

TAJEPITESZETI ES KERTMUVESZETI FOLYOIRAT

4D

JOURNAL OF LANDSCAPE ARCHITECTURE AND GARDEN ART

TAKACSNE ZAJACZ VERA
VALANSZKI ISTVAN
SZOVENYI ANNA ANDREA

HODOR, KATARZYNA

KOLLANYI LASZLG

VAN DEN TOORN, MARTIN

SAROSPATAKI MATE

JAMBOR IMRE CHANDAWARKAR,
SHILPA BAKSHI

FEKETE ALBERT KORMENDY IMRE

KABAI ROBERT
SUSZTER VIKTOR,
BAGDINE FEKETE VEREB GEZA
ORSOLYA

MATE EGYETEMI

SZOLGALTATO
NONPROFIT KFT.

KOLLANYI LASZLO

DOOC

BY NC ND

DANCSOKNE FORIS
EDINA KLARA



mailto:tajepiteszet%40uni-mate.hu?subject=
mailto:tajepiteszet%40uni-mate.hu?subject=
https://journal.uni-mate.hu/index.php/4D
https://journal.uni-mate.hu/index.php/4D
https://doi.org/10.36249/4d.74
https://creativecommons.org/licenses/by-nc-nd/4.0/deed.hu
https://creativecommons.org/licenses/by-nc-nd/4.0/deed.hu
https://creativecommons.org/licenses/by-nc-nd/4.0/deed.hu

Zoldfeliilet-intenzitas valtozasai Ujbudén, Budapest XI.
kerliletében / Changes in Green Space Intensity in Ujbuda,
in Budapest's 11" district JOMBACH SANDOR |

N. HASSAN, YASEEN | WAGNER JAKAB RUDOLF |
DU, CHENYU | SOLCH BENEDEK |

USZTOKE LAURA

A zold infrastruktira fejlédése a varosi metabolizmus
szemsz6géhdl / Evolution of Green Infrastructure

from an urban metabolic perspective TUFFAHA, ANAS |
SALLAY AGNES

A telepitési slirliség és a lombkorona-boritottsdg
vizsgélata budapesti szabadtereken / Study of planting
density and canopy cover in open spaces in Budapest
TOTH BARNABAS | DOMA-TARCSANYI JUDIT |
TAKACSNE ZAJACZ VERA | GERGELY ANTAL |
SZABO KRISZTINA

Eszkozok és lehetéségek az dkoldgiai halozat
lehatéroldséra / Methodological possibilities of
determining the ecological network
KUTNYANSZKY VIRAG | SZILVACSKU ZSOLT

Alkalmazkodas a bizonytalansaghoz: mezdgazdasagi
gyakorlatok és politikdk az Ghab-siksdgon, Szfridban /
Adapting to uncertainty: agricultural practices

and policies in Ghab Plain, Syria AUDA, AMMAR |
SZILVACSKU ZSOLT MIKLOS

A varoskarnyéki zéldinfrastruktira morfoldgiai térbeli
mintézata / Morphological spatial pattern of
peri-urban green infrastructure SHI, ZHEN |

LIU, MANSHU | WANG, XINYU | FILEPNE
KOVACS KRISZTINA ®



4D 74, 2-23.(2024) DOI: HTTPS://DOL.ORG/10.36249/4D.74.6307

1. abra/Fig. 1: Budapest X1. keriilete és keriiletrészei, jellemzé madar-
tavlati képekkel / Budapest’s 11th district and its sub-divisions with names
and typical bird’s eye-view images
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ABSZTRAKT
Kutatasunk a "Zoldfeliilet-Intenzitas” (ZFI) mutatot alkal-
mazta annak érdekében, hogy jellemezze Ujbuda, Buda-
pest XI. keriiletének 1992 és 2023 kozotti zoldfeliilet-
véaltozasait. A ZFI mutaté a miiholdfelvételket feldolgozd
NDVI indexre (Normailzalt Vegetiacios Index) épiil, de az
értékei orthofotéhoz igazitottak, és tobb nagyon nagy fel-
bontéasu trfelvétel felhasznalasaval ellen6rizziik azokat. A
mutatot az elmult két évtizedben fejlesztettiik ki, kozis-
mertté tettiik, és magyarorszagi varosok zoldfeliileteinek
elemzésére alkalmaztuk az elmult tiz év kutatasaiban.
A zoldfeliiletek valtozasanak elemzése egy dontés-tamo-

gatd tevékenység a telepiilés-tervezésben és -feljesztésben.

Segit meghatarozni a valtozasok mozgatorugoit és a valto-
z&sok hatasat a varosklimara, a beépitett és burkolt felii-

disznovényfajok szerepére a varosi zoldinfrastruktiraban.

Varosokologiai szempontbdl ez a kutatas a jobb és fenn-
tarthatébb tervezési megolddsok megvalasztasat is tAmo-
gatja. Ujbudén, Budapest XI. keriiletében, a rendelkezésre
all6 Landsat és Sentinel miiholdfelvételek felhasznalasaval
héarom évtized valtozasait tekintettiik at. A harom évtized
els6 részében inkabb a korabbi hasznélatok felhagyasabol
fakaddan és a go-es évek el6tt épitett lakdtelepek zoldfe-
lillete er6sodésének volt koszonheto a zoldfeliilet-intenzi-
tas novekedése, ugyanakkor szamos zoldmezds beruhazas
eredményezett csokkenést. A 2015-6t kovetd idészakban

a felhagyott vagy alacsony intenzitassal mtivelt teriiletek
beépitésének ,koszonhetéen” tortént zoldfeliilet-intenzitas
csokkenés, mig novekedést tilnyomdan a korabbi épitke-
zéseket zard kertépitésekhez kapcsoldddan tapasztaltunk.

Kulesszavak: zéldfeliilet, névekedés, csdkkenés, fejlesztés,
dtalakulds, felhagyds, vdltozds, vdltozds-foltok
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ABSTRACT
This research uses the "Green Space Intensity” (GSI) index
to describe the changes of green space within Ujbuda,
Budapest’s 11™ district, from 1992 to 2023. The GSI index
is based on the Normalized Difference Vegetation Index
(NDVI) generated from satellites, but the values have been
revised and adjusted to high-resolution orthoimagery and
validated by VHR satellite images. The index has been
developed over the last two decades, is well known and
has been used in the last ten years in research to ana-
lyse green spaces within the towns and cities of Hungary.
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Analysis of green space changes provides reasonable
decision-support in urban planning and city development.
It helps to define the drivers of change and the effects

of changes on the urban climate, paved and built-up
areas, the urban habitat of wildlife species and the role
of endemic, invasive and ornamental plant species in the
city’s green infrastructure. From an urban ecology per-
spective, this research supports better and more sustain-
able planning and design solutions. In the 11" district of
Budapest, called Ujbuda or “New Buda”, using the avail-
able Landsat and Sentinel satellite images, we examined
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20 images are representing 2015. A 2015-6s évet 20 felvétel jellemzi.
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100, if 200*NDVI > 100
200*NDVI if any other

0, if 200*NDVI < 0
GSI =

Zoldfeliilet-intenzitas 2015

Zoldfeliilet-intenzitas valtozas 2025-2023

0, ha 200*NDVI < 0
ZFl = 100, ha 200*NDVI > 100
200*NDVI egyébként

Zoldfeliilet-intenzitas 2023

Green Space Intensity 2015 ‘! Green Space Intensity Change 2015-2023 !‘ Green Space Intensity 2023

® o 9 ¢

Statistical mean Number of patches

Statisztikai atlag Foltok szama

BEVEZETES ES HATTER
A zoldfeliiletek valtozasait a kutatok sokféle modszerrel
szoktdk elemezni. Egyes kutatok a zoldfeliileti arany valto-
zésaira koncentralnak [1], de vannak, akik a zoldfeliiletek
térbeli valtozasainak alakulasat is modellekkel osztalyoz-
zak [2]. Sorra jelennek meg a varosi zoldfeliiletek és a
lakdteriiletek intenzitdsanak valtozasaval [3], vagy a varosi
zoldfeliiletek mesterséges feliiletekké atalakulasaval [4, 5]
foglalkozo kutatasok is. Sokan koziiliilk hasznélnak tavér-
zékelést és NDVI-indexet a zoldfeliiletek valtozasainak tér-
képezésére [6, 7, 8]. Néhanyan ,zoldfelszin-stirtiség” néven
indexet allitanak el6 [g], és a legtobb esetben validaljak is
az adatokat [8], vagy kiegészitik a térképes elemzést légi-
és ortofotd képek vizsgalataval [10, 11].

A zoldfeliiletek felmérésére és elemzésére hasznalt
maodszerek egyike a zoldfeliilet-intenzitas (ZFI) szamitas,
amely trfelvételek és légifelvételek kombinalt feldolgoza-
saval segiti a zoldfeliilet térképezését és térinformatikai
elemzését, értékelését. A mddszer alkalmazhato telepii-
lésrészek, s6t egyes tombok zoldfeliilet-intenzitasanak
jellemzésére is.

A ZFI médszer els6 valtozata 2006-ban a "Pro
Verde” projektben [12] kertilt alkalmazasra, amely

Type of change
Valtozasok tipusa

Area of patches
Foltok teriilete

térinformatikai modszerekkel célozta meg a zoldfeliiletek
térképezését, értékelését és monitorozasi médszerének
kidolgozasat a févaros teriiletére és annak varostervezési
zonaira. A févarosrdl és agglomeracidjardl szold zoldfeli-
leti elemzési tanulmény - a projekt megalapozé tanulma-
nya [13] - els6ként hasznalta az NDVI alapu tigynevezett
"elméleti zoldfelillet-szamitasi modszert”.

Korabbi zoldfeliilet-térképezési és elemzési munkak
szadmos tapasztalattal gazdagitottak a felmérést, térin-
formatikai és vizualis képértelmezési, képinterpreta-
cios tevékenységiikkel [14], vagy ,zoldfeliileti arany” és
Jbiologiailag aktiv felilletek” kulcsszavak hasznalataval
[15] nydjtottak tAmpontokat az NDVI vegetacios index
telepiilési alkalmazasahoz. Az NDVI index a vegetacid
felszinének bioldgiai aktivitdsat mutatja ki, ezért a mod-
szerrel késziil6 publikaciok 2006-ban és 2007-ben még
a ,zoldfeliilet biologiai aktivitasa” cimszdval keriiltek
nyomdéaba [16, 17, 18]. Mivel ezzel egy id6ben elkésziilt a
teriiletek bioldgiai aktivitasértékének szamitasarol szolod
OTM rendelet [1g], ezért a késébbiek soran célszeriibbé
valt az ettdl eltérd, &m a modszer 1ényegét is jobban visz-
szaado ,zoldfelilet-intenzitas” kulcsszo bevezetése és
hasznélata [20].
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2. abra/Fig. 2: Az (rfelvételektdl a Zoldfelilet-intenzitas teriileti
statisztikai elemzéséig tarté adatfeldolgozasi folyamat példéja 2015-2023
id8szakra / Data processing from satellite images to territorial statistical

analysis of Green Space Intensity in period 2015-2023

changes over three decades. During the first part of the
three decades, the increase in green space intensity was
more due to the abandonment of former uses and due to
the increase in “block of flat” socialist type residential
areas built before the 1990s. Meanwhile, several green-
field investment projects resulted in a decrease. For the
period after 2015 the decrease in GSI was due to devel-
opment on abandoned or areas of low land-use intensity,
while increases were predominantly associated with the
greening and landscaping phase of previous construc-
tions.

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

INTRODUCTION AND BACKGROUND
Green space changes are studied by researchers in a vari-
ety of ways. Some researchers focus on the green view
ratio changes in the scenery [1], while others classify the
evolution of green space spatial changes using models [2].
Studies dealing with the change of urban green space and
the evolving intensity of residential space [3], or the trans-
formation of urban green space to artificial surfaces [4, 5]
are also emerging. Many of them use remote sensing and
the NDVI index to map changes in green space ([6, 7, 8].
Some also generate an index out of it, called “green land
density” [g], checking accuracy [8], or enhancing mapping
and analysis with VHR images from aerial and orthopho-
tograpy [10, 11].

Green Space Intensity (GSI) is one of the methods used
for green space surveying and analysis. It is applied to
help with mapping, geospatial analysis and assessment of
green space, by using satellite images and aerial photo-
graphs. The method 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 [12], which aimed to
map, assess and develop the monitoring method for green
space in Hungary's capital. The preliminary study for the
project [13] examining 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 [14], or
using the keywords of "green space ratio” and "biologi-
cally active areas” [15], prompting researchers to adapt
the NDVI to urban green space analysis. The NDVI and the
method developed on the basis of NDVI show the biolog-
ical activity of the green coverage. Accordingly, the 2006
and 2007 publications used the term "biological activity
of green space” [16, 17, 18]. At the same time, a ministe-
rial decree [1g] prescribed the “biological activity value”
calculation method, and it then became more appropriate
to introduce and use the term “Green Space Intensity” for
satellite image-based green space mapping and calcula-
tions [20].

The Green Space Intensity (GSI) method has been
developed and revised through sample area validations,
testing and feedback. As 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 [21].
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3. abra/Fig. 3: Zoldfelilet-intenzitas (ZFI) -térképek és véltozas-térképek
Budapest XI. keriiletéb8l / Green Space Intensity (GSI) maps and Change

maps for Budapest's 11" district

A zoldfeliilet-intenzitas (ZFI) elemzésének modszere
szamos tekintetben megujult, teszteken és mintateriileti
ellendrzéseken finomodott, visszajelzések alapjan feliil-
vizsgalatra keriilt. A zoldfeliilet-intenzitas (ZFI) megmu-
tatja, hogy mekkora az adott tertiletre es6 zoldfeliilet terti-
leti ardnya, és milyen az egészségi allapota. A médszer
alapjan trfelvételek és ortofotdk feldolgozasaval készi-
tett adatbazis a zoldfeliilet kiterjedésérol és allapotarol is
informacidt szolgéaltat azzal, hogy egy nullatol szaz szaza-
lékig terjed6 skalan megmutatja milyen aranyu a zoldfelii-
let intenzitasa egy adott teriileten. Els6sorban telepiilési
fejlesztési, tervezési munkak megalapozasara, dontés-els-
készitésre, a zoldfeliiletek allapotanak és valtozasanak
monitorozasara kivanja a legtobb felhasznalo alkalmazni.
A felhasznalasi példak kozott szerepel a rekreacios igé-
nyek kiszolgalasa is [21].

ANYAG ES MODSZER

A kutatds a Zoldfeliilet-intenzitas (ZFI) és a Zoldfeliilet-
intenzitas valtozasanak térbeli elemzésén alapult.
Az elemzéshez mindharom év (2015, 2020, 2023) jellem-
zésére 20-20 Urfelvételt hasznaltunk fel (Landsat 8 és
Sentinel 2 felvételek). Az 1992 és 2015 idészak esetében
a korabbi 8-8 felvételre (Landsat 4, 5, 8) épiils elemzési
eredményeit hasznaltuk fel. A Zoldfeliilet-intenzitas (ZFT)
meghatarozasahoz alapvet6en a 2011-ben Jombach 4ltal
publikalt modszert alkalmaztuk [22]. A modszer a vege-
tacié biologiai aktivitdsanak kimutatasara hasznalt NDVI
indexre épiil [23], de azt mintatertileti tesztek alapjan
atalakitja. A "Zoldfeliilet-intenzitas” (ZFI) a vegetacid
jelenlétének és egészségi allapotanak egyesitett indi-
katora, amely szazalékos értékeivel (o-100%-ig) egyet-
len szamértékkel mutatja meg milyen teriileti ardnnyal
és milyen vitalitassal bir a névényzet egy adott teriilet-
részen.

Kutatasunk fékuszteriilete Budapest XI. kertilete.
A keriilet a Duna nyugati partjan, a Budai-hegység déli
labainal és a Tétényi-fennsik északkeleti lejtéin helyezke-
dik el. Népessége a vizsgalt 31 éves idészakban 174 ezer-
r6l 143 ezer fore csokkent. A go-es években a gyengiils
ipari tevékenység mar nem vonzott tovabbi betelepiiléket,

és sokan koltoztek ki az agglomeracié elévarosi teriilete-
ire. Ennek ellenére Ujbuda még ma is a févaros legnépe-
sebb és egyik legfejlettebb kertilete. Kiemelked? fejlo-
dését meghatéarozta kdzponti térbeli elhelyezkedése és
dél-budai kozlekedési csomdponti szerepe, szdmos gyar-
ral, lakételeppel, egyetemmel, irodakozponttal és sport-
létesitménnyel. Ezek mindegyike ma mar jelentds és igen
karakteres zoldfeliilettel rendelkezik, de a valtozas mér-
téke a zoldfeliilet-intenzitas részletes elemzését indokolja.

Ujbuda az egyetlen olyan keriilet, ami a févaros min-
den varostervezési zonajat érinti. A Duna menti zéna a
foly6hoz esik kozel (Duna mente), a Gellért-hegy laba-
inal van a Bels6 zéna (K6zpont), tovabba a Hegyvidéki
zona a Rupp-hegy és a Hegyoldal keriilet-részeket foglalja
magéaba (1. 4bra). A keriilet legnagyobb része azonban
az Atmeneti zénaban (Etele és Kesertiviz) talalhaté, mig
a legdélebbi teriiletek - nevezetesen a Kamara (Kamara-
erdd) és részben a ,Hegy és volgy” teriilet (azaz Péterhegy
és Kelenvolgy) a févarosi el6varosi zénahoz kapcsolédnak.
A keriiletnek sokféle karaktere van valtozatos helyszine-
ken. Van belvarosias része, villanegyede, kertvarosi terii-
lete, kertes csaladi hazas 6vezete, hazgyari lakotelepe,
Jakopark” cimszo alatt futo ujépitésti lakoteriilete, irodai
negyede, ipari és kereskedelmi tertilete, zoldteriilete és
barnamez6s teriilete is. A keriiletet hivatalosan 21 nagyon
eltéré méretli alrészre bontja a keriileti szabalyozas
(1. &bra, kis fekete cimkékkel a térképen). Az elemzéshez
azonban felhasznaltunk a keriiletrészek varostervezési
zénakhoz kapcsolhato csoportjait is (8 teriilet, az 1. &bran
fehér szoveggel).

A ZFI valtozas-elemzések 1992 és 2015 évekre késziil-
tek kizardlag a 30 méteres térbeli felbontasi Landsat fel-
vételek felhasznalasaval [24, 25]. A jelenlegi kutatas tobb-
nyire 10 méteres felbontasu Sentinel felvételeket hasznalt
fel és a 2015-0s évet tekintette bazisévnek [26]. A feldol-
gozasi folyamat 1épéseit a 2. dbra szemlélteti a 2015-2023
id6szakra. Mindazonaltal az 1992 és a 2015 Gta tortént
véaltozasokat a 2020-as és a 2023-as év 0sszefliggésében is
elemeztiik (3. dbra). A mddszer korlatja, hogy a vertikalis
zoldfeliileteket (pl. zoldfalakat, z6ld homlokzatokat) nem
jelentéségiiknek megfeleld mértékben veszi figyelembe.
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ZOLDFELULET-INTENZITAS VALTOZASAI UJBUDAN, BUDAPEST XI. KERULETEBEN

CHANGES IN GREEN SPACE INTENSITY IN UJBUDA, IN BUDAPEST'S 11™ DISTRICT

Atlag ZF1 / Satistical mean of GSI

Zoldfeliilet—intenzitas valtozasa / Green space intensity change

Név (Keriilet) / 1992 2015 2020 2023 1992- 1992- 1992- 2015- 2015- 2020-
Name (District) 2015 2020 2023 2020 2023 2023
Budapest XI., Ujbuda / 51,2 51,3 49,0 49,2 0,1 0,2
Budapest XI.

Keriiletrész—csoportok / 1992 2015 2020 2023 1992- 1992- 1992- 2015- 2015- 2020-
Groups of sub—divisions 2015 2020 2023 2020 2023 2023
Kozpont / Centre 0,6 0,0

Hegyoldal / Hillside 52,5 53,6 51,3 52,6 01

Rupp—hegy / Rupp Hill 77,2 66,7 58,8 62,1 -10,5 -18,4 -151 -79 33
Kamara / Chamber 87,0 86,3 86,7 84,5 -0,7 -0,3 0,4

Duna mente / Danubeside 3,8 0,7 0,3 -3,1 -3,5 -0,4
Hegy és Volgy / Hill & Valley 56,0 52,4 49,4 48,7 -3,6 -6,6 -73 -3,0 -3,7 -0,7
Etele -0,5 -0,3 0,2
Keser(iviz / Bitter water 73,6 73,4 68,5 70,4 -0,2 -5,1 -4,9

Keriiletrészek / 1992 2015 2020 2023 1992- 1992- 1992- 2015- 2015- 2020-
District parts 2015 2020 2023 2020 2023 2023
Albertfalva 0,3 0,0 -0,3
Dobogé 85,3 77,4 783 81,6 =79 -7,0 0,9 4,2 33
Gazdagrét 42,1 41,4 42,9 11,9 11,2 12,7 -0,7 08

Gellérthegy / Gellért Hill 58,3 58,6 57,6 54,9 03 -0,7

Hosszarét 79,5 64,7 56,2 62,3 -14,8 -233 -17,2 61
Infopark 68 64 63 -0,4 -0,5 -0,1
Kamaraerdd 95,0 96,0 96,6 95,5 0,5 0,6 -0,5

Kelenfold -0,3
Kelenvdlgy 52,0 49,2 48,2 47,0 -5,0

Kéérberek 81,5 82,5 82,5 78,2 -3,3 0,0 -4,3 -4,3
Lagymanyos 4,0 4,1 3,4 01 -0,6 -0,7
Madérhegy 81,3 57,4 46,1 52,4 -23,9 -35,2 -28,9 -113 -5,0 63
Nédorkert 53,9 35,3 -10,1 -8,3 -45,4 -43,6

Ormez6 44,9 491 48,1 49,8 4,2 32 49 0,7

Orsdd 73,2 67,2 59,7 66,1 -6,0 -13,5 =71 -75 b4
Péterhegy 66,4 66,2 62,6 62,2 -0,2 -3,8 -4,2 -3,6 -4,0 -0,4
Pésingermajor 84,6 80,5 76,1 75,7 -4,1 -8,5 -8,9 -4.4 -4,8 -0,4
Sasad 54,8 54,2 51,1 52,7 -0,6 -3,7 -21 -31

Sashegy 59,6 61,1 60,0 60,3 0,4 0,7 -0,8 0,3
Spanyolrét 48,2 67,7 46,8 49,5 19,5 -20,9 -18,2 2,7
Szentimrevaros 0,4

4D 74, 2-23.(2024)

1. tablazat/Table 1: Zoldfeliilet-véaltozasok keriiletrészenkénti
osszesitése / Green Space Intensity and its changes in district sub-divisions

MATERIALS AND METHODS
The research is based on the spatial analysis of Green
Space Intensity (GSI) and the change in GSI. The study
used 20 satellite images (Landsat 8 and Sentinel 2) each
year (2015, 2020, 2023). It also used the data and the
results of the previous studies, which were based on
eight Landsat images (Landsat 4, 5 and 8), in both cases
from approximately 1992 to 2015. To define GSI, we
used the method published in 2011 by Jombach [22]. The
method is based on NDVI [23], which is widely used to
indicate the biological activity of vegetation but is revised
through sample area tests. GSI is a combined indicator of
the presence and 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 11™ district. The dis-
trict is located on the western bank of the Danube, at the
southern foothills of the Buda Hills and on the northeast-
ern slopes of the Tétény Plateau. Its population fell from
approximately 174,000 to 143,000 during the decades
under review. In the 1990s, declining industrial activity
meant few new residents were attracted to the area, and
many moved to the suburban areas of the agglomeration.
Nevertheless, Ujbuda is still the most populous and one
of the most developed districts of the capital city. Its out-
standing development has been determined by its central
geographical location and the role being a transport hub
in southern Buda, with many factories, residential areas,
universities, office centres and sports facilities. These all
have significant and highly distinctive green spaces today,
but the extent of their change necessitates a detailed
analysis of green space intensity.

The 11" district is the only district that is part of all
urban planning zones of the city. The Danube zone is
along the river (Danubeside), the Inner zone (Centre) is

close to Gellért Hill, the Hilly zone includes the Rupp Hill
and the Hillside district parts (Fig. 1). The majority of the
district can be found in the Transitional zone (Etele and
Bitter water areas), and some of the most southerly areas
(Chamber and partly the Hill & Valley area, that is Péter
Hill and Kelen Valley) are linked to the Suburban zone

of the capital city. The character of the district varies
depending on the locality. These include city-centre , vil-
la-style and garden-city neighbourhoods, as well as parts
comprising family homes with gardens, apartment-block
housing estates, new residential areas under the name
“residential parks”, office quarters, industrial and com-
mercial areas, green areas and brownfield sites. The
district is officially divided into 21 sub-divisions of very
different sizes (Figure 1, small black labels on map). How-
ever, for the analysis we also used groups of sub-divi-
sions that can be linked to urban planning zones (8 group
names, white text on Figure 1).

The GSI change analysis was conducted for the years
1992 and 2015, using only Landsat images with 3om spa-
tial resolution [24, 25]. The current study used Sentinel
images with 10om resolution and considered 2015 as a
base year [26]. The data processing steps are shown in
Figure 2 for the period 2015-2023. However, the changes
since 1992 and 2015 were also analysed in the context of
2020 and 2023 (Figure 3.). The limitation of the method
is that vertical green surfaces (e.g. green walls, green
facades) are not taken into account to the extent of their
significance.

RESULTS
The mean green space intensity of Ujbuda was around
50%, similar to the Budapest average, in the three decades
under study. From 1992, the average value fell from 51.2%
to 49.2% by 2023, driven by the significant construction



10

ZOLDFELULET-INTENZITAS VALTOZASAI UJBUDAN, BUDAPEST XI. KERULETEBEN
CHANGES IN GREEN SPACE INTENSITY IN UJBUDA, IN BUDAPEST'S 11™ DISTRICT

Savoya Park
shopping mall
bevdsdrlokézpont

EREDMENYEK
Ujbuda teriiletére dsszesitve - a févarosihoz hasonlé -
50% korili zoldfeliilet-intenzitas érték volt jellemzé a vizs-
galt harom évtizedben. Az 1992-es évben még az 51,2%-0s
atlagértékrél 2023-ra 49,2%-ra csokkent, 2020-ban a 49%-
ot is érintette, annak kovetkeztében, hogy a megel6z6
id6szakra nagy épitkezési hullam volt jellemzé. Az 1990-
es évektol kezd6dben f6ként az olyan zoldmez6s beruha-
zasok eredményeztek nagyobb visszaeséseket mint amit
a 2000 utdn megépiilt Savoya Park bevasarlé-kdzpont
kornyékén latunk (4. dbra). A puszta statisztikai értékek
alapjan azt mondhatnank, hogy 31 év alatt 6sszességé-
ben inkabb stagnélas tortént, de a vizsgalt id6szak utolso
nyolc éve erdételjes kilengéseket mutatott (1. tablazat).
Kiilonosen igaz az allitas, ha keriiletrész-szinten vizsgél-
juk az eredményeket, és a helyben jellemz6 valtozasokat
is megfigyeljiik. A 2015-2020 kozotti 2%-ot meghaladé

"é.. ’»,:‘//"‘\\ P S
Savoya Park // e -1
- X { // Sy o ’ ,/‘A
shopping mall / / ]
\-"v ///’ i /"1/‘ .

) s . ’i“:‘v‘
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OpenStreetMap ~ / © "

2015. 05. 14.
Orthophoto / Ortofoté

visszaesés a févarosi kertiletek kozott a hatodik legna-
gyobb csokkenést jelentette.

A Savoya Park abréajan megfigyelhet6, hogy a felha-
gyott tertileteken spontan novekedd zoldfeliiletek jelen-
tek meg (4. 4bra). Hasonlo jelenség érvényesiilt azon a
helyszinen is, ahol a K6érberek lakénegyed létestilt és
napjainkban is fejlédik. Az egykori mezdgazdasagi terii-
leteken (f6ként gyiimolcsos, gyep, szantd) megvaldsult
lakéteriileti, sport és részben rekreacids célu fejlesztések
zoldfeliilet-intenzitds-csokkenést eredményeztek. Ugyan-
akkor a szomszédos gyepek és gylimolesosok felhagyasa-
val erdsodott a zoldfeliilet-intenzitas (5. abra), ami spon-
tan cserjésedés és erddsiilés utjan altalaban invaziv, gyor-
san terjed6 gyomfajokkal vegyesen valésul meg. Ez nem
biztosit tobbfunkcids varosi zoldfeliiletet, ugyanakkor kli-
matikus hatasa kedvezd lehet a kérnyez6 lakoéteriiletekre.
A Kéérberek és Kamaraerd6 kertiletrészek azonban épp a

4D 74, 2-23.(2024)
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<<y, abra/Fig. 4: Valtozasok a Savoya Park kérnyékén a zéldmez8s
beruhédzas eredményeként / Changes near Savoya Park due to green field
investment
5. abra/Fig. 5: Z6ldmez8s beruhazés a Koérberek kdrnyéki lakéépiletek
épitésekor / Greenfield investment of housing estates in the Kéérberek
neighbourhood

Kéérberek
residential complex
lakénegyed

1992. 07. 21.

Orthophoto / Ortofoté
FOMI, Lechner Knowledge Center

activity in the previous decade. From the 1990s onwards,
the process of greenfield investment caused a major loss
of green space intensity, as seen around the Savoya Park
shopping centre, built after 2000 (Figure 4). Based on the
statistics alone, one could say that there has been stag-
nation overall over 31 years, but the last eight years of
the period under review have shown strong fluctuations
(Table 1.), especially when looking at the results at sub-di-
vision level, or extending the analysis to include the local
character of the changes. The decline of more than 2%
between 2015 and 2020 was the 6™ largest among the dis-
tricts in the capital city.

The spontaneous growth of green areas in abandoned
locations can be observed near Savoya Park (Figure 4).
A similar phenomenon we observed in the area where the

Kéérberek housing estate was built and is still developing.

Residential, sport and partly recreational development on

) residential complex |
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former agricultural land (mainly orchards, grassland and
ploughland) has resulted in a reduction in green space
intensity. At the same time, by contrast, the abandonment
of grassland and orchards has increased the intensity of
green space (Figure 5) that occurs through spontaneous
shrub growth and afforestation, usually mixed with inva-
sive, fast-growing weed species. This does not provide
multifunctional urban green spaces, but may have a bene-
ficial climatic effect on surrounding residential areas and
enhance biodiversity. However, the Kéérberek and Kamar-
aerd6 sub-divisions still have the highest green space
intensity (78% and 96% respectively).

However, the green areas of the 1970s housing estates
of the Ormez6, planted with trees and shrubs in the 1980s
and 1990s, have strengthened over the three decades.

As is typical in case of the housing estates, the green
space intensity has increased moderately. The gain is
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1992-2023

Ormezé, Kelenfold

housing area, railway station,
lakételep és palyaudvar

1992. 07. 21.
Orthophoto / Ortofoté
FOM), Lechner K

legmagasabb zoldfeliilet-intenzitassal rendelkez kertilet-
részek még napjainkban is (78% és 96%).

Az 1g70-es években épitett Ormez6i lakStelep 8o-as és
go-es években fasszariakkal betelepitett zoldfeliiletei a
vizsgalt id6szak harom évtizede alatt azonban megerdsod-
tek. A hazgyari lakételepekre jellemz6 modon a zoldfeli-
let-intenzitds mérsékelt novekedést mutat. A névekedés

a fak korona-erésodésének és ezaltal a burkolt feliiletek
folé is benyil6 nagyobb lomb-boritottsagnak kdszon-
heté. Ormez6 keriiletrész zoldfelillet-intenzitasa 44,9%-
rél 49,8%-ra novekedett 31 év alatt. Hasonlé jelenséget
figyeltiink meg Gazdagrét kertiletrészben is, ahol ez az
érték 30,2%-1r6l 42,9%-ra novekedett. Az Mi-es autdpa-
lya melletti beépitések (benzinkutak, parkolchaz, auto-
kereskedések) latvanyosan jelzik az utak mentén tor-
ténd fejlesztések zoldfeliilet-csokkentd hatasat (6 abra).
A Kelenfoldi palyaudvar kornyéke jelentds atalakuldason

4 “' housing area ' -
\Iakotelep 7

Py

2022. 06. 19.

Orthophoto / Ortofoté
Lechner Knomledn Cemer

ment keresztiil. A metr6-végallomads, a vasutallomas és a
buszpalyaudvar kialakitasaval, a “Budapest One” irodahaz
és az Etele Plaza megépitésével tobbnyire veszitett zoldfe-
lillet-intenzitdsabdl a teriilet.

Vizsgalataink alapjan a XI. kertiletben a legtobb valto-
zast a lakéteriileti fejlesztések hoztak magukkal. Az egyik
legkorabbi lakéteriileti fejlesztés, a Sasad Liget lakopark
két itemben megépiilt tombjeinek zoldfeliilet-valtoza-
sai j6l mutatjak az épitési teriiletek kialakitasaval eltling
zoldfeliileteket és az épités befejezése utan telepitett
novényzet er6sodésének folyamatat. A 2008-2009-es
gazdasagi valsagévekben épitett elsd iitemben (délkeleti
rész) kialakitott zoldfeliiletek a gondos fenntartasnak és
ontozdérendszernek koszonhetéen a 2015-2023 id6szakban
tovabb erdsodtek. Ugyanakkor a valsag évei utdn a maso-
dik iitem (északnyugati rész) évekig varatott magara, és
a teriilet felhagyasaval spontan gyomosodas, cserjésedés

4D 74, 2-23.(2024)
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<<b. abra/Fig. 6: Kelenfdld vasatallomés a 4-es metré végélloméssal:
A valtozékony karnyék / A change-prone neighbourhood with a subway

terminal: Kelenféld Railway Station

7. abra/Fig. 7: Lakoteriileti megUjulds a Sasad Liget laképarkok épitésével,
kordbbi lakétertileti helyszinen / Renewal of housing in the Sasad Liget

neighbourhood on a former residential site

2015-2023

Sasad Liget
apartment park
lakopark

2015. 05. 14.

Orthophoto / Ortofotd
Lechner Knowledge Center

due to the growth of trees and thus the greater canopy
coverage over the paved surfaces. The GSI of the Ormez6
district has increased from 44.9% to 49.8% over 31 years.
A similar phenomenon can be observed in the Gazdagrét
district, where the figure rose from 30.2% to 42.9%. By
contrast, the development along the M1 motorway (petrol
stations, car parks, car dealerships) is a striking example
roadside development reducing green space (Figure 6).
The area around Kelenf6ld station has undergone a major
transformation. With the construction of the metro termi-
nal, the railway station and the bus station, the “Budapest
One” office building and Etele shopping mall, the area has
lost much of its green space intensity.

Based on our analysis in district XI, most of the
changes have come from residential developments. The
changes in green space in the two phases of the earliest
residential development, the Sasad Liget housing estate,

¥
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7

2023.08.04

Google Earth Satellite

illustrate the loss of green space as construction sites
were developed and the increase in vegetation planted
after the construction was completed. The green spaces
established in the first phase (south-east) built in the
years of the 2008-200g economic crisis were further
enhanced in the period 2015-2023 thanks to careful main-
tenance and irrigation systems. However, after the crisis
years, the second phase (north-west) was delayed for sev-
eral years and, with the abandonment of the area, spon-
taneous weed and scrub encroachment started, resulting
by 2015 in an enclosed green space of moderate value
(Figure 7.). A decrease was observed in 2015-2023, when
the second phase of the Sasad Liget apartment park was
completed. Here, a public garden (Sasad Liget Park) was
designed in the central part, forming the largest patch of
green space growth, o.4 ha in total, an over 40% increase
in the Sasad subdivision and the whole district as well.
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<<8. abra/Fig. 8: Laké- és irodahdzak épitése Nadorkert és Lagymanyos
térségében / Development of office buildings and housing estates in the
Nddorkert and Ldgymdnyos areas

9. abra/Fig. 9: Sok valtozés-folt, sok z&ld veszteség, kis zéldfeliileti
nyereséggel az Etele Gt kérnyékén / Many changes, more loss and limited

Nadorkert, MOL Ca
Residential and office area
Lako- és irodanegyed

2015. 05. 14.
Orthophoto / Ortofoté

2023. 08. 04.
e Earth Satellite
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gain of green spaces near Elele Road

2015. 05. 14.

Orthophoto / Ortofoté -
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indult meg, amelynek készonhetéen egy kozepesen érté-
kes vegetacio alakult ki 2015-re (7. 4bra). Ennek csokke-
nése figyelheté meg a 2015-2023 id¢szakban, amikor a
Sasad Liget laképark masodik iiteme megvaldsult. Itt a
kozponti részen egy kozkert (Sasad Liget park) is létrejott,
ami a legnagyobb kiterjedésti, 0,4 hektaros, 40% feletti
zoldfeliilet-novekedési foltot eredményezte Sasad kertilet-
részben és az egész keriiletben.

A Duna-menti zénaban a kertileten beliil a zoldfelii-
let-intenzitas 18,6%-rol 22,4%-ra novekedett 1992 és 2015
kozott, majd a kdvetkezé 8 évben tobb mint 2,5%-kal
lecsokkent 18,9%-ra. A Nadorkert a maga 15 hektarja-
val a legkisebb kertiletrész, de jol illusztralja a folyamat
lényegét (8. abra). A 1992-t6l 2015-ig a Nadorkert felha-
gyasaval és cserjésedésével a zoldfeliilet-intenzitas kozel
18,6%-4rdl 54%-ra emelkedett, majd a BudaPart irodahaz
és lakéhaz komplexum épitésével 2020-ra lecsokkent

8,5%-ra, és az utolsé vizsgalt szakaszban 2023-ra 10,3%-
ra n6tt. Mondhatnank, hogy egyedi és szamait tekintve
val6ban extrém példa, de sok helyen alakult hasonléan a
felhagyott Duna menti gazdasagi, vasuti és ipari teriiletek
sorsa. A felhagyas éveiben spontan, vélhet6leg agresszi-
ven terjed6 gyomfajokkal vegyes cserjésedés indult meg,
majd egy épitési hullamban az igy keletkezett zoldfeliile-
teken beépités tortént, amit zoldfeliilet-telepités kovetett.
A Lagymanyos és az Infopark varosrészben az alacsony
14-18%-0s intenzitas értékekrol 31 év alatt 18-24% érté-
kekre novekedett a zoldfeliilet-intenzités. Itt szdmos
kisebb foltban valdsult meg zoldfeliilet-fejlesztés és meg-
lévé zoldtets-feliilet bovitése is.

Az Etele it mentén sok valtozas-foltot dokumental-
tunk a 2015-2023 id6szakban. A zoldfeliilet csokkent a vil-
lamosvonal kialakitdsanak, az Etele Plaza és egyéb lako-
éplletek épitésének kovetkeztében (g. 4bra). Mig az Etele

Within the district in the Danube zone, green space
intensity increased from 18.6% to 22.4% between 1992
and 2015, before falling by more than 2.5% over the next
eight years, back to 18.9%. The Nadorkert, with its 15
hectares, is the smallest part of the district, but it illus-
trates the essence of the process (Figure 8). From 1992
to 2015, with the abandonment and scrub growth of the
Nadorkert, green area intensity increased from nearly
18.6% to 54%, then fell to 8.5% by the year 2020, thanks
to the construction of the BudaPart office and residen-
tial complex, and increased to 10.3% by 2023. It could be
said that this is a unique and extreme example in terms
of numbers, but there are many places where the aban-
doned economic areas, railways and industrial sites along
the Danube have had a similar history. In the years of
abandonment spontaneous shrub formation is witnessed,
presumably starting with aggressive weed species,

followed by construction, until finally garden and open
space design reaches the area. In the Lagymanyos and
Infopark sub-division, the intensity of green space has
increased from 14-18% to 18-24% within 31 years. Several
small patches of green space have been developed here
in this new area and an existing green roof has also been
extended.

Many change patches have been documented along
Etele Road between 2015 and 2023. Green space has been
reduced due to the construction of the tram line, Etele
Mall and other residential buildings. While a tree line
was cut in the green lane of Etele road, the mall was built
on a formerly built up area (Figure g.). The old buildings
were demolished in 2010 and then the area was left aban-
doned and increasingly overgrown by weeds until 2018.
However, the construction not only affected the young
perennial weeds within the site, but also the roadside
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10. abra/Fig. 10: Valtozasi folyamatok, tendenciék, hulldmok a
Madarhegy és a Spanyolrét kdrnyékén / Processes, tendencies, waves in
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changes of Maddrhegy and Spanyolrét neighbourhood

it elvalasztosaviaban fasor kivagéasa tortént, addig a plaza
a 2010-ben lebontott épiiletek helyén, id6kozben felha-
Az épitkezésnek azonban nemcsak a telken beliili par
éves gyomok, hanem a telekhataron kiviil es¢ ttszéli fak
is dldozatédul estek. A bevasarlokozpont kozelében jelen-
leg nincsenek féak, a telek 100%-ban beépitésre kertilt. Sok
esetben lathato az épitési munkak évekig torténd elhizo-
désa keriiletszerte, igy Kelenfold kertiletrészen is, aminek
kovetkezménye a novényzet megjelenése az elkeritett,
nem bolygatott épitési teriileteken. Ezeknek is kdszon-
het6, hogy 1992 és 2015 kozott tobb mint két szazalékot
novekedett a zoldfelilet-intenzitds a kertiletrészben, de
azdta 0sszességében inkabb stagnélast vagy némi csok-
kenést is megfigyeltiink. Az intenzitas szinten tartasahoz
minden bizonnyal hozzajarult az is, hogy a Bikas parkban
ontozdérendszert épitettek be, aminek a hatdsa mar 2015
utan érzékelhetd volt. Az ontozéssel f6leg a park gyepte-
riiletének intenzitdsa valt stabilabb4 a nyari id6szakban.
A véltozasok tobb évtizeden &tnyuld elemzése soran
felmertil a kérdés, hogy miképpen érdemes a zoldfeli-
let-intenzitas-valtozasok irdnyat és mértékét osszesiteni.
A szazalékos kimutatasokat kertiletrészekre lebontott
tablazatos formaban vagy a jelent6s valtozasok mértékeé-
nek statisztikai dsszesitésében vagy a valtozasfoltok elhe-
lyezkedésében, kiterjedésében, szamaban lehet meglatni
a lényeget? Az egyes valtozasok konkrét beazonositésa-
val, tipizdlasaval, a teriiletek helyszini bejardsaval lehet
leginkdbb megismerni és jellemezni a valtozasi folyamato-
kat? Az djbudai eredmények azt mutatjak, hogy midezekre
sziikség van ahhoz, hogy koriiltekint6 képet alkossunk a
zoldfeliilet mennyiségi valtozasairdl. A mindségi valtoza-
sokra a terepen szerzett informaciok és a valtozasok jel-
lege, részletesebb képe alapjan lehet csak kovetkeztetni.
A Madarhegy keriiletrészben zajlé egyértelmi lako-
tertilet-fejlesztési folyamat mogotti zoldfeliilet-valtozas
is olyan Osszetett, amit leginkabb csak képsorozatokkal
lehet érzékeltetni. Az 1992-2020 id6szakban a teriilet
nagymértékii valtozdson ment keresztiil, 81,3-r61 46,1%-
ra esett vissza a zoldfeliilet-intenzitas. A 2020-2023 id6-
szakban a tovabbra is zajlo épitkezések ellenére a mar

elkésziilt lakoingatlanok kertjének felcsepereds, gondo-
zott és Ontozott novényzete helyenként mennyiségi nove-
kedést is tudott eredményezni (10. 4bra). A névekedést
2023 csapadékos karaktere és a tovabbi nagy kiterjedést
érint6 spontan gyomosodo tertilet is erdsitette. Az Gjépi-
tést lakoteriiletek zoldfeliilet-intenzitasanak valtozasait
a novényzet kifrtasatol induld, djratelepitésen, néveke-
désen, érésen és oregedésen keresztiil vezetd korkoros
folyamat allomaésai jellemzik. A folyamatot egyrészt az
épités, a fejlesztés, masrészt a gondozas és a felhagyas
hullamai cizellaljak. Ez az értelmezés pedig kiemeli a
zoldfeliiletek tervezésének, kivitelezésének és kezelésé-
nek fontossagat.

VITA

A Zugldra, Budapest XIV. keriiletére készitett tanulma-
nyunkban [27] szamos zoldfeliilet-intenzitas valtozas-ti-
pust feltartunk. Ezek koziil sokat megtalaltunk Ujbudan
is. Par esetben tjabb valtozastipusokat is beazonositot-
tunk, melyeket a 2. és a 3. tdblazatban figyelhetiink meg.
Kilon kategoridba soroltuk a COVID-19 jarvany idején a
reptér gyepén szazaval parkolé kamionok hatdsara csok-
kend zoldfeliilet-intenzitast, majd a jarvany és az ideigle-
nes parkolds megsz{intével ujjaéled6 gyepet. Szokatlan a
sportpalya (teniszpalya) hosszui évekre toréné felhagyasa,
de akadt ra példa, mint ahogy utépitésre, utak bévitésére,
kanyarodo savok kialakitdsara, tovabba zoldtet6k meg-
szilintetésére és napelemmel torténé helyettesitésére is.

Valamennyi valtozas-foltot egy térképre téve megalla-
pitottuk, hogy a keriilet 28,1%-an tortént valamilyen valto-
z4s a 31 év alatt (11./A 4bra). Ebb6l kivonva a 0,23 km?*-es
szantoteriiletet elmondhatjuk, hogy a kertilet 27,4%-4n
tortént valamilyen zoldfeliilet valtozas a hat vizsgalt
id¢szak valamelyikén (1992-2015, 1992-2020, 1992-2023,
2015-2020, 2015-2023, 2020-2023). Budapest Févaros
Telepiilésszerkezeti Tervében [28] megnevezett “jelentds
véltozassal érintett teriilet” tobb mint felén tortént vala-
milyen iranyu zoldfeliilet-intenzitas-valtozas (11/B &bra).
A Rupp-hegy varosrészben, amely a f6varosi varostervési
zondak koziil a Hegyvidékibe tartozik - a valtozasfoltok
teriilete meghaladta az 54%-ot. Madarhegy, Spanyolrét és

: Spanyolrét — Abandonment of orchards, clearance of allotm
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Zoldfeliilet-intenzitas ndvekedését kivalto
jelenségek / Phenomena causing growth in
Green Space Intensity

Zoldfeliilet-intenzitas ndvekedését kivalto
jelenségek / Phenomena causing growth in
Green Space Intensity
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Zoldfeliilet-intenzitas ndvekedését kivalto
jelenségek / Phenomena causing growth in
Green Space Intensity

Korabban / Earlier Késdbb / Later

Korabban / Earlier Késdbb / Later

Korabban / Earlier Késdbb / Later

1. Kdzkert létesitése korabbi épitési teriileten
(2019-2022) / Creation of a public garden on a former
construction site (2019-2022)

2. Lakoterileti zold telepftése telken beldl
(2019-2022) / Garden construction in a residential
plot (2019-2023)

3. Felhagyott teriilet cserjésedése (2015-2023) /
Scrub growths on abandoned land (2015-2023)

NSY T

4. Sportpalya (teniszpélya) felhagyasa, cserjésedése
(2013-2022) / Sports field abandonment leading to
weed and scrub growth (2013-2022)

5. Parkolé helyén épiilet mélygarazzsal és
zéldfeliilettel (2015-2022) / Building with
underground garage and green space on a former
parking lot (2015-2022)

6. Gyep Ujjdéledése ideiglegenes parkoldhely
felszémolasaval (COVID utén) (2020-2023) /
Lawn revitalisation by removing temporary parking
(after COVID) (2020-2023)

Zoldfeliilet-intenzitas ndvekedését kivalté
jelenségek / Phenomena causing growth in
Green Space Intensity

Zoldfeliilet-intenzitas ndvekedését kivalto
jelenségek / Phenomena causing growth in
Green Space Intensity

Zoldfeliilet-intenzitas ndvekedését kivalto
jelenségek / Phenomena causing growth in
Green Space Intensity

Korabban / Earlier Késdbb / Later

Korabban / Earlier Késdbb / Later

Korabban / Earlier Késobb / Later

1. Mifiives sportpélya létesitése (2015-2022) /
Construction of sports field with artificial turf

2. Parkol6 kialakitésa (2015-2022) / Area for parking
(2015-2022)

3. Utépités (2015-2022) / Road construction
(2015-2022)

(2015-2022)

4. Utb6vités, Gtszélesftés (2019-2022) / Road
extension, road widening (2019-2022)

5. Z6ldtetd megsziintetése (2021-2023) / Elimination
of green roof (2021-2023)

6. Reptér gyepteriiletén ideiglenes parkold
kialakitésa (COVID idején leallt kamionok)
(2015-2020) / Temporary parking area on the grass of
the airport (Trucks during COVID) (2015-2020)
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2. tablazat/Table 2: Specidlis zoldfeliilet-intenzitas névekedés-tipusok
a XI. kertiletben / Specific types of growth in Green Space Intensity in

the 11" District

A KEPEK FORRASA: ORTOFOTO, LECHNER TUDASKOZPONT, GOOGLE EARTH MUHOLDFELVETEL /
IMAGE SOURCE: LECHNER KNOWLEDGE CENTRE, GOOGLE EARTH SATELLITE
3. tablazat/Table 3: Zoldfeliilet-intenzitas csdkkenés-tipusok a XI.
kertiletben / Types of decrease in Green Space Intensity in the 11th District
A KEPEK FORRASA: ORTOFOTG, LECHNER TUDASKOZPONT, GOOGLE EARTH MUHOLDFELVETEL /
IMAGE SOURCE: LECHNER KNOWLEDGE CENTRE, GOOGLE EARTH SATELLITE

trees outside the plot boundary. As such, there are cur-
rently no trees near the mall, and the plot has been 100%
built in. In many cases, construction work seems to have
been delayed or stopped for a couple of years throughout
the district, including in the Kelenf6ld sub-division. This
results in vegetation growth in fenced, non-used, non-dis-
turbed construction sites. The factors above are also
responsible for an increase in green space intensity of
more than 2% between 1992 and 2015 in Kelenftld. Since
then there has been overall stagnation or minor decline.
The installation of an irrigation system in Bikas Park (Bull
Park), the effect of which was already noticeable after
2015, has certainly contributed to maintaining the level of
intensity in the district. The irrigation system has led to

a more stable intensity, especially in the lawn area of the
park, during the summer period.

An analysis of changes over several decades raises the
question of how to summarise the direction and extent
of changes in green space intensity. Is it reasonable to
see the percentage statements in a table of subdivisions
(Table 1), or in a statistical aggregation of the significant
changes, or in the location, extent and number of change
patches? Is the best way to understand and character-
ise change processes by identification and classification
of individual changes, by visiting sites in the field? The
results from Ujbuda show that all of these are necessary
to build up a comprehensive picture of quantitative green
space changes. Qualitative changes can be estimated
through fieldwork, and the type and details of individual
processes.

The change in green space in the Madarhegy district,
despite the clear residential development process, is also a
complex one that can be best captured through a series of
images. Over the period 1992-2020, the area underwent a

major decline in green space intensity from 81.3% to 46.1%.

In the period 2020-2023, despite the ongoing construction
works, the emergence of mature, well-maintained and irri-
gated greenery in the gardens of the completed residen-
tial properties has led to a quantitative increase in some
places (Figure 10). This growth was also enhanced by the
rainfall character of 2023 and, in addition, by a large area

of spontaneous weed growth. The changes of GSI in newly
developed residential areas are characterized by a circu-
lar process with stations of vegetation clearance, replant-
ing, growth, maturation and ageing. The process is further
shaped by waves of construction, development, mainte-
nance and abandonment. This interpretation in turn high-
lights the importance of the design, construction and man-
agement of green spaces.

DISCUSSION
In our previous study in Zuglo, Budapest, District XIV [27],
several types of GSI changes were identified. Many of
these were also found in Ujbuda. In a few cases we also
identified new types of change, which can be observed in
Tables 2 and 3. In a separate category, we identified the
reduction in green space intensity during the COVID-1g9
pandemic due to the hundreds of trucks parked on the
airport grass, and the revival of the grass after the pan-
demic and the temporary parking had ended. The aban-
donment of the sports field (tennis court) over many years
is unusual, but there has been an example of this, as well
as road building, road widening, the creation of turning
lanes and the removal of green roofs, to be replaced by
solar panels.

Putting all the change patches on a map, it has been
determined that 28.1% of the district has seen some
change over the 31 years (Figure 11/A). Excluding the
o.23km? of arable land, 27.4% of the district still expe-
rienced some change in green space intensity in one of
the six periods studied (1992-2015, 1992-2020, 1992-2023,
2015-2020, 2015-2023 and 2020-2023). More than half of
the area subject to significant change according to the
Budapest Urban Structure Plan [28] experienced some
change in green space intensity (Figure 11/B). In the
Rupp-hegy district, which is part of the Hegyvidék urban
planning zone of the capital, the area of change patches
exceeded 54%. Madarhegy, Spanyolrét and Nadorkert
sub-districts were affected by territory more than 80%
within the 31-year time span (Figure 11/ C, D).

The large proportion of land where the green space
value has changed indicates that the vegetation has been
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Direction and intensity of changes
A valtozasok iranya és mértéke

Jelmagyarazat
Keriilethatar

Nincs valtozas

Legend
District boundary

Percentage of areas affected by change (%)
A valtozassal érintett teriiletek aranya (%)

No change
Change in 1 period
Change in 2 periods
! Change in 3 periods
I Change in 4 periods
I Change in 5 periods
Il Change in 6 periods

Keriiletrészek és al-részek

Zoldfeliilet-intenzitas valtozas mértéke
-] +40 (40%-nal nagyobb mértéki ndvekedés)
|1 +20 (20%-ndl nagyobb mértéki novekedés)
) -40 (40%-nal nagyobb mértéki csdkkenés)

| -20 (20%-ndl nagyobb mértékii csokkenés)
[ Jelentds véltozassal érintett ter. (BFTszerk.Terv2021)

Véltozasok szama 31 év alattt
(Az érintett idoszakok szama alapjan)

Véltozas egy iddszakban
Véltozas ket idészakban
Véltozés harom id6szakban
[ Valtozés négy idGszakban
[ Valtozas 6t idGszakban
I Véltozas hat iddszakban

District parts and sub-parts

Change of Green Scpace Intensity
=) +40 (Increase bigger thatn 40%)
I_] +20 (Increase bigger thatn 20%)
=) -40 (Decrease bigger thatn 40%)

..} =20 (Decrease bigger thatn 20%)
[ Area of significant change (City Structure Plan 2021)

Number of changes within 31 years
(Based on the number of periods affected)

Change by district parts and sub-parts (%)
ként és al-részenké

The frequency of changes
A valtozasok gyakorisaga

Percentage of areas affected by change (%)
A valtozassal érintett teriiletek aranya (%)

Valtozas keriiletré
CJo-10
CJ10-20

20-30
30-40
40 - 50

B 80-856

Néadorkert kertiletrészek tobb mint 8o szazalékat érin-
tette valtozasfolt a 31 éves id6tavon beliil (11/C, D 4bra).

A nagy teriiletre kiterjed6 valtozasfoltok azt jelzik,
hogy a novényallomény a vizsgalt 31 év alatt a keriilet
tobb mint negyedén teljesen kicserél6dott. Ez nem csak
azt jelenti, hogy bizonyos névényegyedek helyett Gjakat
iiltettek a kertekben vagy parkokban, hanem inkabb azt,
hogy a novényzet legaladbb egy idére eltlint, vagy jelen-
tésen lecsokkent a vitalitdsa, majd megrésodott, tjra tele-
pitésre keriilt. Mindez fokozottan ravilagit a tajépitészek
szerepére a varosi zoldfeliiletek tervezésében, kivitelezé-
sében és fenntartdsdban. Kiemelt jelent6sége lehet a ter-
vezésnek a biodiverzitas megérzésének, a terepalakitas-
nak, a vizmegtartasnak, a fajvalasztasnak és a telepitett
egyedek kezelésének, hiszen lathatjuk, hogy a zoldfelii-
let legalabb a kertilet negyedében kicserél6dott, de leg-
alabbis jelentdsen atalakult harom évtized alatt.

(%)

OSSZEFOGLALAS

A kutatds célja az volt, hogy a XI. keriiletben gy ele-
mezzik a Zoldfeliilet-intenzitas valtozasait, hogy megha-
tarozzuk:

+ a valtozas dominéns irdnyat,

- a valtozasok térbeli sajatossagait,

« a valtozasok jellegét és

« a valtozasok jelentéségét.

A zoldfeliilet-intenzitas valtozasabdl levonhato kovet-
keztetések:

- A zoldfeliilet-intenzitas valtozasa a keriilet egészére
mérsékelt csokkenést jelez. Helyenként azonban ez
féként az épitési beruhazasok miatt jelentds csokke-
nést takar, amit ritkabban kisebb zoldfeliileti fejleszté-
sek, gyakrabban felhagyott teriiletek spontan gyomo-
sodésa, cserjésedése ellensulyoz.

11. bra/Fig. 11: A vizsgélt id6szak 31 éve alatt bekdvetkezett
valamennyi jelent8s zéldfelllet-intenzitds-véltozds / All Green Space
Intensity change over the entire analysed time period of 31 years

completely replaced in more than a quarter of the district
over the 31 years studied. This does not mean simply that
certain plant species have been replaced by new ones
within gardens or parks, but that vegetation has disap-
peared for some period of time and may (or may not) have
been replanted later. This highlights the role of land-
scape architects in the design, maintenance and protec-
tion of urban green spaces. Landscaping, water retention,
species selection and the management and protection of
planted specimens are particularly important in biodiver-
sity conservation. Biodiversity conservation, landscap-
ing, water retention, species selection and management
of planted species can be of particular importance to the
design, as we can see that the green cover in at least a
quarter of the district has been replaced or at least signifi-
cantly transformed over three decades.

SUMMARY

The goal of the research was to analyse the changes in
Green Space Intensity based on satellite images in Ujbuda,
Budapest’s 11th district, and the areas making up the dis-
trict. Specifically, this means that the objectives were:

* to determine the dominant direction of change

« to describe the spatial characteristics of changes

* to categorise the changes in types

« to evaluate the significance of changes

Conclusions related to changes in Green Space
Intensity:

+ The change in green space intensity indicates a mod-
erate decrease for the district as a whole. In some
places, however, it shows a significant decrease
mainly due to construction projects, which are more
rarely counterbalanced by smaller green space devel-
opments and more often by spontaneous weed and
scrub encroachment on abandoned areas.

« Patches of green space intensity change cover slightly
more than a quarter of the district. The number of
green space intensity loss patches among all change
patches was higher in the years 2015-2020 than in
the period 1992-2020. In the period 1992 to 2023, the

overall area of decrease patches was one and a half
times larger than the area of increase patches.

The change types show that changes are largely
driven by residential and infrastructure (mainly road
network) development. Irrigation and maintenance
play an important role, resulting in higher coverage
and vitality. Greenfield investments carry a signifi-
cant risk of reducing green space intensity, as has
been the case in many sub-districts. Today, even aban-
doned brownfield sites have spontaneous green cover,
so achieving higher green space intensity through
development is not easy, even in brownfield sites.
Changes in green space intensity are of particu-

lar importance in Ujbuda because they indicate

a continuous and large-scale transformation of

the municipal green space, which has the poten-
tial to avoid hazards, but also to aggravate them.
Examples of the former could be species selection

to adapt to climate change, and the latter could

be the neglect of minimum green space require-
ments. The actual negative trends of GSI change

in the district currently seem to indicate the lat-

ter course. The work of landscape and garden engi-
neers has a key role in climate change mitigation,
water retention and biodiversity conservation. ©

[@10Sle)
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« A zoldfelilet-intenzitas valtozas-foltok a kertilet
kicsivel tébb mint negyedére kiterjedtek. A zoldfe-
lillet-intenzitas csokkenés-foltok szdma magasabb
volt a 2015 és 2020 kozotti években, mint az 1992-
2020 kozotti idészakban, ami részben a frissebb ada-
tok nagyobb részletgazdagsagat is tiikrozi, részben a
kozelmult szétszoérddottabb valtozasaira is felhivija a
figyelmet. Az 1992-t6l 2023-ig tartd idészakban a ZFI
csokkenés-foltok teriilete kozel masfélszer nagyobb
volt, mint a névekedés-foltok teriilete.

A valtozasok tipusai azt mutatjak, hogy a valtoza-
sokat nagymértékben meghatarozzak a lakéteriileti
fejlesztések, az infrastrukturalis (f6ként Gthalézati)
fejlesztések. Komoly szerepe van az ontozésnek és a
fenntartasnak, ami magasabb boritottsagot és vitali-
tast eredményez. A zoldmez6s beruhazasok esetében
jelent6s a kockazata a zoldfeliilet-intenzitas csokke-
nésének, ahogy ez szamos keriiletrészben beigazolo-
dott. Ma mar a felhagyott barnamezékon is sokszor
spontan megjelend zoldfeliiletboritas talalhatd, tehat
fejlesztéssel torténd magasabb zoldfeliilet-intenzitas
értékeket még barnamezo6k esetében sem egyszert
elérni.

Ujbudén a zoldfeliilet-intenzitas tapasztalt valtoza-
sainak nagy jelentdséget kell tulajdonitanunk, mert
jelzik a telepiilési zoldfeliilet folyamatos és nagyara-
nyu atalakulasat, amely magaban rejti a veszélyhe-
zetek elkeriilésének lehetdségét, de a sulyosbitasa-
nak esélyét is. El6bbire példa lehet a klimavaltozas-
hoz alkalmazkodé fajvalasztas, utébbira a zoldfeliileti
minimum-el6irdsok negligalasa. A jelenlegi csokkend
tendenciat mutato ZFI valtozasi folymatok inkabb az
utébbit latszanak jelezni. Mind az éghajlati viszonyok,
mind a vizmegtartas, mind a biodiverzitas megérzése
szempontjabol kulcsszerepe lehet a tajrendez6- és ker-
tépité mérnokok munkajanak. ©
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Nyugat-eur6pai meguijitasi projektek dsszehasonlitasa

EVOLUTION OF GREEN
INFRASTRUCTURE
FROM AN URBAN METABOLIC

PERSPECTIVE

A comparative study within Western Europe

TUFFAHA, ANAS | SALLAY AGNES

ABSZTRAKT
A tanulmény a zold infrastruktira adaptiv Gjrahasznosi-
tasanak fejl6dését vizsgalja varosi metabolikus szemlélet-
modbol, nyomon kovetve a zold infrastruktira transzfor-
mativ gyakorlatait a kdzelmult jelentés adaptiv tjrahasz-
nositasi projektjeiben. A 20. szdzad végétdl napjainkig
terjedd projektek sordnak elemzésével a kutatas feltarja
a zold infrastruktura elemek - mint példaul a bidta, az
energia- és a vizdramlasok - integraciojaban bekovetkezo
valtozasokat. Ramutat a korai fenntarthat6 gyakorlatoktol
a korforgasos gazdasagi modellek felé torténd elmozdu-
lasra, amelyek a varosi metabolizmus keretrendszeréhez
kotédnek, ahogyan azt a kozelmultbeli projektek, példaul
a De Ceuvel és a Schoonschip is példazzak. A projektek
elemzésével a tanulmany értékeli ezeknek az elemeknek
a varosi metabolikus dramlasokra gyakorolt szamszers-
sithet® hatésat, olyan indikatorok bemutatdsaval, mint

a biodiverzitas, az energia- és vizhatékonysag. Az ered-
mények kiemelik az adaptiv Gjrahasznositas &ltalanos
fenntarthatésagi céloktoél a komplex varosi metabolikus
stratégiak felé torténd felgyorsult elmozduldsat, hangsu-
lyozva a korforgasossag, az eréforras-hatékonysag és a
kozosségi részvétel szerepét a kozelmult projektjeiben.
Ez a fejlédés a varosi reziliencia kifinomultabb megkdze-
litését jelzi, bemutatva, hogy a robusztus varosi metabo-
lizmus modellek milyen mértékben novelhetik az adaptiv
Gjrahasznositas-projektek alkalmazkoddképességét és
Okologiai értékét.

Kulesszavak: zold infrastruktiira, vdrosi metabolizmus,
adaptiv djrahasznositds, korforgdsos gazdasdg,
fenntarthatd vdrosfejlesztés, 6sszehasonlité elemzés ©
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Figure 1: Adaptive reuse timeline and its relationship with urban

metabolism (Appendix A) as a trend
SOURCE: AUTHOR

ABSTRACT
Exploring the Evolution of Green Infrastructure from
an Urban Metabolic Perspective: Af Comparative Study
within Western Europe. With the Gasometer in Vienna
and De Ceuvel in Amsterdam as case studies, this
research investigates the transformative potential of
green infrastructure in adaptive reuse urban projects
separated by 15 to 20 years. Employing a flow analysis
methodology, this study examines the utilization and
impact of green infrastructure elements, such as green
roofs, farming, aquaponics, and phytoremediation tech-
niques, on urban metabolic flows. The findings reveal
a significant evolution in sustainable practices, charac-
terized by a shift towards utilizing existing resources
to enhance soil quality and minimize waste generation.
Through strategic integration of green infrastructure,
these projects demonstrate a holistic approach to urban
development, emphasizing circularity and resource effi-
ciency. The comparative analysis underscores the impor-
tance of learning from past endeavors to inform future
sustainable urban initiatives, highlighting the role of
green infrastructure in fostering resilient and regenera-
tive urban ecosystems.

Keywords: green infrastructure, urban metabolism,
adaptive reuse, circular economy, sustainable urban
development, Comparative analysis.

INTRODUCTION
Urbanization has led to the emergence of cities as com-
plex systems with dynamic processes governing their
functioning. One key concept that has gained prominence
in understanding these processes is that of urban metab-
olism. Urban metabolism refers to the [1] continuous
flow of resources, energy, and waste within urban areas,
encompassing various activities such as transportation,
consumption, and production. Just as metabolism is vital
for the sustenance of living organisms, understanding
urban metabolism is crucial for comprehending the func-
tioning and sustainability of cities.

At the heart of urban metabolism lies the intricate
relationship between the built environment and natural
ecosystems. Green infrastructure plays a pivotal role in
this relationship, serving as a multifunctional network of
natural and semi-natural areas that provides ecosystem
services essential for urban well-being [2]. Green infra-
structure encompasses a range of elements, including
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parks, wetlands, green roofs, and urban forests, which
contribute to enhancing air quality, mitigating urban heat
island effects, managing stormwater, and promoting bio-
diversity. These green spaces not only enhance the aes-
thetic appeal of cities but also play a crucial role in regu-
lating metabolic flows and fostering resilience to environ-
mental challenges.

This study embarks on a comprehensive investigation
into the evolution of green infrastructure within the con-
text of urban metabolic dynamics, with a specific focus on
adaptive reuse projects in Western Europe. By juxtaposing
the Gasometer in Vienna and De Ceuvel in Amsterdam as
case studies, separated by a significant temporal gap, the
main hypothesis being that a Comparative analysis the
projects reveals an evolution in green infrastructure strat-
egies, characterized by a shift towards greater integration
of existing resources, circularity, and resilience in urban
development practices that can be seen in the green
infrastructure and its development. By keeping in mind,
the similar region (west Europe), similar intent (following
urban metabolic concepts) and finally compatible func-
tions (residential and some office areas).

2. LITERATURE REVIEW
The intersection between urban metabolism and green
infrastructure offers valuable insights into the functioning
and sustainability of cities.
Urban metabolism, as expounded by Kennedy et al.
(2007), encompasses the dynamic flow of resources,
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energy, and waste within urban environments [1]. This
evolving concept underscores the necessity of compre-
hensively understanding urban systems to address con-
temporary challenges. Green infrastructure, as defined
by Benedict and McMahon (2006), constitutes a network
of natural and semi-natural spaces crucial for support-
ing urban well-being and ecosystem services [2]. This
includes parks, green roofs, urban forests, and wetlands,
essential for managing stormwater, improving air quality,
and fostering biodiversity.

The synergy between urban metabolism and green
infrastructure is evident in studies such as those by
Andersson and Barthel (2016), which underscore the role
of green spaces in enhancing sustainable urban metab-
olism and resilience [3] where green infrastructure acts
as a buffer against urban pressures, regulating metabolic
flows and mitigating environmental impacts. In their
intersecting uses, both urban metabolism and green infra-
structure have common interests which could be analyzed
and reached out through different urban development
concepts.

3. METHODS OF STUDY AND

ANALYSIS IN LITERATURE
One key theoretical framework used in studying urban
metabolism is the Industrial Ecology approach. This
approach treats cities as ecosystems and applies princi-
ples of ecology to understand the flow of materials and
energy within urban systems [4]. By viewing cities as

4D 74, 24—31. (2024)

27

<<Figure 2: The Geometer's overall design and distribution from an

interior point of view

SOURCE: WIKIMEDIA COMMONS. GASOMETER INTERIOR. LICENSE: CREATIVE COMMONS

ATTRIBUTION-SHAREALIKE 3.0

<<Figure 3: Gasometer's system and flows network

SOURCE: AUTHOR

Figure 4: Showcasing the original concept of moving unused boats as

residences and workshops by space and matter

SOURCE: SUPERBASS. (2019). DE CEUVEL [PHOTOGRAPH]. CC BY-SA 4.0. RETRIEVED FROM
HTTPS://COMMONS.WIKIMEDIA.ORG/WIKI/FILE:2019-06-09-DE_CEUVEL-5737.JPG

Figure 5: Close up image of De Ceuvel

SOURCE: SPACE & MATTER, SUPERBASS. (2019). DE CEUVEL [PHOTOGRAPH].
CC-BY-SA-4.0. RETRIEVED FROM HTTPS://COMMONS.WIKIMEDIA.ORG/WIKI/

FILE:2019-06-09-DE_CEUVEL-1.JPG

metabolic systems, researchers can analyze the inputs,
outputs, and transformations of resources, facilitating a
holistic understanding of urban dynamics.

Systems theory is another valuable concept utilized in
studying urban metabolism. Systems theory emphasizes
the interconnectedness and feedback loops within com-
plex systems, such as cities [5]. Applying systems thinking
to urban metabolism allows researchers to explore the
relationships between different components of the urban
system and their influence on metabolic processes.

In the realm of green infrastructure, the ecosystem
services framework provides a comprehensive approach
to understanding the benefits provided by natural and
semi-natural spaces [6]. This framework categorizes eco-
system services into provisioning, regulating, supporting,
and cultural services, highlighting the multifunctional
role of green infrastructure in urban environments.

Methodologies for studying urban metabolism and
green infrastructure range from quantitative analysis of
material and energy flows to qualitative assessments of
ecosystem services and social values. Material flow anal-
ysis (MFA) and energy flow analysis (EFA) are commonly
used quantitative methods for assessing the metabolism
of cities [1]. These methods involve tracking the flow of
resources and energy through urban systems to quantify
inputs, outputs, and stocks. Qualitative methods, such as
participatory mapping and social surveys, are employed
to assess the socio-cultural dimensions of green infra-
structure [7]. These methods involve engaging with local

communities to understand their perceptions, preferences,
and use of green spaces, providing valuable insights for
planning. Integrating these theories and methodologies
enhances the sophistication of research on urban metab-
olism and green infrastructure by combining interdiscipli-
nary approaches to develop an understanding of the com-
plex interactions shaping urban sustainability [8].

4. CHOSEN METHOD
In comparing the De Ceuvel and Gasometer projects,
a comprehensive methodological approach will be
employed to gather and analyze data from various
sources, including architectural records, publications,
studies, and user feedback. This data will be meticulously
organized and synthesized using a flow analysis method
to assess the efficiency and effectiveness of green infra-
structure interventions within each project. By quantify-
ing the inputs, outputs, and transformations of resources,
focusing on the generation and mitigation of waste,
this approach aims to illuminate the dynamic interplay
between urban development and environmental sustain-
ability, this informs us of the life cycle of each project in
one graph, which helps understand how green infrastruc-
ture stands out, and how much waste is generated or mit-
igated.

This methodological framework aligns with the princi-
ples of Industrial Ecology, which views cities as intercon-
nected ecosystems and emphasizes the analysis of mate-
rial and energy flows within urban systems. By adopting
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a material flow analysis (MFA) perspective, the study will
track the flow of resources through the De Ceuvel and
Gasometer, providing insights into their metabolic pro-
cesses and environmental impact. Through this lens, the
study seeks to elucidate how GI contributes to the opti-
mization of resource utilization and waste management
practices, thereby advancing our understanding of sus-
tainable urban development strategies.

4. ANALYSIS:

Project 1: De Ceuvel

Introduction
De Ceuvel, situated in Amsterdam, emerged from a pol-
luted plot transformed into an urban oasis through com-
munity-driven development. Spearheaded by a diverse
group of architects, sustainability experts, and community
members in 2012 hosting around 50 residents, De Ceuvel'’s
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regenerative concept aimed to repurpose the former ship-
yard into an Eco hub for creative and social enterprises.
The project’s innovative approach prioritized mobility,
reuse, and the transformation of wasteland and waste
materials into valuable resources. Uniquely designed
houseboats, retrofitted and placed on land without foun-
dations, form the centerpiece of the site, surrounded by

a landscape of soil-cleaning plants and connected via a
wooden walkway [g].

Optimization of Urban Metabolism
A. Synergistic Community engagement: At the heart of the
project lies the profound strength of community engage-
ment, fostering a sense of inclusivity and empowerment
among its residents. Through initiatives such as real-
time data monitoring of energy consumption, individu-
als are equipped with the tools needed to make informed
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Figure 6: Showcasing the phytoremediation technique used in the project,
with plants like Typha Latifolioa, Salix Nigra & Agrostis Capillaries
SOURCE: RONA.FAWZY19. (N.D.). PHYTOEXTRACTION DIAGRAM [DIAGRAM]. CC BY-SA 4.0,
HTTPS://COMMONS WIKIMEDIA.ORG/WIKI/FILE:PHYTOEXTRACTION_DIAGRAM.SVG

Figure 7: De Ceuvel's system and flows network

SOURCE: AUTHOR

decisions about their energy usage. Moreover, communal
facilities such as shared kitchens and gardens, to culti-
vate their own crops, process food, and collectively man-
age laundry facilities.

b. Technology based Optimization: The project leverages
technology to optimize resource management, empow-
ering residents to make informed decisions aligned with
waste reduction. In the beginning, Flow analysis cards
offer insights into resource utilization to understand what
each element like wind turbines or greenhouses could
add to incomes/outcomes, while then a technology selec-
tion tool suggests efficient up to date information about
each element [10]. A sharing system facilitates energy
exchange, reducing reliance on external sources. Finally,
the financial estimation tool projects costs and savings,
aiding environmentally conscious decisions.

C. Adaptive Reuse of industrial area: with adaptive
reuse in an industrial context, revitalizing previously
polluted land and promoting ecological health. Through
creative landscaping, the project enhances air quality and
biodiversity, fostering a thriving urban ecosystem. Key to
its identity are repurposed houseboats, embodying sus-
tainability and waste reduction principles. By salvaging
and refurbishing materials, reducing costs, transportation
emissions, and waste [11].

Integration between Green infrastructure

and Urban metabolism:
1. Utilizing Green Infrastructure for Remediation:
Employing soil-cleaning plants and phytoremediation
techniques to purify polluted soil and enhance ecosys-
tem health, this also includes air purification, stormwater
management, and habitat creation, enhancing the overall
environmental quality and resilience of the site while cre-
ating a barrier from the decontaminated industrial site’s
soil [12]. (Purifying polluted soil using phytoremediation
techniques, stabilizing, breaking down, and absorbing
pollutants while producing low-impact biomass.)

2. Maximizing Resource Efficiency: Implementing

compost toilets, biofilters, and renewable energy technol-
ogies to conserve resources, reduce waste, and mitigate

environmental impact like using the black water to har-
ness phosphate using filtering and a collector to be used
later for the different landscape elements. Looping the
existing elements in a less wasteful approach [11].

3. Circular Economy concepts: The project is Prior-
itizing mobility, reuse, and waste reduction, with a focus
on repurposing materials and transforming wasteland
into valuable resources. In a way turning the surround-
ing port to marches with existing sediment, turning the
existing soil into a thriving landscape, and using existing
resources from arriving imports like food rafts into future
elements in the landscape [10].

4. Water Management as a Green infrastructure
Method: Rainwater harvesting systems collect and store
rainwater for irrigation and non-potable uses, reducing
reliance on freshwater sources and mitigating stormwater
runoff. [12] The Use of Green infrastructure is also done in
a smart way to minimize any flooding and erosion while
enhancing biodiversity and urban aesthetics using storm-
water management techniques.

5. Project Flow Analysis: When looking into the rela-
tion between blue/green infrastructure and the meta-
bolic flow of the space to understand the development of
the urban space [13], the storyline is cut into energy as a
source that can be stored for future use or for a shared
PowerGrid, while green spaces themselves like crops
are used to induce biogas which can be sent to restau-
rants and others for future use. Meanwhile water plays an
important role, with rainwater being collected and used in
basins and flushing toilets while then filtered for irriga-
tion or black water sent for refineries to investigate pro-
duction of phosphate mineral or resent to the solar power
reserves which will heat them automatically, Finally the
green spaces are used as a phytoremediation method to
remediate contaminated soil.

Project 2: Gasometer

Introduction
Gasometer City in Vienna stands as a testament to
transformative urban renewal and sustainable develop-
ment. Originally built as gas storage facilities in the late
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19™ century, the Gasometers faced abandonment before
undergoing a remarkable revitalization effort in the 20th
century. Through adaptive reuse, it emerged as a vibrant
mixed-use development, blending heritage preservation
with contemporary functionality [14]. This innovative pro-
ject has not only revitalized historic structures but also
reduced environmental impact within the urban land-
scape.

Optimization of Urban Metabolism
Water Management: The adaptation involved innovative
water management strategies such as rainwater harvest-
ing and sustainable drainage systems (SuDS) [8]. These
systems help mitigate urban flooding, enhance groundwa-
ter recharge, and overall water efficiency.

Energy and Waste: The redevelopment emphasizes
energy efficiency through the integration of renewable
energy sources, energy-efficient building designs, and
waste-to-energy technologies. With the adaptive reuse of
the existing industrial space to save building and con-
struction materials and opening the atrium for daylight
and reducing the need for electricity daily.

Integration between Green infrastructure

and Urban metabolism:
1. Biodiversity and Biota emphasis: Gasometer City
incorporates green roofs, vertical gardens, and land-
scaped courtyards, providing habitats for various plant
and animal species in a linear open space that can resem-
ble an ecological corridor. (In-between Nature: Berlin's
human and natural constructed spaces, Elena Ferrari) like
bird and bat houses. This enhances biodiversity, promotes
ecological connectivity, and fosters a healthier urban
eco-system.

2. Community Gardens: To promote sustainable food
production and community engagement, including com-
munity gardens and urban farming initiatives within its
green spaces. These empower residents to cultivate their
own produce, foster a sense of ownership and steward-
ship.

3. Green Roofs: The rooftops feature greenery instal-
lations, transforming previously underutilized spaces into
ecosystems. Green roofs not only provide insulation and
reduce energy consumption but also support biodiversity,
mitigate urban heat island effects, and enhance stormwa-
ter management by absorbing rainwater. [14] With each
roof being slightly more unique, gasometer C for example

has an inner courtyard, planned with top lighting and
gaps allowing green areas to be surrounded by green
roofs and residential areas with green terraces.

4. Landscaped Courtyards: Within the units, court-
yards provide residents with tranquil retreats and commu-
nal gathering spaces amidst the urban environment, this
can be evidently seen in all gasometers A, B, C and espe-
cially in D, The new structure achieves natural lighting
through the organization of units on the upper floors, the
central focus of three intersecting axes, and the creation
of inner courtyards that face the outer shell, maximizing
surface area. Additionally, the courtyard is considered as
green space, serving recreational purposes and aiming to
visually convey the outer shell (16). The creation of green
areas signifies an attempt to implement a “Green House”.

5. Project Flow Analysis: in the beginning, the Energy
used within the project is connected with the municipal-
ity grid, as outcomes are reduced with the open atrium
to save electricity, while there are rainwater collection
systems in addition to a green roof absorbing water, later,
which is used for green area irrigation, the space has a
open corridor for the existing ecosystem along with small
local spaces for local species.

Apartments are either supplied by a large courtyard
on the sides, or central large gardens with communal gar-
dens and small green terraces.

5. RESULTS AND IMPLICATIONS

1. De Ceuvel prioritizes community-driven development,
actively involving residents and stakeholders in deci-
sion-making processes, fostering a strong sense of own-
ership and stewardship. Gasometer City, while featuring
communal spaces, places less emphasis on direct commu-
nity engagement during planning and execution, with that
the ability for down to top involvement in design allowed
the community to also later feel more responsible towards
their environment, allowing continues efforts in different
initiatives. This aligns with the responsibilities of users
to develop their green infrastructure, Moreover, engage-
ment with nature can also inspire a sense of stewardship
and responsibility towards environmental conservation
and sustainability. People who feel connected to a natural
resource like the river Thames are more likely to advocate
for its protection and preservation, leading to positive out-
comes for both the environment and the community [17].

2. With both projects similar reuse of an industrial
site, De Ceuvel implements green infrastructure solutions,

including phytoremediation techniques, to remediate
polluted industrial areas and enhance environmental
quality. Gasometer City, although repurposing indus-

trial structures, may prioritize transforming these spaces
into mixed-use developments over implementing specific
green infrastructure solutions for industrial remediation,
while creating a small green corridor, the implementation
of green infrastructure as a mediator for existing indus-
trial sites showcases the ability of integration and syner-
gistic planning using GI.

3. The newer technology allows a more active flow
analysis and sensor technologies, as a solution for urban
metabolism like advanced waste management systems,
optimizing resource usage found actively in De Ceuvel.
Gasometer City integrates technology to a lesser extent,
with a focus more on adaptive reuse and repurposing
existing structures.

Considering De Ceuvel's newer technology, smaller
scale, and more modern approach 20 years later, it
appears to have a more advantageous position concerning
green infrastructure. Its emphasis on community engage-
ment, advanced technology integration, and innovative
use of existing sites and shared technologies contribute
to a more comprehensive and efficient utilization of green
infrastructure. This aligns well with the evolving trends
and development of adaptive reuse structures, which tend
to have a better circularity rate, and resilience in urban
development practices within the context of urban meta-
bolic dynamic. ©
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ABSZTRAKT
A vérosi zoldfeliiletek rendszerében kulcsszerepet tol-
tenek be a koztertileten all6 fak, amelyeknek egyre
nagyobb kihivasokkal kell szembenézniiik az urbaniza-
cid, a klimavaltozas és az emberi beavatkozasok hatasai
miatt. A zoldteriiletek jelentésen javitjak a mikroklimat,
tdmogatjak a bioldgiai sokféleség megorzését, és eszté-
tikai értékiik is jelentds, ezért védelmiik és fejlesztésiik
kiemelten fontos. Kutatdsunk a budapesti szabadterek
lombkorona-fedettségét értékeli a telepitési stirtiség fligg-
vényében, kiilonos figyelemmel a terek és utcak fas szara
novényeinek telepitési tavolsadgara és az ebb6l adodo bori-
tottsagi értékek osszehasonlitdsara. Vizsgalataink soran
figyelembe vettiik a telepitéskori, jelenkori és a teljesen
kifejlett lombkorona aranyadnak mennyiségi és minségi
valtozasait, hogy az egyes fafajok igényeit és sajatossagait
(koronaforma, novekedési erély) figyelembe véve idea-
lis telepitési ajanlasokat fogalmazhassunk meg. Masodik
esettanulmanyunk soran a Szent Gellért tér fadllomanyat
vizsgaltuk. Az értékelés soran megallapitottuk, hogy a
linedris facsoportok egyedei - taxontdl fiiggetlentil - habi-
tusuk, lombkoronaformajuk és telepitési stirtiségiik alap-
jan kozel idedlis feltételek mellett fejlédnek, és varhatoan

a jovében is jol fejlédhetnek. Ezzel szemben a zoldkazet-
tdkban 4ll6 fak kozil elsdsorban a facsoport kiils6 egyedei
bizonyulnak hosszu tavon is értékesnek az 6kosziszté-
ma-szolgaltatdsok szempontjabdl. A jelenlegi nyilt lomb-
feltiletek aranya g7%, amely a vizsgalt szabadterek kozott
a legjobb értékek kozé tartozik, azonban a fak kifejlett
koraban a zoldkazettdban ez az arany 52%-ra, mig a line-
drisan iiltetett facsoportok esetében 71%-ra esik vissza,
ezért kijelenthet6, hogy a zoldkazettdkban 4ll6 taxonok a
rossz telepitési stirliség kovetkeztében jelentésen aka-
dalyozni fogjak egymas fejlédését, és kedvez6 hatasaikat
sem képesek teljes mértékben kifejteni majd a jovében.

Kulesszavak: varosfasitds, fasorok, lombkorona-boritottsdg,
telepitési stirtiség ©
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Table 1: Case study sites
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Kozteriilet neve / Elhelyezkedés / Kiterjedés /  Zéldfeliilet-boritottsdg/ Fak szama /
Name of the public area Location Size Green space coverage Number of trees
Méricz Zsigmond kortér/ Méricz Zsigmond Square XI. kertilet / 11" district 11.200m? 1380m? 76db

Szent Gellért tér / St. Gellért Square X kertilet / 11" district 5300m? 1760m? 32db

Széll Kalman tér / Széll Kdlmdn Square 11, XIL keriilet / 2nd, 12" district 21.000m? 3450m? 112db

Olimpiai park / Olimpia park V. kertilet / 5™ district 8100m? 6425m? kb db
Podmaniczky Frigyes tér / Podmaniczky Frigyes Square V. kertilet / 5 district 4700m? 750m? 60db

Févam tér / Févam Square IX. kertlet / 9" district 5300m? 740m? 38db

ABSTRACT
Trees in public places have a key role in the urban green
space system and are facing increasing challenges due
to urbanisation, climate change and human interven-
tions. Green spaces significantly improve the microcli-
mate, support biodiversity conservation and have signif-
icant aesthetic value, which makes their protection and
enhancement a priority. Our study assesses the canopy
cover of open spaces in Budapest as a function of plant-
ing density, with a special focus on the planting distance
of woody plants in open spaces and streets, to compare
the resulting cover values. Our studies have taken into
account quantitative and qualitative variations in the pro-
portion of canopy at the time of planting, at the present
time and at full maturity, in order to formulate ideal plant-
ing recommendations taking into account the needs and
characteristics (crown shape, growth vigour) of each tree
species. Our second case study focused on the tree popu-
lation of St Gellért Square. The assessment showed that
the specimens of linear tree groups, regardless of taxon,
are growing under near ideal conditions in terms of habit,
canopy shape and planting density, and are expected to
continue to grow well in the future. In contrast, the trees

in green cassettes are mainly the outer ones of the tree
group, which are of long-term value for ecosystem ser-
vices. The current open canopy cover of 97% is among the
highest of the open spaces studied, but this falls to 52%

in the green cassette and 71% in the linear planted tree
groups when the trees reach maturity, suggesting that
the green cassette species will significantly impede each
other’s development due to poor planting density and will
not be able to fully develop their beneficial effects in the
future.

Keywords: urban forestry, allées, tree canopy cover,
planting density

1.INTRODUCTION
The role of urban trees has been increasing in the context
of urbanisation and climate change, as they contribute to
heat island effect reduction, microclimate regulation and
air filtration, while their root systems improve soil struc-
ture, reduce erosion [1-3] and increase social interaction
[4-7], while they have recreational and cultural [7-g] value.
At the same time, trees in urban environments have dif-
ficulty in adapting to increased human activity and the
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3 <<Fig. 1: Habits of the dominant taxa of St. Gellért Square at planting,
present day and maturity: 1) Quercus robur ‘Fastigiata’, 2) Malus tchonoskii
‘Belmonte’, 3) Corylus colurna, 4) Tilia platyphyllos

<<Fig. 2: Canopy cover changes in St Gellért Square at the time of reno-
vation (1%), currently (17%) and when the trees reached maturity (23%)
Table 2: Assessment of the woody taxa of St. Gellért Square according to
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consequences of global climate change [10]. The qual-
ity and quantity of green spaces are degraded by urban
development, including the growth of covered surfaces
and vehicular traffic [2,3,11]. In addition, the life span of
urban trees is significantly shorter than in natural envi-
ronments, making the preservation and enhancement of
green spaces a priority for the future [12-16].

The ecosystem services provided by urban trees can
be divided into four main categories: provisioning, regu-
lating, supporting and cultural services [17]. International
studies have investigated different aspects of ecosystem
services, including the energy-saving potential of urban
trees and the use of allometric equations to estimate can-
opy size [18-22].

Our research aims to explore the problems of urban
tree planting and to determine the ideal planting dis-
tances for different taxa in order to maximise the climatic,
ecological and aesthetic benefits of the canopy.

2.METHODS
Our studies were conducted at individual level in the
major open spaces of Budapest and their directly con-
nected tree-lined areas (Table 1).

We assessed the woody taxa in the open spaces at
three different times: when the square was renovated,
in its current state, and when the taxa had reached their
adult size.

For the 2011 data on “growth vigour” [24] by Gabor
Schmidt, several values were identified that needed fur-
ther clarification, so a growth factor was calculated from
the variable tree dimensions (crown diameter/canopy
volume) and age, and the taxa were redefined according
to their growth vigour. To define mature canopy cover, we
introduced a “growth Factor” based on the taxa’s develop-
ment to date, which can be slow (0-0.2), average (0.3-0.5)
and fast (0.6>) [23,25].

current size of the canopy
canopy size at planting

Growth factor =
age of the tree

Based on the calculations, we have identified free (green
in the figures), partially overlapping (yellow) and signifi-
cantly overlapping (red) crown categories for the individu-
als studied. In terms of overlapping, an important differ-
ence was that we recorded the overlapping of the crowns

their growth vigour

_t _t Taxonok / Taxa Telepités Lombkorona Schmidt-féle Schmidt-féle Atlagos Ndvekedési erély
. éve / Year atmérs* koronaforma/ novekedési novekedési a Szent Gellért
of planting  2023-ban Cronw shape erély / Growth tényezd / téren / Growth
(m) / Crown according to potential Average vigour on the St.
diameter* in Schmidt [24] according to growth Gellért Square
2023 (m) Schmidt [24] factor
Acer negundo 1980 14,8 Tojés / Oval Gyors / Fast 04 Atlagos / Average
Chamaecyparis lawsoniana cv. 2003 3,2 Kap / Conical Atlagos / Average 0,3 Atlagos / Average
Corylus colurna 2003 94 Tojés / Oval Atlagos / Average 0,3 Atlagos / Average
® Fraxinus ornus 2003 73 Tojas / Oval Lasst / Slow 04 Atlagos / Average
Malus tchonoskii ‘Belmonte’ 2003 5,3 Tojés / Oval Atlagos / Average 03 Atlagos / Average
Prunus = eminens ‘Umbraculifera’ 2023 1,2 Gomb / Round Atlagos / Average 0,2 Lassti/ Slow
Quercus robur ‘Fastigiata’ 2003 48 Oszlop / Columnar Atlagos / Average 0,3 Atlagos / Average
Tilia platyphyllos 2003 5 Tojés / Oval Atlagos / Average 0,2 Lassti / Slow

* a vizsgalt egyedek aktudlis koronadtmérd adatok atlaga alapjén / * based on the average of the actual crown diameter data of the studied specimens

of two different specimens as partially overlapping (yel-
low), while more than two specimens were defined as
significantly overlapping (red). The asymmetry and crown
distortions caused by buildings were also represented
with red. All these indicate which individuals have a less
than ideal distance from the planting site or buildings
which leads to an underdeveloped character and limited
growth over time [23].

The second site of our research is St. Gellért Square,
which, like Mdricz Zsigmond Square, is located in the
11th district of Budapest. The square has been landscaped
since 1952 and was last renovated in 2003. From an urban
and environmental point of view, it is a very varied square,
as the Danube and the Gellért Hill determine the microcli-
matic conditions to a large extent, while the metro line 4
and the surface tram and bus transport put a heavy strain
on the green spaces [26,27].

3. RESULTS
A total of 28 woody specimens belonging to 8 differ-
ent taxa were found in St Gellért Square. Pyramid oaks
(Quercus robur ‘Fastigiata’) are dominant, with 10 spec-
imens. The habit of the trees identifies three types of

crowns: columnar, globular and flattened conical (Fig. 1).
All 28 trees are located in green areas. The exact date

of the planting of the old green maple (Acer negundo) is
unknown, but it is assumed that it was planted in the
1980s at the north-east corner of the Gellért Hotel. In
2024, two American tulip trees (Liriodendron tulipifera)
were planted in the green box next to the metro station,
but they died due to the dry summer. The trees in the
green cassette next to the metro are 3 to 5 metres apart,
while the trees in the arched planting in front of the
Gellért Hotel are 5 to 6 metres apart. Their distance from
the buildings is 7-8 metres, which does not hinder their
growth [23].

3.1. Canopy cover assessment
In order to define the canopy cover in the future, the
growth vigour of taxa was investigated. The revised
growth factor showed that most taxa in St Gellért Square
grow more slowly than the values of Schmidt. The large-
leaved linden (Tilia platyphyllos) and the dwarf sour cherry
(Prunus x eminens ‘Umbraculifera’), considered to be of
‘average’ growth, show ‘slow’ growth in this environment,
while the green maple (Acer negundo), classified as ‘fast’,
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and the flowering ash (Fraxinus ornus), considered to be
‘slow’, both show ‘average’ growth rates. The growth rates
of Tschonoskii apple (Malus tchonoskii ‘Belmonte’), Turkish
hazel (Corylus colurna), pyramid oak (Quercus robur ‘Fastig-
iata’) and Oregon false cypress (Chamaecyparis lawsoniana
cv.) are in line with those of Schmidt (Table 2).

Since the renovation in 2003, the pyramidal oaks
(Quercus robur ‘Fastigiata’) in green cassettes have
become the dominant feature on the eastern side of the
square. However, we observed significant differences in
size between the specimens: the canopies of the trees
at the edge of the group is much more developed than
those of their counterparts in the interior, which have less
space and are in a shadier environment. Differences in
height of up to 2-2.5m were observed, while differences
in crown width of up to 3m were noted. The growth and
vigour of linden trees in green cassettes is significantly
below that of the other species. Their crowns are dry and
their vigour is below that of an average 20-year-old large-
leaved linden. In contrast, no significant differences were
observed in the specimens of Tchonoskii apples (Malus
tchonoskii ‘Belmonte’) and Turkish hazel (Corylus colurna)
in front of the hotel.

Free canopy

Partially overlapping canopy

. Significantly overlapping canopy
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When canopy cover was examined, it was found that
the Turkish hazel, which currently provides high shade,
would be the taxon with the largest canopy cover. The
current canopy cover of the 5300 m? square is go3m?,
while it is assumed that the canopy cover will be more
than 1200m? when the trees are mature, resulting in an
overall canopy cover of 23% (Figure 2) [23].

3.2. DETAILED ANALYSIS

OF TREE GROUPS
In the detailed analysis, three groups of trees with differ-
ent compositional roles and different taxa were examined.

3.2.1 Study of tree specimens

in the green cassette
A total of 13 specimens of two taxa are found in the 376 m?
central green box on the eastern side of the square. Of
the trees found here, seven of the columnar oaks are
larger (4.5m>) and three are smaller (<3.5m), while three
of the large-leaved lime trees are nearly the same size
(5m) (Fig.3).

Although 13 trees may seem like a lot in the green

space, the oaks have a high proportion of open canopy

Qrf1 aktudlis / current
QrFl kifejlett / mature
QrF2 aktudlis / current
QrF2 kifejlett / mature
QrF3 aktualis / current
Qrf3 kifejlett / mature |

QrF4 aktudlis / current
QrF4 kifejlett / mature
QrFS aktudlis / current
QrfS kifejlett / mature
QrF6 aktudlis / current
Qrfé kifejlett / mature

Qrf7 aktuilis / current |

Qrf7 kifejlett / mature
QrF8 aktudlis / current
Qrf8 kifejlett / mature
QrF9 aktudlis / current
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Fig. 3.a-b: Canopy assessment of a tree group in the green cassette in
its current and predicted mature state
Fig. 4: Canopy assessment of a group of trees in the green cassette in the
current and mature state
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even when planted close together. Currently, five out of
ten have partial overlap, averaging only 0.8 m? A simi-
lar result is observed for linden trees, where the average
overlap is 1.2m? The overall results show that g6% of the
canopy of the tree groups is growing free, while the par-
tially overlapping area is 4%, and no significant overlap
was observed in any of the crowns (Figure 4).

If all specimens reach their assumed adult size in the
future, the expected results are less favourable. The per-
centage of useful canopy area will drop from g6% to only
32%, while the percentage of partially overlapping crowns
will increase to 41% on average. The largest change is in
the proportion of significantly overlapping crowns, where
almost one third (28%) of the total crowns will be in this
category. The most noticeable change in canopy cover will
be observed in the oaks near the lime trees. These oaks
have an average free canopy area of 4.5 m?. Even worse
ratios are obtained for the inner specimens of the oak
group, where more than half of the canopy will be sig-
nificantly overlapping. The columnar habit improves the
proportions slightly, but it can be concluded that only the
upper quarter of the canopy area will be aesthetically and
ecologically valuable.

Free canopy
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Significantly overlapping
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The oaks in the northern part of the green cassette
have a large amount of open canopy even at maturity, so
their beneficial effects will be significant. In contrast, the
proportion of partially overlapping canopies is on average
50% for linden trees [23].

3.2.2. The group of trees in front
of the Gellért Hotel

The detailed study of the northern section of the hotel
found two Turkish hazel (Corylus colurna), two Tschonoski
apple (Malus tschonoskii ‘Belmonte’) and an old green
maple (Acer negundo). The specimens were planted at
a spacing of 6-gm, which is ideal for both current and
mature size. The largest tree in the group is a green maple
with a crown 14.8 metres in diameter. Among the younger
trees, the apple and hazel trees are also growing ideally,
with crowns that are typical of the taxon and are ecologi-
cally and aesthetically outstanding (Figure 5).

The planted taxa have and will have significant use-
ful canopy area. The apple trees, which have an upward
branching system, show a slight overlap with the broader
habit hazel and maple trees around them. Due to the
linear planting, no significant overlapping crowns have

4D 74, 32-41. (2024)
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Fig. 5.a-b: Canopy assessment of the group of trees in front of the Gel-
lért Hotel in their current and predicted mature state
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developed in either the current or mature state. Cur-
rently, the proportion of open, free canopy cover aver-
ages 94% for the five individuals. Today, only one of the
ornamental apples is overlain by part of the foliage of
the nearby hazel. As the specimens in the urban environ-
ment are almost mature, the proportions will not change
significantly in the future. The open foliage is expected
to decrease by only 5%, while the percentage of partially
overlapping surfaces will average around 11% (Figure 6).

3.2.3 Assessment of the St Gellért

embankment facies specimens
The longitudinal part of the St. Gellért embankment is tax-
onomically diverse. Flowering ash (Fraxinus ornus), field
maple (Acer campestre), common ash (Fraxinus excelsior),
hybrid cockspur thorn (Crataegus x lavallei ‘Carrierei’),
American hackberry (Celtis occidentalis), Russian olive
(Elaeagnus angustifolia) and Siberian elm (Ulmus pumila
‘Puszta’) were planted.

We have analysed specimens from the embankment
section directly adjacent to St Gellért Square, where
seven elms (Ulmus pumila ‘Puszta’) and one flowering ash
(Fraxinus ornus) are found. Specimens were generally

Free canopy

Partially overlapping canopy

Significantly overlapping canopy

utey

planted at a distance of 6-7m, but in case of vacant tree
sites or disturbing infrastructure, this distance can exceed
1om. An examination of their current condition shows
that although they are not ideal from an aesthetic and
health point of view, their existing canopy is fully benefi-
cial in ecological terms, with all eight specimens having
100% free canopy cover. The elms grow a broad crown, so
significant crown overlap can be expected when mature.
The current 100% open canopy cover will decrease to
44%, while the proportion of partially overlapping crowns
will increase to 56% on average. As the Siberian elm has a
nearly horizontal branch system, the overlapping crowns
do not significantly interfere with each other. The free
canopy area percentage of flowering ash falls back to less
than one third at maturity, and it is not able to compen-
sate for these parts in terms of habit (Figure 7) [23].

4. DISCUSSION
The assessment of the woody vegetation of St Gellért
Square and St Gellért Embankment showed relatively pos-
itive results, especially in terms of canopy cover. When
looking at the canopy cover, it is important to note that
the heavy rail and vehicle traffic through St Gellért Square
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Ccl aktualis / current
Ccl kifejlett / mature
Cc2 aktudlis / current
Cc2 kifejlett / mature
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Mt6 kifejlett / mature
Mt7 aktuélis / current
Mt7 kifejlett / mature
An1 aktudlis / current
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UpP1 aktudlis / current
UpP1 kifejlett / mature
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UpP3 aktudlis / current
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UpP6 aktudlis / current
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UpP7 aktualis / current

UpP7 kifejlett / mature

Fo2 aktudlis / current

Fo2 kifejlett / mature

m Szabad lombfelilet / Free canopy

breaks up the entire square for a considerable distance.
If we take the open space area - 3509 m?” - instead of the
actual area, the canopy cover is 26%, which is within the
ideal range (25-30%) [28].

Careful analysis of the planting distances showed that
the tree spacing correctly reflects the space requirements
of each taxon. As a result, the current canopy cover is
extremely high at g7%, one of the best values among the
open spaces studied. However, it should be noted that
this percentage will decrease to 52% as the trees mature,
mainly due to the dense planting of the green cassettes,
as the proportion of open canopy in the linearly planted
tree groups decreases to 71%. Partially overlapping and
significantly overlapping crowns will naturally increase
as they grow, from the current 4% to 45% and from 0% to
20% of the total, respectively.

The overall assessment shows that individuals in
linear tree groups, regardless of taxon, are and can be
expected to continue to develop in a near-ideal way in
terms of habit-canopy form-planting density, while among
the trees in green boxes, it is mainly the oaks on the outer
edge of the group and the globe oaks that can be of real
long-term benefit in terms of ecosystem services, while
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the crowns of the currently undeveloped lime and inte-
rior oaks are largely dominated by the trees surrounding
them. ®

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

4D 74, 32-41. (2024)

Fig. 6: Canopy assessment of the tree group in front of the Gellért Hotel
in its current and predicted mature size

Fig. 7: Canopy assessment of the St Gellért embankment canopy in its
current and predicted mature state
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ESZKOZOK ES LEHETOSEGEK

AZ OKOLOGIAI HALOZAT

| EHATAROLASARA
METHODOLOGICAL POSSIBILITIES
OF DETERMINING THE
FCOLOGICAL NETWORK

KUTNYANSZKY VIRAG | SZILVACSKU ZSOLT

ABSZTRAKT
Az 6kologiai halézat a biodiverzitas és az él6helyek meg-
Orzésére, az anyag- és energiakorforgas fenntartasara ira-
nyuld eszkoz, természetes és fél-természetes tajelemekbol
all6é koherens rendszer. Harom alapvetd szerkezeti egy-
ségre oszthatd: magteriiletek, 6koldgiai folyosdk és puffer-
teriiletek alkotjak, amelyeket egyes értelmezések rehabi-
litacios teriiletekkel egészitenek ki. Az 6koldgiai halézat
definialasara irdnyuld kutatasunk soran megkozelitési
iranyzatokat és befolyasold tényezdket tartunk fel. Megal-
lapitottuk, hogy a haldzat torekedhet egy faj (vagy fajcso-
port) életfeltételeinek javitasara, vagy az okoldgiai allapot
és a konnektivitas fejlesztését, valamint a fragmentacio
csokkentését tiizi ki célul. A halézatot (és igy a tervezé-
sét) négy alapvetd tényez6 befolyasolja: a taji adottsagok
és a benne lejatszodo folyamatok keretrendszert bizto-
sitanak, az él6vilag mint hasznalé meghatarozoé, mig az
ember alakité hatdssal van a hal6zatra. Eszkozok széles
skalajat mutattuk be, a dontés-alapu stakeholder-vezérelt
tervezéstdl, a tdjmetriai elemzéseken &t a grafelméleten
alapulé 6sszekotottségi modellekig. Az 1980-es években
indult 6koldgiai halézat tervezése jelentésen kiilonbozik
a ma haszndlt modszerektdl, hiszen a rendelkezésre 4llo

technoldgidk (els6sorban a térinformatika), software-ek
elterjedésével egyre tobb szempontot tudunk integralni a
hélézat modellezésébe, objektivebb eredményért. Azon-
ban elmondhatd, hogy az egyre komplexebb szamitaso-
kon alapulé modellek eltavolodtak a tervezéi szemlélet-
t6l, nem céljuk a jogi-tertileti tervezési illeszkedés, &m a
kisebb léptékii halozatfejlesztési beruhazasokat, pl. vadat-
jarok létesitését, egy folyosd vagy éléhely rehabilitacidjat
megalapozzak.

Kulcsszavak: Okoldgiai halézat, tériformatikai modellezés,
konnektivitds, éléhelyi alkalmassdg, tdjokoldgia, tdjmetria

BEVEZETES - AZ OKOLOGIAI

HALOZAT MEGHATAROZASA
Az 6kologiai halézat mai értelemben hasznalt kon-
cepcidjat az él6helyek beszlikiilése és a biodiverzitas
csokkenése hivta életre. A szigetbiografiai és metapo-
pulécios elméletek nyoman bebizonyosodott, hogy az
egymastol elszigetelt védett teriiletek meghatarozasa
onmagaban nem biztositja a biologiai sokféleség meg6r-
zését. Nem elegend6 csupan fajokat, természetes vagy
ahhoz kozel 4ll6 éléhelyeket védeni, hanem az 6kologiai

4D 74, 42-53.(2024)

ABSTRACT
An ecological network as a biodiversity and habitat con-
servation tool, maintaining the material and energy cycle,
is a coherent system of natural and semi-natural land-
scape elements. It can be divided into three basic struc-
tural units: core areas, ecological corridors and buffer
zones, which are sometimes supplemented by rehabil-
itation areas. Our research on planning methods and
definition of the ecological network has revealed differ-
ent approaches and influencing factors. We have identi-
fied that a network can aim to improve the living condi-
tions of a species (or group of species), or it can aim to
improve overall ecological condition and connectivity, and
reduce fragmentation. A network (and thus its planning)
is influenced by four factors: natural attributes and the
processes that take place within the landscape provide a
framework; wildlife as a user is a dominant; and humans
have a shaping influence on the network. Along these
lines, we have presented a wide range of tools, from deci-
sion-based stakeholder-driven planning, through land-
scape metric analysis, to connectivity models based on
graph theory. Ecological network planning, which started
around 1980, is very different from the methods used
today, as the spread of available technologies (mainly
GIS technology) and software allows us to integrate an
increasing number of aspects into the network modelling,
producing objective results. However, it can be stated that
models based on increasingly complex calculations have
moved away from a planning perspective; they are not
intended to fit legal or spatial planning conditions, but
they do provide a basis for small-scale network develop-
ment, e.g. the creation of wildlife crossings, or the rehabil-
itation of a corridor or habitat.

Keywords: Ecological network, fragmentation, connectivity,
habitat suitability, landscape ecology, landscape metrics

INTRODUCTION - DEFINING

ECOLOGICAL NETWORKS
The concept of the ecological network as we use it today
was born as a solution for habitat and biodiversity loss.
Island biogeography and metapopulation theories have
shown that isolated protected areas alone are not suffi-
cient to conserve biodiversity. It is not enough to protect
species and natural or semi-natural habitats, but it is also
necessary to ensure that natural patches are of sufficient
size, that habitat connectivity is maintained and also that

43
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natural processes are sustained to maintain ecological
functionality [1, 2].

The ecological network, planned and used to sustain
biodiversity, appeared in the 1980s, first in the Neth-
erlands and Denmark [2, 3] before spreading through-
out Europe. By 2006, almost all European countries had
implemented the ecological network in some way [2].

An ecological network is a coherent system of natural
and semi-natural landscapes, which should be conserved
and, where possible, supplemented or restored to ensure
the persistence of ecosystems, habitats and species [1,
4]. By definition, an ecological network is therefore more
than just a set of protected natural areas, it also includes
the provision of the links between them.

An ecological network can be divided into three
(some interpretations suggest four) functional struc-
tural units. We distinguish core areas, ecological corri-
dors, buffer zones and additional rehabilitation areas.
Core areas are habitats where natural processes pre-
vail, ensuring the maintenance of communities [1]. They
are usually natural or semi-natural areas important for
biodiversity conservation, but not necessarily protected
[2]. Ecological corridors are links between core areas;
they may be linked to linear elements such as roads or
watercourses, and may be landscape corridors of multi-
ple habitats or discontinuous, stepping-stone links [1, 5].
The main role of corridors is to maintain the coherence
of fragmented ecosystems [2]. Buffer zones protect the
functionality of the system from external pressures [5], in
order to maintain ecological stability [1]. Rehabilitation
areas are degraded habitats or damaged surfaces that
provide a potential resource for the ecological network
[5], and can become an important part of the system after
restoration [1].

The aim of this publication is to present methodolog-
ical possibilities for delineating and planning ecological
networks and to describe the factors that shape it. We
used national and international studies and projects to
review the development of network modelling and the
tools available today.

METHODS
To establish our research, we reviewed almost 100 papers
on ecological networks. Half of these were case studies
presenting different models that have dealt with this topic
from the late 1990s to the present day. Among the meth-
odologies reviewed, European initiatives are predominant,
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miikod6képesség megbrzéséhez sziikség van a természe-
tes foltok megfelel6 kiterjedésére, az él6helyek kozotti
kapcsolatok biztositadsara és a természetes folyamatok
fenntartasara is [1, 2].

Az dkoldgiai halozat ennek a célnak az eszkozeként
keriilt a koztudatba az 1980-as években; el6szor Hollan-
didban és Déanidban jelent meg [2, 3], majd ezutan terjedt
el egész Eurépaban. 2006-ra csaknem az 0sszes europai
orszag implementalta az 6kologiai halézatot valamilyen
moédon [2].

Az 6kologiai halozat természetes és fél-természetes
(természetkozeli) tajelemekb6l all6 koherens rendszer,
amelyet ugy kell megorizni, és ahol lehet, kiegésziteni
vagy helyreallitani, hogy biztositsa az 6koszisztémak,
¢léhelyek és fajok fennmaradasat [1, 4]. A meghatarozas
szerint az 6kolégiai halozat tehat tobb, mint a védett ter-
mészeti teriiletek 0sszessége, a kozottiik fenndallo kapcso-
latok biztositésa is a rendszer részét képezi.

Az 6koldgiai halozat harom (egyes értelmezések sze-
rint négy) funkciondlis szerkezeti egységre oszthato.
Megkiilonboztetiink magtertileteket, 6kologiai folyosdkat
és pufferteriileteket, valamint rehabilitacids teriileteket.
A magteriiletek azok az él6helyek, ahol a természetes
folyamatok érvényesiilnek, ezzel biztositva az életkdzos-
ségek fennmaradasat [1]. Ezek altaldban természetes,
vagy természet-kozeli, a biodiverzitds megoérzése szem-
pontjabdl fontos teriiletek, amelyek nem rendelkeznek
feltétleniil természetvédelmi oltalommal [2]. Az 6kol6-
giai folyosok osszekdttetéseket képeznek a magteriiletek
kozott, kotédhetnek linearis elemekhez, példaul utakhoz
vagy vizfolyasokhoz, lehetnek tobbféle él6helybdl dssze-
allé tajfolyosok vagy éppen meg-megszakitott, lépege-
t6-ké jellegti kapesolatok [1, 5]. A folyosok legfébb szerepe
a fragmentalt 6koszisztémdak koherencidjanak fenntar-
tasa [2]. A pufferteriiletek védik a rendszer miikodését a
kiils6 behatasokkal szemben [5], az okoldgiai stabilitas
megorzése érdekében [1]. A rehabilitacids teriiletek olyan
degradalt éléhelyek, roncsolt felszinek, amelyek egyfajta
hattér-ertforrasai az okolégiai halézatnak [5], helyreallita-
suk soran fontos részeivé valthatnak a rendszernek [1].

Ennek a publikacionak célja, hogy bemutassa az
0kolégiai halozat lehatarolasara, tervezésére irdnyuld
madszertani lehet6ségeket, valamint a halézatot alakitd
tényezdket. A hazai és nemzetkozi tanulmanyok és pro-
jektek attekintésével a halézat modellezésére iranyuld
eszkozok fejlédését és a ma rendelkezésiinkre 4ll6 eszkoz-
tarat tekintjiik at.

MODSZERTAN

Kutatasunk megalapozasaul csaknem szaz okoldgiai
halozattal kapesolatos munkat tekintettiink at, és dolgoz-
tunk fel. Ennek fele kiilonb6z6 modellt bemutato esetta-
nulmény volt, amelyek egészen az 1ggo-es évek végétol
napjainkig foglalkoztak ezzel a témaval. A feldolgozott
modszertanok kozott tobbségben vannak az eurdpai kez-
deményezések, azonban vilagszerte foglalkoznak kutatok
és tervezOk az okologiai halozat modellezésével. A kozel-
multban kiilonosen fejlédtek a kinai kutatasok, amelyeket
a varosok erételjes szétteriilése és a természeti teriiletek
csokkenése hivott életre.

Ezen forrasok alapjan az eszkozokre és modszerekre
vonatkozdé kutatasunk eredményeit a kvetkez6kben
ismertetjiik.

AZ OKOLOGIAI HALOZAT

TERVEZESENEK, MODELLEZESENEK

FEJLODESE
A 2000-es évek kornyékén keletkezett tervezési utmuta-
tok, amelyek aztan végiil az els6 6koldgiai halézatok meg-
hatarozasat alapoztdk meg, els6sorban az él6helyek ter-
mészetességére, allapotara alapoztak. A cél a foltok terepi
adatokon alapulé ckolégiai potencialjanak értékelése
volt, amely az egyes él6helyek hal6zatban betoltott szere-
pét hatarozta meg. A tervez6 a foltok halézati potencialja
és elhelyezkedése, alakja alapjan dontott a kiterjedésrol
és szerkezeti egységekrol, gyakran a tulajdonviszonyok,
kiilonféle szakmak kozti egyeztetések figyelembevételé-
vel [1]. Igy zajlott példaul a Pan-Eurdpai Okoldgiai Halozat
(PEEN) tervezése is [6].

Egyes orszagok (pl. Lengyelorszag) indikatorfajokat,
fajcsoportokat alkalmaztak ckoldgiai halézatuk megha-
tarozasahoz, kombinalva a geomorfoldgiai, hidroldgiai
és biotikai-t4ji szempontokkal [3]. Mas orszagokban az
Okoldgiai stabilitds és a teriiletek természtvédelmi értéke
(Csehorszag, Szlovakia), vagy éppen az emberi befolya-
soltsag mértéke a meghatarozo a haldzat kialakitasdban
(Szerbia) [7]. A térinformatika elterjedésével egyre tobb
lehet6ségiik volt a fajok ttvonalainak modellezésére,
becslésére halozatelemzési eszk6zok segitségével. A tér-
képezés célja egy konkrét faj (sok esetben veszélyeztetett
faj) él6hely-halézatanak feltarasa volt, azért, hogy a faj
életfeltételeit javitani tudjuk. A bemeneti adatok gyakran
tdmaszkodnak terepi megfigyelésekre, amelyek segitségé-
vel él6hely-alkalmassagi térképek késziilnek, figyelembe
véve az adott él6lény viselkedését és igy a szdméara fontos
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but ecological network modelling is being addressed by
researchers and planners worldwide. Research in China
has been particularly advanced recently, stimulated by
the massive urban sprawl and loss of natural areas.

Based on these sources, the results of our research on
tools and methods are presented below.

EVOLUTION OF PLANNING

AND MODELLING THE ECOLOGICAL

NETWORK
The planning guidelines that emerged in the 2000s and
eventually formed the basis for the first ecological net-
works were based primarily on the naturalness and
condition of habitats. The aim was to assess the eco-
logical potential of patches based on field data, which
determined the role of each habitat in the network. The
planner decided on the extent and structure of the net-
work based on the potential of the patches network, their
location and shape, often taking into account ownership
and also including a discussion between relevant profes-
sions [1]. This was the case, for example, in the planning
of the Pan-European Ecological Network (PEEN) [6].

Some countries, like Poland, have used indicator
species and indicator groups to define their ecological
networks, combined with geomorphological, hydrologi-
cal and biotic-landscape aspects [3]. Meanwhile, in other
countries, the ecological stability and conservation value
of the land (Czech Republic, Slovakia) or the degree of
human influence (Serbia) are considered when planning
the network [7]. With the advance of GIS technology,
there have been increasing opportunities to model and
estimate species pathways using network analysis tools.
The aim of mapping was to define the habitat network
of a specific species (in many cases an endangered spe-
cies) in order to improve living conditions for the spe-
cies. The input data often relies on field observations to
produce habitat suitability maps, taking into account the
behaviour of the species and important related factors
(e.g. vegetation cover, terrain conditions, presence of
water, etc.).

With the development of GIS tools and databases, a
third direction emerged by the end of the 2010s, which
is similar in its aim to the first approach, but combines
network analysis with landscape metrics in its toolkit.
Its aim is to define a generalised system for improving
connectivity in the landscape. This is typically based on
landscape attributes and land cover, which are used to
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perform landscape metrics and statistical analyses, fol-
lowed by network modelling to identify the connections
between patches [8-15]. Since this approach does not
integrate the insights of different policies and regulations,
and replaces the planner’s decision with objective calcu-
lations, the involvement of stakeholders (e.g. spatial plan-
ners, municipalities, politicians, farmers and landowners,
etc.) is recommended to ensure the feasibility of the net-
work [16, 17].

The main difference between the three approaches is
that the first and the third aim to identify a general net-
work, while the second aims to promote the survival and
protection of a single species. Research today generally
uses either the second or the third approach.

In theory, the scale of an ecological network can range
from the local (micro) scale to a global system. This issue
can pose a dilemma when defining a general network,
as different species differ greatly not only in their needs
but also in the size and extent of the network they use.
For example, the ecological network of a large carnivore
may be defined at a continent level, whereas the network
of a small mammal may be confined to the boundaries of
a single municipality. To resolve this issue, the literature
clearly states that the most appropriate scale for planning
a general ecological network is the landscape-regional
(mezo) scale [1, 5, 18, 19]. However, to get a more accurate
picture of the network, it is recommended that both local
scale and larger (even national or international) networks
are considered [1, 19, 20].

INFLUENCING FACTORS
Based on the different approaches and tools used in
research, it can be stated that the ecological network is
shaped and determined by four factors: the landscape, its
natural processes, wildlife and human influence. Each of
the three approaches examine these factors from their
own perspective, whether their goal is species conserva-
tion or habitat suitability.

Landscape attributes and natural processes together
provide the framework for the network. These natural fac-
tors (such as hydrography, topography, soil, natural vege-
tation and climate) are a given in a landscape and cannot
be changed or can only be changed at disproportionate
cost. The extent of the intervention in such cases funda-
mentally changes the functioning of the landscape and
affects the whole system (e.g. when building a motorway,
the terrain and drainage are altered). Landscape features
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aspektusokat (pl. névényzeti boritottsag, terepi viszonyok,
viz jelenléte sth.).

A térinformatikai eszkozok és adatbazisok fejlédésé-
vel a 2010-es évek végére egy harmadik irdny terjedt el,
amely céljaban az els6 megkdozelitéshez hasonld, azon-
ban az eszkodztardban 6tvozi a halézat-elemzést a tajér-
tékelési, tdjmetriai modszerekkel. Célja egy altalanos
érvényl rendszer meghatarozasa a taj konnektivitasa-
nak javitdsara. Ehhez jellemz6en a taji adottsagokat és
a felszinboritast veszi alapul, s ezek segitségével tajmet-
riai és statisztikai elemzéseket, valamint ezt kovetéen
halézat-modellezést végeznek, igy meghatarozva a foltok
kozti kapcsolatokat [8-15]. Ez a megkozelités a kiilonbdzd
szakteriiletek meglatasait nem integralja, a tervez6i don-
tést objektiv szamitasokkal helyettesiti. Emiatt javasolt az
érintettek (pl. teriileti tervezok, 6nkormanyzatok, politi-
kusok, gazdalkodok és foldtulajdonosok stb.) bevonésa a
halézat megvaldsithatosagara [16, 17].

A harom megkozelités kozotti 1ényeges kiilonbség,
hogy az els6 és a harmadik egy altalanos érvény( halézat
feltarasara torekszik, mig a masodik egy faj fennmarada-
sat, védelmét hivatott el6segiteni. A ma elterjedt kutata-
sok altalaban vagy a masodik vagy a harmadik megkozeli-
tést alkalmazzak.

Az 6kologiai haldzat léptéke elméletben egészen a
helyi (mikro) szintti halézatoktdl egy globélis rendszerig
terjedhet. Ez a kérdés dilemmat okozhat egy &ltalanos
érvényl halozat meghatarozasanal, hiszen a kiilonféle
allatfajok nemcsak igényeikben, hanem a hasznalt halé-
zatuk nagysagaban, kiterjedésében is merében kiilon-
boznek egymastol. Gondoljunk csak egy nagyragadozo
0kologiai halézatara, amely nemzetkozi szinten hatéaroz-
haté meg, ezzel szemben viszont egy kisemlés halézata
akar egy telepiilés teriiletén beliil maradhat. A szakiroda-
lom ennek a kérdésnek a feloldasara egyértelmtien leszo-
gezi, hogy a 1épték tekintetében egy altaldnos 6kologiai
hélézat modellezésére a legalkalmasabb a taji-regionalis
szint [1, 5, 18, 19]. Azonban azért, hogy pontosabb képet
kaphassunk a halézatrol mind a helyi 1éptékd, mind a
nagyobb (akar orszagos vagy nemzetkozi) halézatok figye-
lembevétele is javasolt [1, 19, 20].

ALAKITO TENYEZOK
A kutatdsokban alkalmazott kiilonbozé megkozelitések
és eszkozok alapjan elmondhatd, hogy az tkolégiai halo-
zatot alapvetfen négy tényezd alakitja, hatarozza meg:
a taj adottsagai, a természeti folyamatok, az élévilag és

az emberi befolyas. Mind a harom megkozelités rész-
ben-egészben ezeket a tényezdket vizsgalja a maga szem-
szogébdl, legyen sz6 a fajvédelemrol vagy él6helyi alkal-
massag vizsgalatarol.

A tdj adottsdgai és a természeti folyamatok egyiitt
keretrendszert adnak a halézatnak. Ezen olyan természeti
jellemzdéket (mint a vizrajz, a domborzat, a talaj, termé-
szetes novényzet és a klima) értiink, amelyek adottak
egy tajban, ezek megvaltoztatdsa nem lehetséges, vagy
csak aranytalanul nagy anyagi raforditassal valésithaté
meg. A beavatkozas mértéke ilyenkor alapjaiban valtoz-
tatja meg a taj miikodését, az egész rendszerre kihatéssal
van (pl. egy autopalya épitésekor a terepi viszonyok és
lefolyas megvaltoztatdsa). A taji jellemzék és a természeti
folyamatok (anyag- és energiadramlas, vizkorforgas, biol6-
giai és fizikai torvényszeriiségek stb.) az okologiai halézat
szempontjabol keretként értelmezendok, hiszen ehhez a
hélézatnak alkalmazkodnia kell. A védett természetes é16-
helyek megléte is alapadottsagnak tekinthet6, hiszen fel-
tételezhet6, hogy ezek a jogi védettségnek, koszénhetden
nem alakithatdk at.

Az élévilag els6sorban mint haszndld van hatassal
az okologiai halozatra. Az él6lények, mind az allat- és
novényvilag él6helyi feltételeinek, valamint terjedésének,
mozgasanak (diszperzid, migracio) biztositasa a halézat
feladata. A kiilonféle allatok - igényeiknek, méretiiknek,
életmodjuknak megfeleléen - lényegesen eltérd halozatot
hasznélnak, nemcsak lépékben, hanem jellegben is.

Mig egy ugyanolyan él6helyeket kedvel6 rovarfaj vagy
egy emlds halézat a kapcsolatok tavolsagaban tér el,
addig a madarfajok szamara sokkal nyitottabb a halé-
zat, hiszen rajuk az utak és vizek fragmentalé hatasa
kevéssé van befolyassal a ropképtelen allatokhoz képest.
A novényfajoknak masodlagosan van alakité hatasa a
tajra nézve. A novényzet fejlédése, a boritottsag noveke-
dése és valtozasa, valamint a szukcesszié mind befo-
lyasoljak a tajban lezajlodé folyamatokat, a vizkorfo-
gast, tovabba a mikroklimara is jelent6s hatéssal bir-
nak. A novények éléhelyfoltok kozti terjedését altalaban
valamilyen koztes hordozéval és annak tulajdonsagaival
modellezhetjiik (pl. szél, viz, termést hordoz6 madéar
vagy mokus) [21]. Indikatorfajcsoportok alkalmazasa
altalanosabb haldézatot eredményezhet egy ilyen modelle-
zésnél, am itt a csoport megfeleld kialakitasara és az igé-
nyeik pontos meghatarozasara is torekedni kell,

ehhez célszert(i természetvédelmi szakérték és okolégu-
sok bevonasa is [16].
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and natural processes (material and energy flows, water
cycle, biological and physical laws, etc.) should be under-
stood as a framework for the ecological network, as the
network must adapt to this system. The existence of pro-
tected natural habitats can also be considered as a basic
condition, since it is assumed that they cannot be modi-
fied due to their legal protection.

Wildlife primarily influences the ecological network
as a user. The network is responsible for ensuring the hab-
itat conditions and movements (local movements, disper-
sal, migration) of living organisms, both fauna and flora.
The different species, according to their needs, size and
lifestyle, use significantly different networks, not only
in terms of their scale but also in terms of their struc-
ture. While the network of an insect species or a mam-
mal preferring the same habitat differs in the distance of
its connections, the network can be much more open for
bird species, which are less influenced by the fragmenta-
tion of paths and waterways than flightless animals. Plant
species have a secondary shaping effect on the landscape.
Vegetation development, natural succession coverage,
growth and change all influence the natural processes,
like the water cycle, and also have a significant impact
on microclimate. The dispersal of plants between habitat
patches can usually be modelled using some intermedi-
ate carrier and its factors (e.g. wind, water, crop-bearing
birds or squirrels) [21]. The use of indicator species groups
can result in a more general network, but here the group
should be properly designed and their needs accurately
defined, and it is advisable to involve conservation experts
and ecologists [16].

The impact of human activities on the landscape
changes habitats, their quality and structure, or causes
their disappearance or transformation. This includes the
habitat-forming effects of land use and agriculture, which
determine the ecological network in its primary struc-
ture and extent. The fragmentation and barrier effects of
roads and other establishments, sources of disturbance
and pollution, affect the quality and functionality of the
network. The role of buffer zones is of particular impor-
tance to the conservation of habitat quality and stability.
It is important to stress that human intervention has a
strong impact primarily on landscape structure and land-
scape processes, while changes to landscape features
(topography, soil, climate, precipitation, etc.) can be less
or sometimes more profoundly altered over several gen-
erations.
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TOOLS AND METHODS TO

DEFINE THE NETWORK
Regardless of the approach, research aiming to define
an ecological network usually starts by exploring the
characteristics of the chosen area (Figure 1.). The char-
acterisation of landscape features is usually used as an
input to the modelling, on which further calculations are
performed. It is therefore particularly important to check
the quality, methods and accuracy of the data collection,
as the result is based on their reliability. Such input data
are usually topography models, which are used to investi-
gate exposure, slope or altitude, remote sensing and aerial
images, which can be used to calculate, among other
things, vegetation cover and its density (e.g. NDVI). For
example, in research on the Siberian roe deer’s network,
topography was a key factor: as a species living in moun-
tain regions, slope, aspect and vegetation cover are deci-
sive in determining optimal habitats and routes for this
species [g].

Land cover data, road networks and built-up areas are
essential data in any research to define the structure and
fragmentation of the landscape and its habitats. Land cover
data, combined with conservation and monitoring data-
bases, can be used to determine the naturalness of a land-
scape, or even to designate suitable habitats for a species.

To model the ecological network, researchers first
assess, categorise or describe the patches of the land-
scape using various metrics. Depending on the approach,
this process may focus on determining habitat suitability
for a particular species or it may involve calculating fac-
tors that describe the landscape in general. Network mod-
elling often relies on these indicators.

For the objectivity of studies, species distribution mod-
els (SDM) such as MaxEnt or MSPA (morphological spatial
pattern analysis) models are used to determine habitat
suitability. These calculations are based on species occur-
rence data and observations, while also taking landscape
characteristics, patch structure and the species individual
preferences into account. The MaxEnt model is more com-
monly used in research to determine ecological suitability
for species [g], while MSPA analysis also includes land-
scape structure and patch shape, determining ecological
resource areas [12, 18, 20]. For input data, it is important
to work with evidence-based, cleaned, up-to-date data-
bases [g, 22].

Landscape metrics are used to describe the geometry
of patches and to explore the structure and relationships
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1. abra/Fig. 1: Az 6koldgiai halézat tervezésére irdnyuld legfontosabb
eszkozok egymasra épilése / Main tools available for delineating the

ecological network and its connections

Az ember tdjalakité hatdsa megvaltoztatja az él6helye-
ket, azok minGségét, szerkezetét, vagy éppen az eltlinésii-
ket, atalakuldsukat okozza. Ide tartozik a taj hasznalata-
nak, miivelésének él6hely-alakito hatésai, amelyek el6d-
leges szerkezetében és kiterjedésében hatarozzak meg az
0koldgiai halézatot. Az utak, egyéb miivi létesitmények
fragmentalo- és barrier-hatésa, a zavaras és szennyez6for-
rasok, a halézat mindségét, miikod6képességét befolya-
soljak. A pufferteriiletek szerepe az él6helyek allapota-
nak, stabilitdsdnak védelme szempontjabdl kiemelkedd.
Fontos kiemelni, hogy az emberi beavatkozasok elsésor-
ban a t4j szerkezetére és a tajban lezajlé folyamatokra
vannak er6teljes behatéssal, mig a taji adottsagok (dom-
borzat, alapk&zet, klima, csapadék stb.) megvaltoztatasat
kevésbé, vagy esetenként tobb emberolt6 leforgasa alatt
képesek alakitani.

ESZKOZOK ES MODSZEREK

A HALOZAT MEGHATAROZASARA
Az 0kolégiai halozat meghatarozasara irdnyuld kutatéasok,
megkozelitéstdl fliggetleniil, a valasztott teriilet jellem-
z6inek feltarasaval indulnak (1. 4bra). A taji adottsagok
jellemzése altaldban bemeneti (input) adatként van jelen
a modellezésekben, amelyeken tovabbi szamitadsokat
végeznek. Az adatok minfségét és a gytijtés modszer-
tanat, pontossagat emiatt kiilondsen fontos ellendrizni,
hiszen a modellezések ezek megbizhatdsagara épitenek.
Ilyen bemeneti adatok &ltaldban a domborzatmodellek,
amelyeken kitettséget, meredekséget, vagy éppen tenger-
szint feletti magassagot vizsgalnak; a 1égi- és tirfelvéte-
lek, amelyekbdl tobbek kozt a novényzeti boritottsagot és
annak intenzit4sat (pl. NDVI) lehet szamitani. Egyes él6-
lények, mint példaul a szibériai 6z, hal6zatanak kutatasa-
ban a domborzat kulcsfaktor: hegyvidéki faj lévén mind a
meredekség mind a kitettség, és a novényzeti boritottsag
meghatarozo a szamara optimalis él6helyek és itvonalak
meghatarozasaban [g].

A felszinboritasi adatok, az tithalézat és a beépitések
elengedhetetlen adatok minden kutatasban, ezekbdl a taj
és él6helyek szerkezetére, feldarabolddottsagara lehet
kovetkeztetni. A felszinboritasi adatok, kombinalva a ter-
mészetvédelmi adatbazisokkal, monitoring adatokkal, a
természetesség meghatarozasat, akar egy faj szdmara az
alkalmas él6helyek kijelolését is megalapozhatjak.

Az tkoldgiai halézat modellezéséhez els6 lépésként a
kutatok a t4j foltjait értékelik, kategorizaljak vagy irjak le
kiilonféle mérdszamokkal. Ez a folyamat, megkozelitéstol

fligg6en, fokuszalhat egy adott faj szempontjabol mért
él6helyi alkalmassag megallapitasara, vagy éppen a tajat
altalanosan leir¢ indexeket szamitanak. A halézat-model-
lezés gyakran ezekre a mutatékra alapoz.

Kutatéasok objektivitasanak bizonyitasara az él6-
hely-alkalmassag megallapitasahoz faji eloszlas model-
leket (SDM) alkalmaznak mint a MaxEnt vagy az MSPA
(morphological spatial pattern analysis) modellek. Ezekben
a modellekben a fajok el6fordulési adataira, konkrét meg-
figyelésekre alapoznak, figyelembe véve a taji adottsago-
kat, a foltok szerkezetét és a faj specidlis preferenciait.

A MaxENT modellt a kutatdsok inkabb a fajok szempont-
jabol az okoldgiai alkalmassag megallapitdsara hasznaljak
[8], mig az MSPA elemzés a taj szerkezetét, a foltok alaki
jellemz6it is figyelembe veszi, amelynek hasznalataval az
okolégiai forrasteriiletek hatarozhatdk meg [12, 18, 20].

A bemeneti adatok esetében az el6forduldasoknél fontos,
hogy valos, letisztitott, nem elavult adatbazissal dolgoz-
zunk [g, 22].

A tajmetriai mérdszamokat a foltok geometridjanak
leirasara és a taj szerkezetének, kapcsolatainak feltara-
sara hasznaljak. A keriilet-teriileti mérészamok, egyéb
alaki mutatok, magteriiletek és szegélyek mérése gyak-
ran alkalmazott elemzések, &m ezek mellett az 6kologiai
halozat szempontjabdl legfontosabb indexek a szom-
szédossagi, a konnektivitasi és izolacios, fragmentacios
mérdszamok [23]. Ezek koziil a konnektivitasi mutatdkat
emelnénk ki, amelyek a foltok 6sszekapcsoltsagat szam-
szer(sitik. Koziiliik a szakirodalom szerint ajanlott mér6-
szamok az IIC (Integral Index of Connectivity) és a PC (Pro-
bability of Connectivity), mivel mindkét mutato képes a
kulcsfontossagu foltok meghatarozasara [24]. A tajmetriai
indexek szamitdsdra FRAGSTATS a leggyakrabban hasz-
nalt szoftver. A konnektivitasi mutatok nemcsak a haldzat
modellezésére, hanem egy meglévé haldzat értékelésére
is alkalmazhatd indexek [11].

A konnektivitas mellett a fragmentacio, azaz a szepa-
raciot okozo tajelemek jelenlétének vizsgalata kulcskér-
dése az 0kolodgiai halozatnak. Fragmentalo elemek lehet-
nek a vonalas létesitmények (utak, vasutak, folyovizek),
vagy éppen foltszer(l elemek (teleptilések, iparteriiletek,
egyéb antropogén felszinek, az tizemszerti mezégazda-
sagi teriiletek és szennyezo6forrasok) [25]. A fragmentéciot
tobbféleképpen is szamszertisithetik, de a leggyakrabban
alkalmazott technika a rdcshalé mddszer, amely egy adott
tertiletre vetitve mutatja a feldarabolédottsag mérté-
két [26].
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FELSZINI ES FELSZIN

°°LMET:%'E$2; Es ALATTI VIZEK FELSZINBORITAS
(TOPOGRAPHY) (FRESHWATER & (LAND COVER)
GROUNDWATER)
TALAJ VIZKORFORGAS NOVENYZET
(soiL) (WATER CYCLE) (VEGETATION)
BEMENETI
ADATOK

(INPUT DATA)

ELOVILAG - FLORA ES FAUNA

Hasznalok
ELOHELYI OKOLOGIAI T““f:ﬁt;étg E
ALKALMASSAG FORRASTERULETEK (LAND USE &
(HABITAT (ECOLOGICAL CULTIVATION)
SUITABILITY) SOURCES)
El6forduléd 'adatok,“ Ent El6forduld 'adatok,“ El
MSPA (Occurence data, MSPA (Occurrence data, DIVERZITAS ES
MaxEnt, MSPA) MaxEnt, MSPA) HEI'EROGENITAS
(DIVERSITY &
HETEROGENITY)
UTVONALAK, FOLYOSOK Fmgr:':‘l;ég"(o Es
(LINKS & CORRIDORS) (FRAGMENTATION &
Least-cost, MCR BA RRIERS)

HALOZAT-ELEMZES
(NETWORK ANALYSIS)

of the landscape. In addition to perimeter-area and other
shape-related indicators, core area and edge metrics,
the most important indicators for the ecological network
are contiguity, connectivity and isolation/fragmentation
metrics [23]. Among these, we would highlight connectiv-
ity indicators, which measure the possible connections
between patches. From these metrics, the IIC (Integral
Index of Connectivity) and PC (Probability of Connectivity)
are the recommended indicators according to the litera-
ture, as both are able to identify key patches [24]. FRAG-
STATS is the most commonly used software for calculat-
ing landscape metric indices. Connectivity indices can be
used not only to help model a network but also to evalu-
ate an existing network [11].

In addition to connectivity, fragmentation, i.e. the
presence of landscape elements that cause separation,
is a key issue for the ecological network. Fragmentation
elements can be linear features (roads, railways, rivers) or
patches (settlements, industrial sites, other anthropogenic
surfaces, agricultural land and pollution sources) [25].
Fragmentation can be quantified in several ways, but the
most commonly used technique is the grid method, which
shows the degree of fragmentation over a given area [26].

TERMESZETI-FIZIKAI
TORVENYEK
(NATURAL &

PHYSICAL LAWS)

ANYAG- ES
ENERGIAARAMLAS
(MATTER & ENERGY

FLOW)

TAJMETRIAI INDEXEK
(LANDSCAPE METRICS)

EMBER TAJFORMALO HATASA

Alakito

TERMESZETESSEG
(NATURALNESS)

BEFOLYASOLTSAG
(HEMEROBY)

KONNEKTIVITAS
(CONNECTIVITY)

Factors that describe landscape structure like hetero-
geneity, landscape pattern or diversity and the impact of
human influence are also often integrated into ecological
network modelling. For example, Shi et al’s 2020 research
based network modelling on examining landscape pattern
changes and identifying key drivers. For this, they consid-
ered topography, land cover (including fragmenting roads
and settlement areas), among others, as input data [18].

The principle of “least-resistance” is commonly used
by modellers to define ecological linkages, routes
and corridors. These calculations look for connections
between patches of “cores” or “source areas” based on
a resistance map. The MaxEnt or MSPA methods men-
tioned above are often used to produce resistance maps,
but models may also include landscape metrics and other
species-specific considerations. In addition to the resist-
ance map, it is also necessary to provide a dispersal dis-
tance that represents the maximum distance that the
species are able to bypass between two core habitats.
Two source areas are connected if a path can be drawn
between them based on a resistance map with a length
less than a dispersion value. The chosen GIS software
then displays the shortest optimal path between the
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Rétisas folyosoi és utvonalai (links and
corridors of the white-tailed eagle)
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and corridors of the little egret)

A t4j szerkezetét leiré mutatdkat mint heterogenitas,
mintdzat, diverzitds, valamint az emberi befolyasoltsag
leirasat is gyakran integraljak dkologiai hal6zat model-
lezésébe. Shi és tarsai 2020-as kutatasa példaul a taj-
mintézat valtozasainak vizsgalatara és a f6 befolyasold
tényez6k megallapitasara alapozta a halozati modellezést.
Ehhez bemeneti adatként - tobbek kozott - a domborza-
tot, a felszinboritast (koztiik a fragmentald utakat és tele-
pulési tertileteket) vették figyelembe [18].

Az 6kologiai kapcsolatok, utvonalak és folyos6k meg-
hatarozasara altalaban a ,legkisebb ellendallas” elvét hasz-
naljdk a modellezok. Ezek a szamitasok foltok kozti kap-
csolatot keresnek a ,magok” vagy ,forrastertiletek” kozott
egy ellenallas-térkép alapjan. Az ellendallas-térképek készi-
tésére a fent emlitett MaxEnt vagy MSPA modszerek is
gyakran alkalmazottak, de tadjmetriai mutatdkat és egyéb
fajspecifikus szempontokat is tartalmazhat. Az ellenal-
las-térképen kiviil még sziikséges egy diszperzios tavolsag
megadasa, amely azt reprezentdlja, hogy mi az a maxima-
lis tavolsag, amelyet a faj megtesz két mag-éléhely kozott.
Két forrasteriilet kozott akkor van kapcsolat, ha azok
kozott olyan dtvonal hizhato az ellenallas-térkép alapjan,
amelynek hossza diszperzids értéknél kisebb. Ezek utan
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a valasztott térinformatikai program megjeleniti a magok
kozti legrovidebb, optimalis ttvonalat. A kapcsolatok felta-
rasara alkalmazott eszkoz a least-cost path mddszer [8-11,
27], vagy az MCR (minimum cumulative resistance) model
[13-16], amelyek ezen az elven miikodnek. Péld4ul az Arc-
Map szoftver Linkage Mapper kiegészit6je a least-cost
path mddszert alkalmazza, a legoptimalisabb titvonalakon
kiviil a tertileti eredményt is ad arra nézve, hogy az allat
milyen valdszintiséggel fogja az adott folyosét haszndlni az
utja soran. A valdszinliség az optimalis utvonaltdl az ellen-
allas-térkép fiiggvényében csokken (2. 4bra).

A komplex mddszertant hasznalé kutatasok altaldban
az eszkozoket kombindaljak, szamitasok széles tarha-
zat alkalmazzak annak érdekében, hogy az eredmény a
lehetd legtobb szempontot integralja. A modellek, f6leg
a kozelmult kutatédsai esetében, egyre bonyolultabbak,
tobb tényezét vesznek figyelembe, ezzel objektivebb és
atfogdbb eredményre torekszenek. Ugyanakkor fontos
kijelenteni, hogy az adatszolgaltatas min6ségétol a szami-
tasok nagyban fiiggenek, ezért azok mindségére, 0sszeha-
sonlithatésagara feltétlen torekedni kell. Lehet barmilyen
széles az alkalmazott mutatok spektruma, ha eleve fals,
vagy éppen elavult adatokra alapozunk.
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2. bra/Fig. 2: Példa halozat-elemzésre least-cost modszerrel: négy

kiilénb6z6 okolégiai igényl madérfaj taji Iéptékben modellezett folyosoi
és (tvonalai. A térképek el6allitasdhoz a Linkage Mapper kiegészitot
hasznaltuk / Example of least-cost analysis: corridors and routes were
modelled on a landscape scale for four bird species with different ecological
needs. The Linkage Mapper plugin was used to produce the maps

cores. The least-cost path method [8-11, 27] or the MCR
(minimum cumulative resistance) model [13-16], which
work on this principle, are used in today’s studies to
identify the connections. For example, the Linkage Map-
per plugin for ArcMap software uses the least-cost path
method; in addition to the most optimal paths, it also pro-
vides the spatial result of the probability that an animal
will use as a corridor during its journey. The probability
decreases from the most optimal path as a function of the
resistance map (Figure 2).

Research using a complex methodology usually com-
bines tools, including a wide range of calculations, in
order to integrate as many aspects as possible. Models,
especially in recent research, are becoming more com-
plex, taking into account more factors and thus aiming for
more objective and comprehensive results. At the same
time, it is important to state that the quality of the data is
highly dependent on the quality of the calculations, and
it is therefore essential to strive for quality and compara-
bility. Our model can use a wide range of comprehensive
indicators, but the results will be skewed if the input data
is outdated or incorrect.

CONCLUSIONS
The first methodologies relied much more on the partici-
pation of the planner, the stakeholders and professionals
in defining the network. The national ecological networks
were still being outlined during this period, so most of
them - including the Hungarian National Ecological Net-
work - were established through a series of discussions
and decisions. As the toolkit expanded and the poten-
tial of geospatial technology became more widespread,
delineation methods shifted towards spatial information,
landscape metrics and statistical models, as opposed to
empirical and decision-based methods. Recent research
has thus moved away from the aspects of feasibility and
legislation; it does not strive for legal compliance, and its
proposals often go against fundamental socio-economic
needs and interests. Rather than aiming for legal compli-
ance and implementation, these studies support specific,
local interventions (e.g. creation of wildlife crossings,

buffers, restoration of links) and do not aim to improve
the functionality of the whole network [28, 29].

Despite the development of tools, these new methods
have often failed to integrate into national networks. This
may be partly due to differences in scale, as these stud-
ies are carried out on a regional scale, which can only be
transposed and integrated on a national-international
scale through further planning, with the summary of dif-
ferent methodologies and results, involving decision-mak-
ers and professionals of various fields [7]. For this reason,
they can be used more as a theoretical framework or as
an evaluation on the functioning of the legal network for
the authorities, but there is not always a need for regional
planners or legislators to review legal networks.

SUMMARY
The first initiatives to define an ecological network
started at the end of the 20™ century, but the concept
flourished in the 2000s, when most European countries
established national and international networks. Meth-
odologies have become more precise and objective with
the development of spatial data analysis and landscape
metrics, and a wide range of tools and indicators are now
available for modelling. However, their application in
unsigned networks is still a long way off, due to both fea-
sibility and fit problems relating to the models and limita-
tions in decision making and frameworks. ®
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tikai és tajmetriai lehet6ségek fejlédésével egyre ponto-
sabbak, objektivebbek lettek, eszkozok és mutatok szé-
les skalaja all ma rendelkezésiinkre a modellezésekhez.
Alkalmazasuk a dezignalt halézatokban azonban még sok
esetben varat magara, amelyek mind a modellek megvalo-
sithatdsagi és illeszkedési problémaiban, mind a dontés-
hozas és keretek korlatoltsagaban keresends. ©
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ABSZTRAKT
A sziriai Ghab-siksag, amely torténelmileg jelent6s mezo-
gazdasagi régié Sziridban, 2011 6ta mélyrehato kihivasok-
kal szembesiilt a folyamatos konfliktus kovetkeztében.
Ez a tanulmany a Ghab jelenlegi mez6gazdasagi termelé-
sének allapotat vizsgdlja, és elemzi, hogy a vidéki meg-
élhetés hogyan alkalmazkodott a sziriai konfliktus altal
okozott tarsadalmi-gazdasagi és kornyezeti zavarokhoz.
Esettanulmanyok segitségével, a régié mezdgazdasagi szo-
vetkezeteiben tevékenykedd hét, kulcsfontossagu interju-
alannyal késziilt, félig strukturalt interjuk soran gytijtott
adatokat dolgoz fel. A kutatds rdmutat a mezdgazdasagi
4gazat hanyatlasara, amelynek f6 okai a sériilt ontozési
infrastruktira, a novekvo termelési koltségek és az elég-
telen kormanyzati tAmogatas. Ennek kovetkeztében sok
gazda attért a kislizemi gazdalkodasra, amely a haztar-
tasi onellatasra, a novénytermesztés diverzifikalasara és a

haziallattartasra 6sszpontosit. A tanulmany szerint a Ghab
mezogazdasagi ellenallé képességének fokozasa érdeké-
ben el6 kell segiteni az organikus tragyak hasznalatat,
novelni kell a helyi takarmanytermelést, és be kell vezetni
a szerzédéses gazdalkodast. Az ont6zési infrastruktira
helyreallitasa szintén kritikus fontossagu. Ezek az eredmé-
nyek raviladgitanak a vidéki kozosségek ellenall képessé-
gére a nehézségekkel szemben, és betekintést nytjtanak
azokba a szakpolitikai intézkedésekbe, amelyek tamogat-
hatjak Sziria mezdgazdasagi szektoranak helyreallitasat.
Tovabbi dsszehasonlité tanulményokra van sziikség Sziria
kiilonboz6 régiviban, hogy teljes mértékben megértsiik a
konfliktus mezdgazdasagra gyakorolt eltérd hatésait.

Kulcsszavak: mezégazdasdgi ellendllé képesség,
vidéki megélhetés, szerzédéses gazddlkodds,
Ghab siksdg, Sziria ©
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ABSTRACT
Ghab Plain is a historically important agricultural region
in Syria. Since 2011, the Syrian crisis has impacted its
agricultural productivity, and worsened socio-economic
conditions. This study investigates the current state of
agricultural production in Ghab and examines how rural
livelihoods have adapted to the socio-economic and envi-
ronmental disruptions caused by the Syrian crisis. Using
a case study approach, data were collected through
semi-structured interviews with seven key informants
from agricultural cooperatives in the region. The research
highlights the decline of the agricultural sector primar-
ily due to damaged irrigation infrastructure, escalating
production costs, and insufficient government support.
In response, many farmers have shifted to small-scale
farming focused on household self-sufficiency, diversify-
ing crop production, and raising domestic livestock. The
study suggests that enhancing agricultural resilience in
Ghab requires promoting organic fertilizers, increasing
local feed production, and implementing contract farm-
ing. The rehabilitation of irrigation infrastructure is also
critical. These findings underscore the resilience of rural
communities in the face of adversity and offer insights
into policy measures that could support the recovery of
Syria’s agricultural sector. Further comparative studies
across different Syrian regions are needed to fully under-
stand the varying impacts of the conflict on agriculture.

Keywords: agricultural resilience, rural livelihoods,
Contract farming, Ghab Plain, Syria

1- INTRODUCTION
Ghab Plain is a fertile and expansive flat plain located
within the triangle formed by the provinces of Hama,
Idlib, and Latakia. It is intersected by the Orontes River.
The Plain has been the focus of significant government
interventions. In 1952, Ghab Project Administration con-
ducted the necessary studies regarding draining the
Ghab swamp [1]. After reclamation, the newly acquired
lands were distributed based on a socio-economic plan as
outlined in the Agricultural Reform Law of 1969, with an
average allocation of 2.5 hectares per households. Large
irrigation networks were also constructed and became
the primary source of irrigation water for the newly estab-
lished agricultural system which was complemented by
the establishment of agricultural cooperative associa-
tions [2].

The onset of the Syrian crisis in 2011 was driven by
various factors such as the complexity of the political
and social structure, as well as multilateral foreign and
regional factors. The crisis has adversely affected the
agriculture sector in Syria, leading to changes in land use
patterns and a reduction in agricultural production. Rural
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life has unquestionably come under significant security
pressure during the Syrian crisis. The crisis resulted in
the destruction of a significant proportion of villages in
Ghab Plain. Even though, a considerable part of the popu-
lation remained in other villages, agricultural production
declined, and the nature of this production underwent
significant changes [4].

Several studies have been conducted to under-
stand agriculture development processes in the region.
Hamade [5] demonstrated that the Ghab region in Syria
is experiencing over-exploitation of groundwater aquifers
due to increased agricultural development and popula-
tion growth. Khadrah [6] discussed the decline of cotton
cultivation and the expansion of wheat cultivation in the
Ghab zone between 2005 and 2013. The main reasons
for this shift were the lack of proportionality between
the price and production costs of cotton, and the rise
in the price of diesel, a key factor in cotton cultivation.
Ciaschini [7] analysed economic policies for improving
female labour participation and food security in the Ghab
region of Syria.

This study aims to address some knowledge gaps.
Firstly, there is lack of socio-economic studies that focus
on the rural community in Syria, particularly after the
onset of the crisis in 2011. Secondly, Ghab Plain gained
more significance after the outbreak of the crisis, particu-
larly in its contribution to the agricultural production sec-
tor in Syria. Therefore, the goal of this study is to improve
the comprehension of the economic and social condi-
tions in the region and assess the effectiveness of agri-
cultural policies. Furthermore, this study aims to discuss
the adaptation processes that have taken place during the
Syrian crisis and the prospects for resilience. To address
these knowledge gaps, this study explores the following
research question: What is the current state of agricul-
ture in Ghab Plain, and how do those living in rural areas
adapt to the changes that have occurred during the Syr-
ian crisis concerning agricultural policies and economic
decline? The study investigates this topic through inter-
views with seven key individuals belonging to agricultural
cooperatives in Ghab Plain.

2- STUDY AREA
Ghab Plain is considered one of the most important
agricultural regions in Syria due to its fertile soil and
the diversity of its water sources. the plain extends for
approximately 8o kilometres in length and 10-20 kilo-
metres in width, covering 141,000 hectares and with an
estimated population of around 300,000 people [1], [2].
The region is bounded to the west by the coastal moun-
tain range, with heights reaching up to 1500 meters, with
an elevation of 600 meters (Fig. 2). The city of Jisr al-Shu-
ghur lies to the north, and to the south is the plateau of
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Masyaf [8]. With an elevation ranging from 150 to 180
meters above sea level (Fig. 2). Ghab Plain is traversed by
the Orontes River, and is endowed with numerous springs
on its eastern and western edges (Fig. 1). The annual pre-
cipitation rates vary between 350 and 1200 mm, with the
highest rainfall rate typically observed in the western part
near the coastal mountain range, and decreasing further
eastward and southward within the plain [1], [2], [3].

3- METHODOLOGICAL APPROACH:
To investigate how farmers in Ghab Plain have adapted to
changes in agricultural policies and economic decline dur-
ing the Syrian war, seven in-depth, semi-structured inter-
views were conducted with key individuals belonging to
agricultural cooperatives in Ghab Plain. An interpretive,
constructionist approach was employed to analyse inter-
viewees' experiences, opinions, and perceptions of reality
[9]. A case study methodology was chosen to facilitate
detailed analysis of the changes in agricultural policies
and economic conditions [10]. This study utilized pur-
posive and snowball sampling techniques [9]. The inter-
viewees were selected through outreach with the general
authority for Ghab Plain management and the general
union of peasants (Agricultural Cooperatives in Ghab
Plain), and by snowball sampling by asking interviewees
to suggest other possible ones.

Seven open-ended questions served as guidelines for
the semi-structured interviews [g]. The interviewees were
provided with the following questions before the inter-
view:

1. How has the social and community situation in Ghab
Plain changed from 2010 to 2023?

2. What crops and livestock do you manage, and how
has your agricultural production changed during the
conflict?

3. What farming practices have you modified in the past
five years, and why?

4. What are the current challenges on your farm?

5. How would you describe the implementation of
agricultural and irrigation policies in Ghab Plain?

6. How have environmental factors and climate
variations influenced agriculture in Ghab Plain?

7. What recommendations do you have for improving
agricultural resilience amidst economic decline?

Interviews, conducted face-to-face in Arabic in July and
August 2023, lasted 25-60 minutes and were audio-re-
corded. Transcripts were coded, and thematic analysis
was applied to identify key concepts and insights, with
direct quotations included to support findings. Data satu-
ration was typically achieved after six or seven interviews,
as per the <5% new information threshold [11]. Secondary
data from the Central Bureau of Statistics and the Ministry

of Agriculture supplemented the analysis, providing addi-
tional context on agricultural changes in Ghab Plain.

4- RESULTS AND DISCUSSION:
The main subjects and topics discussed by the interview-
ees will be presented in four main sections regarding to
the community conditions, economic challenges, adapta-
tion processes and resilience prospects, respectively. No
personal details are included. Most of the interviewees
are second or third-generation farmers after the establish-
ment of Ghab agriculture system in 1959, with ages rang-
ing from their 40s to their 6os.

4-1- Community conditions and

living expenses:
Like other rural regions in Syria, Ghab Plain experienced a
sustained period of stability before the Syrian crisis. With
agriculture serving as a major contributor to the income
of the rural community, the substantial agricultural sup-
port provided by the government was the principal factor
underlying the prosperity of agriculture in the plain as in
all rural Syria [12]. Nevertheless, despite agriculture being
a substantial source of income for the Ghab Plain commu-
nity, there was a clear trend towards urbanization. The
non-agricultural income sources were enticing for many
who left their villages and headed to the city in search
of employment due to Syria’'s economic stability and the
general improvement in wages and salaries. This trend
became especially conspicuous during the three-year
drought period from 2008 to 2010 [13], leading to tens of
thousands of people migrating to urban areas in pursuit of
appealing job opportunities [14].

With the onset of the crisis in Syria, social conditions
began to change dramatically. Ghab Plain, which is char-
acterized by its social and religious diversity and strate-
gic location, connecting the Syrian coast with the interior
through a series of coastal mountains, became a con-
tested area during the war. The inhabitants experienced
a lack of security and stability, leading to significant soci-
etal transformations. Many locals actively participated
in the war, primarily to defend their villages and homes,
while others relocated to safer areas, one of the interview-
ees says “The onset of the first attacks in Jisr Al-Shughur in
the western Idlib countryside led to a complete change in the
situation in all villages in Ghab Plain. You know, how things
went on that side of the plain. Popular committees were
formed in each village with government support, and many
young men joined fighting camps based on their religious
and ethnic affiliations’”.

The instability in Ghab Plain led to several difficul-
ties, including transportation disruptions, the inability
to access agricultural lands, and occasional interrup-
tions in education due to the inability to reach schools.
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Fig. 1: Al-Ghab plain map with Orontes River stream Channels through
the plain

BASE MAP WAS SOURCED FROM OPENSTREETMAP.ORG
Fig. 2: Digital Elevation Model for AL-Ghab Plain.
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Fig. 3: Summary of interview results into four key subjects, and specific
topics discussed by the interviewees
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As detailed by one of the interviewees “Agricultural pro-
duction in Ghab Plain declined significantly during the Syr-
ian war and getting produce to the market was sometimes
extremely challenging due to the chaos that accompanied
the conflict. not always due to the war itself, but because of
the chaos that accompanied the conflict, including incidents
of road blockades and theft at certain stages.” However,
the economic conditions for the population were not
extremely poor in terms of income, food availability, and
cost of living, even though the latter did rise because of
the war. Nevertheless, this increase was gradual until the
end of 2019 [15].

Rural families, both poor and relatively affluent, have
turned to agriculture to secure food and combat the
decline in living standards due to the depreciation of the
Syrian currency, and the decrease in salaries and non-ag-
ricultural sources of income due to inflation[16]. One
interviewee states: “Despite the war, the cost of living was
much cheaper than the current situation, and there was no
hunger. Even from an agricultural perspective, all agricul-
tural requirements were available. During 2018 and 2019, it
was believed that the war had ended and the situation in the
country would improve, but no one knew what was coming.”

After years of militarization, volatility, and insecurity,
and after many attempts to calm the situation, a long-
term ceasefire agreement was reached between the gov-
ernment and the military opposition forces stationed in
Idlib in the fall of 2019. This led to an improved sense of
security and stability in the villages of the plain, positively
influencing lifestyle patterns and the agricultural sector.
However, it did not take long before a sharp economic
downturn occurred at the beginning of 2020 due to the
spread of the COVID-1g pandemic and international sanc-
tions, especially the Caesar Act, on Syria [17]. In addition,
the Syrian economy was affected by the financial crisis in
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Lebanon in August 2019 and the bankruptcy of Lebanese
banks, which were a major means of transferring money
between Syria and other countries in light of the interna-
tional isolation of Syria. The crisis in Lebanon contributed
to the decline in the value of the Syrian pound and the
rise in prices of goods and services in Syria [18].

Despite the abatement of the military conflict, the
economic situation has not improved, and the poverty
rate continues to rise, alongside a significant drop in the
exchange rate and the country’s transformation into an
importer of basic goods in the worst economic crisis in
recent history, as reported by UNICEF [19]. Social changes
have also developed in an unexpected direction. In the
past, getting a public sector job was a dream, but now
government jobs are not desirable due to the low wages.

On the other hand, agriculture has become more
important and necessary for earning a living. Many people
in rural areas have turned away from education and pre-
fer to search for any work that can help them earn money,
such as daily wage agricultural work or professional
work. As one of the interviewees explained “Nowadays,
everyone is farming in whatever available space they can
find, not with the goal of selling the produce for profit but pri-
marily to have food to eat. The exchange rate is tragic, which
means that there is no point in pursuing an education when
your future job will not even cover the cost of feeding your
family.” Since then, a new and different hardship emerged
in Ghab Plain, characterized by rising living costs, agri-
cultural production challenges, and the availability of
production necessities, in addition to the challenges of
agricultural and support policies.

4-2- Economy and policy challenges:
Ghab Plain has 87,000 hectares of arable land available
for agricultural investment. Out of this, 79,220 hectares

4D 74, 54—63.(2024)
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<<Fig. 4: Wheat production (tons) in Al-Ghab Plain (2011-2023) [21]
<<Fig. g: Cotton cultivated area (ha) in Al-Ghab Plain (2011-2023)
Fig. 6: Sugarbeet production (tons) in Al-Ghab Plain (2011-2023) [21]
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are irrigated, with 59,955 hectares being irrigated through
government-run irrigation networks and 19,265 hectares
through wells [21].

One of the unique features of Ghab Plain was the high
percentage of strategic crops in the overall crop composi-
tion. Wheat, cotton, and sugar beet were grown on 86%
of the cultivated land in the agricultural system. Sugar
beet held relatively high national importance, as it was
grown on more than 11% of the cultivated land and repre-
sented more than 33% of the total cultivated area before
the crisis. Additionally, the region contributed to cotton
production to a lesser extent, with cotton being culti-
vated on 14% of Ghab arable land [3]. However, statistics
from the Ministry of Agriculture and Agricultural Reform
reveal a substantial decrease in Ghab Plain’s agricultural
production, pointing towards a decline in the output of
most crops, and specifically these three strategic crops
(Figures 4, 5, and 6) [21].

During the war in Syria, the lack of effective enforce-
ment of legal regulations and the prevailing chaotic condi-
tions led to the looting, vandalism, and damaging of many
pumping stations, irrigation canals, and dams. The crisis
affected the infrastructure of irrigation canals that are the
cornerstone of agriculture in the plain: five dams and col-
lection points were subject to demolition and destruction
in the plain. According to Haj Asaad [4], the water volume
flowing in the Ghab Plain network fell from an annual rate
of 1.5 billion cubic meters to o.5 billion cubic meters.

In 2019, a rapid economic decline meant that farm-
ers in Ghab Plain faced high production costs, while the
cost of diesel soared, making it more expensive to oper-
ate diesel-powered pumps to irrigate crops. In addition,
the high prices have also led to a lack of quality inputs for
farmers in the Ghab Plain. This includes a lack of quality
seeds, fertilizers, feed, and other inputs that are necessary

for successful crop production. Climatic conditions and
water availability significantly influenced wheat cultiva-
tion, especially in the 2014, 2020 and 2021 seasons. This is
due to the fact that a substantial amount of wheat farming
relies on rainfall, making it a key factor in yield determina-
tion [20].

Regarding the climatic conditions, one of the inter-
viewees notes: “During the war, there was a period of
drought that required us to use four diesel pumping engines
to transfer irrigation water from one source to another four
times to reach our fields. Despite the challenging circum-
stances, we were able to do this at a low cost and even
gained a profit.” The Ministry of Agriculture determines
the prices of strategic crops before each season. This pric-
ing strategy is supposed to guarantee farmers a profit and
to maintain steady production. Regrettably, the substan-
tial inflation of recent years has disrupted this stability.
All interviewees state that the government’s pricing is
unjust, causing numerous farmers to avoid delivering
their wheat production to the governmental institutions.
As explained by one of the interviewees “The expense of
producing wheat is significantly high when compared to the
set price. This discrepancy is particularly noticeable as the
pricing is determined based on the average yield per area,
which is often overestimated compared to the actual yield.”

As for cotton and sugar beet, which are solely mar-
keted to state institutions, this pricing policy holds
greater importance and serves as a crucial factor in deter-
mining whether farmers decide to grow these crops. Cot-
ton production has experienced a sharp decline since the
onset of the crisis in Syria, especially in Ghab Plain [21].
The primary cause of this decline is the inadequate avail-
ability of water resources for irrigation, since cotton
requires a significant amount of water. On the other hand,
Ghab Plain in Syria was a significant contributor to the
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nation’s sugar beet production, accounting for about a
third of the total cultivated area. Tal Salhab sugar fac-
tory, located in the Ghab Plain, ceased sugar production
in 2014 and instead began supplying sugar beet as feed
to the General Fodder Corporation. In the 2016, 2017, and
2018 seasons, the plain was the only agricultural system
in Syria where sugar beet was cultivated.

With the beginning of the economic collapse in 2020,
the increase in the cost of imports, and the shortage of
foreign currency, the government tried to encourage the
return of sugar beet cultivation. The purchasing price was
raised, and Tal Salhab factory resumed operations in the
2022 season. However, the revival was short-lived due
to high operating costs, as well as the poor quality of the
crop supplied to the factory due to adverse weather condi-
tions that caused fungal diseases. During the 2023 season,
the persistent inflation and delayed payments compelled
many farmers to sell their crops directly to sheep farm-
ers. As one interviewee explained “Currently, sugar beet
farmers are experiencing the biggest losses in their history.
The transportation costs of the crop are high, and the recep-
tion of the crop at the factory is very slow. However, sheep
farmers have a favorable opportunity to purchase the crop
directly from the farmers at a price of 500 SP as feed. This is
a better option for them since the price of a kilogram of hay,
which they usually rely on, is 8oo SP”

Similarly, when discussing fuel, it is worth noting that
the Syrian government has lost access to its oil resources,
except for a portion of natural gas. Currently, Syria relies
on imports from other countries to meet its fuel and oil
derivative needs. The surge in fuel prices has led to a com-
prehensive increase in the cost of production necessities,
including the operation of agricultural machinery used
in farming, land preparation, harvesting, and transport-
ing produce to the market, as well as the cost of pump-
ing irrigation water [22]. The issue is not limited to price
increases, but also extends to the reduction of allocations
distributed by government entities. A new struggle has
emerged concerning the adequacy of allocated quantities,
and securing them has become a major challenge for farm-
ers, threatening their ability to continue the production
process. This has forced many farmers to purchase fuel
at parallel free-market prices. Agricultural materials, like
fuel, are procured through imports, which is reflected in
their prices and the quantities available for subsidies, par-
ticularly in light of the depreciation of the Syrian pound.

The livestock industry has been severely impacted by
inflation and the surge in prices. Numerous animal feed
production facilities have been forced to cease operations
due to the prohibitive costs of fuel. This has led to a sig-
nificant reduction in the production of local feed, forc-
ing livestock breeders to resort to more costly imported
alternatives. Consequently, many breeders have suffered

financial losses. As one of the interviewees states “There
is a significant disparity between the cost of animal feed and
the market prices for milk. This discrepancy has forced many
dairy farmers to sell their cows due to the high cost of con-
centrated feed.”

The absence of favorable market conditions is another
issue that arises for many crops. This is mainly due to the
lack of proper price regulation, which has made prices
vulnerable to market fluctuations and supply and demand
dynamics. As a result, farmers feel insecure, which has
negatively impacted production, continuity, and the qual-
ity of the crops they grow. In this context, the government
is trying to allow exports in cases of surplus production of
a certain crop, aiming to secure the sale of the surplus and
ensure the profitability of the farmer. However, this policy
raises market prices at a time when citizens are suffering
from a decrease in living standards. As such, it is not an
ideal policy under the current circumstances.

Taking the above information into account, the gen-
eral timeline of the Syrian conflict can be categorized
into three phases: The first phase, lasting from 2011 to
2016, was characterized by war and military operations
as the primary factors leading to the decline in agricul-
tural production. In the second phase, between 2016 and
2019, there were signs of returning economic stability as
the Syrian pound remained relatively steady, fluctuating
at approximately 500 pounds per dollar [18]. This stabil-
ity was influenced by the limited intensity of the ongoing
conflicts and consistent trade interactions with Lebanon
[18], [19]. In the third phase, from late 2019 to the present,
an economic downturn in Syria and Lebanon has become
the predominant cause of agricultural decline.

4-3- Adaptation
Farmers across Syria have been grappling with numerous
economic and security challenges that have significantly
reduced their productive capacity. Two of the interviewees
mentioned “In order to adapt to the difficult circumstances,
many of farmers in Ghab Plain have shifted their focus
towards wheat cultivation, as it serves as a fundamental food
source under the current conditions. Additionally, wheat also
provides straw, which is essential for livestock rearing.”

In the sugar beet season of 2022 and 2023, many farm-
ers planted it in response to government incentives and
in the hope that the sugar factory in Ghab Plain would
resume operations after a seven-year hiatus. Unfortu-
nately, as previously mentioned, these expectations were
not realized, leading to significant losses for the farm-
ers. One interviewee pointed out that the same situation
occurred with lettuce, carrots, garlic, potatoes, and other
crops. This was due to market instability in abundant
seasons when prices were left to the forces of supply and
demand, leading to a significant price drop. Consequently,
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farmers suffered losses, which led them to either stop pro-
ducing these crops or reduce the planted areas as a reac-

tion. However, their cessation of production later resulted
in a price increase for these crops in the following season.

In the context of adaptation, it is worth focusing
on methods to mitigate the negative impact of poverty.
Regarding the current conditions, in which Syria’s popu-
lation is suffering from deprivation and a decline in living
standards, the rural population may be fortunate because
they have the opportunity to secure some income alterna-
tives and adjust their livelihoods due to their proximity to
nature and access to additional resources that city dwell-
ers cannot obtain. For this reason, numerous rural house-
holds are striving to enhance their farming practices and
diversify their crop cultivation with the aim of maximizing
production to help meet their food needs either entirely or
partially, from the vegetables and crops they can produce.

Given the loss of extensive agricultural production
due to high costs and water scarcity, numerous families
are turning to small-scale farming. They are planting
a variety of crops in smaller areas to ensure their basic
needs are met from their own yield, and then they sell any
excess produce. This is a particularly common strategy
among those who do not have sufficient access to water
for large-scale production. One interviewee elucidates
this: “A farmer who suffers a loss in one season will not farm
in the same way the next season because his expectations
will be lower. He will cultivate a smaller area or perhaps
shift to another crop.” Another interviewee notes: “Except
for wheat, farmers cannot produce on large scales under the
current conditions. Many cannot bear the burdens of irriga-
tion and fertilization.”

Therefore, many have had to change their lifestyle and
adopt a new method based on what we may call family
self-sufficiency, where they strive to secure as much as
possible of their food requirements by working on their
land. We discussed this point with the interviewees, and
they expressed similar opinions despite their differing
ages and social positions. “We are all poor now regardless
of the previous financial situation, except for the rich who
have other sources of income such as trade or those who
own wealth through inheritance” one of the interviewees
commented.

On the other hand, the lack of water and the high
cost of water pumping have led many farmers to plant
water-efficient crops, such as legumes, which also do
not require much fertilization. The assumed strategy
also includes a shift towards raising domestic poultry for
self-sufficiency in eggs and chicken meat, which is an
additional relative advantage for rural residents com-
pared to city dwellers.

In addition to domestic poultry, many rural families
strive to own one or two dairy cows, as it is not difficult

61

to secure feed for them and they can meet the family’s
milk needs, while also retaining the possibility of sell-

ing any surplus. Here, we recall the Syrian rural popula-
tion’s view of a steady job before the crisis, which was

a dream for the majority. But under the current circum-
stances, the dream has changed and perhaps now revolves
around owning a dairy cow. This is not only because it has
become more viable than a job, but also because it gives
rural families a sense of income security. In fact, a clear
change can be diagnosed in the rural community from this
perspective. Rural residents feel distinguished from city
dwellers who have become less capable of easily secur-
ing such resources as milk, eggs, and vegetables. Further-
more, many farmers are venturing into beekeeping as an
additional source of income with relatively low costs. On
a related note, the reduction in heating allowances from
subsidized diesel has led to a bigger problem for city res-
idents than for rural residents who have been relying on
alternatives such as tree branches, pruning residues and
firewood operations, or even buying firewood, which is
cheaper than diesel.

These and other adaptive methods are being adopted
by rural families in Ghab Plain to alleviate the burdens of
life in the current situation. These methods may be
similar to those in the rest of rural Syria, except for differ-
ences in climate, which consequently leads to variations
in the resources that rural people strive to exploit to
the maximum possible extent. This raises the question
about the abundance and resilience of these resources in
the future. This issue may be important particularly
in rural areas where residents rely on gathering
wild medicinal and aromatic plants as a source of
livelihood.

4-4- Resilience prospects
In the context of discussing the potential for resilience,
it is important to consider the exploration of alterna-
tives to costly agricultural inputs, particularly those that
are imported. Organic fertilizers are a cost-effective
alternative to traditional mineral-based fertilizers [23].
By using animal manure, farmers can create fermented
organic compost, which not only significantly improves
the quality of the soil but also provides a balanced sup-
ply of essential nutrients for plant growth. In the villages
of Ghab, local compost is viewed as a valuable resource.
Often, farmers who do not have their own livestock
purchase this compost as a cost-effective substitute for
the more expensive traditional fertilizers. This suggests
that organic fertilizer production units could be benefi-
cial, since they offer various organic combinations of the
essential plant nutrition elements. These fertilizers would
help maintain soil organic matter levels and promote
microbial activity within the soil.
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On the other hand, the concern about the high cost of
imported feed for livestock owners is indeed significant.
Therefore, securing local alternatives is crucial to allevi-
ate these burdens and costs. The Ministry of Agriculture
is striving to reduce dependence on imports by incentiv-
izing the expansion of cultivated areas for certain funda-
mental fodder crops like yellow corn. This is facilitated
by the ministry’s strategy of establishing a high purchase
price for these crops, as set by the General Establishment
for Fodder.

Indeed, the production of this crop in the 2022 season
increased to approximately 500,000 tons at a national
level [24]. Regrettably, the circumstances did not progress
as the farmers had hoped: they were looking forward to
significant profits after the Ministry of Agriculture’s prom-
ises. The issue is that yellow corn is typically quite moist
when harvested, and requires a drying process. However,
due to the war, the public sector struggled with a lack of
drying equipment. This has led to the responsibility of
drying being shifted onto the producers, creating substan-
tial difficulties for them.

It is evident from the last point that farmers face a
fundamental issue, which is uncertainty about profits due
to the poor management. One potential solution might
be found in implementing contract farming, which is a
partnership model between producers and buyers [25]. In
this model, the buyer enters a contract with farmers to
produce a specific quantity of a crop with certain spec-
ifications, often including a fixed purchase price in the
contract [25], [26]. This arrangement can offer farmers a
guarantee of income and mitigate market risks, besides
providing production necessities, guidance, and financing.
It aids in minimizing intermediation between farmers and
buyers, while also acting as a mechanism for enhancing
marketing, supports producers in accessing markets, and
offers a solution to market challenges [25].

The government has made efforts to ease the condi-
tions for agricultural investments by providing tax and
customs exemptions, as established in Investment Law
No. 18 of 2021 [27]. This law provides a perpetual tax
exemption amounting to 100% of income tax for projects
involved in agricultural and animal production manufac-
turing, as well as for agricultural marketing companies
that are involved in sorting and packaging agricultural
products. When discussing agricultural manufacturing,
it is arguably of paramount importance. By utilizing food
product manufacturing facilities, it is possible to accom-
modate surplus production. This approach can help miti-
gate marketing challenges, stabilize the market, and fos-
ter greater stability.

Undoubtedly, for Ghab Plain, water resources are vital
for expanding the cultivated area and enhancing irri-
gated production. The repair of pumping stations and the

restoration of war-damaged dams should perhaps be pri-
oritized. There are three reservoirs that remain outside
the government’s control on the northern fringes of the
plain, adjacent to Idlib. The Ministry of Water Resources is
undertaking the rehabilitation of the Apamea water pro-
ject that irrigates 6,500 hectares. The rehabilitation has
resulted in the reclamation of 3,000 hectares from this
area in the agricultural plan for 2024 [28].

Given the limited resources, this rehabilitation effort
is commendable but insufficient to restore agricultural
production in the plain to its former levels. The total irri-
gated area in Syria declined by an average rate of -23%.
Conversely, modern irrigation methods, particularly drip
irrigation, increased by 25% in the second period [21].
This is primarily due to a water use rationing policy that
provided interest-free loans to farmers who adopt these
systems. This policy can be critical in the current circum-
stances of water scarcity and infrastructure damage.

5- CONCLUSION
This study has explored the current state of agricultural
production in the Ghab Plain of Syria and the ways in
which rural livelihoods are adapting to changes during
the Syrian conflict. The in-depth interviews with key par-
ticipants revealed a significant decline of the agricultural
system in Ghab Plain. Multiple factors have contributed to
this decline, most notably damage to irrigation infrastruc-
ture during the conflict, increases in production costs,
shortages of agricultural inputs, and inadequate govern-
ment policies related to crop procurement prices. As a
result, many farmers have shifted to smaller-scale culti-
vation of diverse crops for household self-sufficiency and
raising domestic livestock like poultry and dairy cows.
To enhance the resilience of agriculture in Ghab Plain,
potential strategies include promoting organic fertiliz-
ers, increasing local production of animal feeds, imple-
menting contract farming arrangements, and improving
government price regulation. Repairing damaged irriga-
tion infrastructure is also critically needed. This study
demonstrates how the rural community in Ghab Plain is
adapting agricultural livelihoods to mitigate the effects
of economic hardship. It highlights the challenges faced
by farmers and provides insights into policies that could
enhance agricultural production. However, there is a need
for further investigation. Comparable studies could be
carried out in different farming regions of Syria, allowing
for a comparison and differentiation of the problems and
solutions identified in this case study. ©®
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A case study of Zhengzhou City, China
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ABSZTRAKT zoldinfrastruktira elsdsorban 6sszekotd szerepet tolt be.
A véaroskornyéki zoldinfrastruktira (PUGI) a varosi prob- Ezek az eredmények kiegészitik a PUGI morfoldgiai jel-
lémak kezelésének egyik eszkoze. A tanulmany célja lemz6inek elméleti megértését, és a PUGI optimalizalasa-
a varoskornyéki tertiletek (PUA) azonositésa a Jenks- hoz nyidjtanak segitséget a tervezék szamara.
féle természetes torések modszerével, valamint a PUGI
morfoldgiai térbeli mintazatainak elemzése. A tanul-
manybdl kidertil, hogy a peri-urban teriiletek tobbsége
a varosi régiok peremén talalhatd, kisebb résziik pedig
a vidéki hatorszagban. A PUA-kon beliil a PUGI a teriilet
tobb mint felét foglalja el, a félig természetes varoskor-
nyéki zoldinfrastruktira dominans, mig a természetes

Kulesszavak: varoskornyéki zéldinfrastruktura,
varoskornyéki tertiletek, morfoldgiai térbeli mintdzatok
elemzése, foldhaszndlat ©
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Figure 1: Location, administrative boundaries, and remote sensing

image of Zhengzhou

ABSTRACT
Peri-Urban Green Infrastructure (PUGI) is one of the tools
for addressing urban issues. This study aims to identify
Peri-Urban Areas (PUAs) using the Jenks natural breaks
method and to analyze the morphological spatial patterns
of PUGI. The study reveals that most PUAs are situated
on the outskirts of urban regions, with a smaller portion
located within rural hinterlands. PUGI occupies over half
of the land within PUAs, with semi-natural PUGI holding a
dominant position, while natural GI primarily serves as a
connector. These findings complement theoretical under-
standing of PUGI's morphological characteristics and pro-
vide insights for planners to optimize PUGL

Keywords: peri-urban green infrastructure, peri-urban areas,
morphological spatial pattern analysis, land use

INTRODUCTION
Under the influence of global urbanization, peri-urban
areas (PUASs) are emerging in an increasing number
of countries, and can be found in many large cities in
China. PUAs are typically defined by their characteris-
tics [1, 2]. Geographically, they constitute a transitional
zone between urban and rural areas [2]. Functionally, they
encompass urban and rural domains [3]. Demographically,
PUAs tend to have population densities higher than rural
areas but lower than urban areas [4]. Previous research
on PUAs has primarily focused on ecological environ-
ment, spatial morphology, and land use. Since the extent
of PUASs often exceeds administrative boundaries [5], the
spatial identification of PUAs is a prerequisite for study-
ing them.

In recent years, green infrastructure (GI) has gained
favor among policymakers and urban planners, becom-
ing one of the tools for addressing urban challenges. This
study defines GI as “a strategically planned network of
natural and semi-natural areas with other environmental
features designed and managed to deliver a wide range
of ecosystem services” [6]. China's efforts in building GI
are primarily reflected in urban green spaces, sponge
cities, ecological corridors, and ecological agriculture.

According to the 2019 Third National Land Survey of
China, GI accounts for 78.83% of the country’s land area.
However, urban green spaces, which are the main type
of GI in urban areas, only cover 0.35% of China’s total
land area [7]. A significant amount of GI still exists in
peri-urban and rural areas.

However, due to insufficient infrastructure or
improper planning, the Peri-Urban Green Infrastructure
(PUGI) is susceptible to adverse impacts [8]. Compared to
urban areas, PUAs have more available space for GI plan-
ning. Therefore, it is necessary to identify and conduct
spatial analysis of PUGI. Previous research has predom-
inantly focused on urban GI, with studies on PUGI being
relatively scarce. There remains a gap in quantitative
studies on PUGI.

Based on the aforementioned research background,
this study aims to identify specific PUAs and quantita-
tively analyze the types and morphological characteristics
of PUGL Through a case study of Zhengzhou, China, this
research hopes to provide insights for future studies on
the identification and evaluation of PUGL

MATERIALS AND METHODS

Study area
Zhengzhou, located in the central region of China, is a
significant provincial capital covering an area of 7565 km?.
The topography of Zhengzhou generally trends from
higher elevations in the southwest to lower elevations
in the northeast, and the region experiences a temper-
ate continental monsoon climate. As of the end of 2020,
the permanent resident population of Zhengzhou totaled
12.6 million, with an urbanization rate of 78.4% [g]. As
research units, this study utilized the smallest adminis-
trative boundaries in Zhengzhou city, namely villages and
neighborhoods, totaling 2461 units (Figure 1).

Data
This study employed multiple data sources. Impervious
surface data comes from the 2020 Global 3om Resolu-
tion Impervious Surface Dataset [10]. Impervious surfaces
refer to surfaces that prevent water from penetrating into
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Indicator Description Weight

Proportion of impervious surface (PIS) The proportion of impervious surface area to the total area of each unit. 0.1460
Nighttime light intensity (NLI) The mean value of the nighttime light intensity within each unit. 0.3171
Proportion of built-up land (PBL) The proportion of built-up land to the total area of each unit. 0.1244
Population density (PD) The population within each unit divided by its area. 0.4125
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the ground. They can be used to characterize the extent
of human activity and economic development. Land use/
land cover data (3om x 3om) encompassed five land
types: agricultural land, forest land, grassland, water sur-
face, and built-up land (including urban land use, rural
residential areas, and other constructed land) [11]. Night-
time light data can reflect the economic level of differ-
ent regions and originates from an extended time series
(2000-2018) of global NPP-VIIRS-like nighttime light data,
with a spatial resolution of 500 meters [12]. Population
data is sourced from China’s seventh national population
census [13]. The administrative boundary data is obtained
from the National Platform for Common Geospatial Infor-
mation Services.

Identification of PUAs

Considering the characteristics of PUAs and drawing
upon existing research, this study selected four indica-
tors to identify PUAs (Table 1). The study is based on the
assumption that larger values of these indicators indicate
more pronounced urban features, while smaller values
suggest more pronounced rural characteristics. PUAs are
characterized by indicator values that lie between urban
and rural areas. The study standardized the indicator
value using the range method.

The ‘Zonal Statistics’ tool in ArcGIS 10.8 was employed
to calculate these indicator values by unit (Figure 2).
Next, we used the entropy weight method [14] to deter-
mine the objective weights of each indicator (Table 1), and
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calculated the composite indicator values for each unit
(Figure 3). The formula is as follows:

C= Z Wi Xj (1)

Where C is the value of the composite index, w; is the
weight of the ith indicator, x; is the standardized value
of the ith indicator, and n is the total number of indica-
tors [15].

Finally, the Jenks natural breaks method is used
to categorize these units into three classes based on
their composite index values, which can be achieved
using ArcGIS 10.8. This method determines thresh-
olds based on the inherent characteristics of the
data to achieve a rational classification [16]. The cat-
egory with composite index values falling in the
middle range is defined as comprising PUAs.

Morphological spatial pattern

analysis (MSPA)
Based on the definition of GI and the land use/land cover
data, we consider agricultural land, forest land, grassland,
and water surface as GI in this study. We categorize PUGI
into two types, based on the degree of naturalness. The
first type is natural PUGI, which includes natural forests,
natural grasslands, and natural water surfaces. The forma-
tion and development of natural PUGI have experienced
minimal human interference. The second type is semi-nat-
ural PUGI, which is formed and maintained by human
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<<Figure 2: The indicators used to identify PUAs in Zhengzhou City
Figure 3: The composite index of each unit in Zhengzhou City
Table 2: Description of some foreground classes in MSPA
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activities. This category includes agricultural land, artificial
forests, artificial grasslands, and artificial water surfaces.

Subsequently, we utilized the Guidos Toolbox to con-
duct MSPA on PUGI. MSPA is employed to detect morpho-
logical features of images and categorize them into seven
morphological types: Core, Islet, Loop, Bridge, Perforation,
Edge, and Branch [17]. Among these classifications, we
selected Core, Bridge, and Islet, which correspond to the
core areas, corridors, and stepping stones of the GI net-
work, for analysis (Table 2).

Before conducting MSPA, it is necessary to reclassify
the land within PUAs in ArcGIS 10.8. The selected land
types designated as GI were reclassified as foreground,
while built-up land was reclassified as background. Sub-
sequently, the reclassified image was imported into the
Guidos Toolbox, where an eight-neighbor analysis method
was chosen. The edge width was set to a maximum value
of 10, and the transition was set to 1 to obtain distinct
bridging areas. The intext was set to o to avoid distin-
guishing between inner and outer landscape types. Once
the setup was complete and the final classification results
were obtained, the results were subsequently further
analyzed according to the classifications of natural and
semi-natural GI.

RESULTS AND DISCUSSION

Identification results of PUAs
The classification results indicate that the range of com-
posite indicator values for PUAs is between 0.0927 and

0.2148. PUAs encompassed 468 units, covering an area

of 1215.15 km?, representing 16.06% of the total area of
Zhengzhou. The composite index values for urban areas
range from o.2155 to 0.7192, while those for rural areas
range from 0.0005 to 0.0926. Urban areas constituted the
smallest portion, encompassing 352 units and occupying
an area of 8go.g6km?. Rural areas comprised 1641 units
with a total area of 5458.75km?2.

Figure 4 shows that most PUAs are distributed around
urban areas and serve as connectors between adjacent
urban patches. In addition, some PUAs are scattered
throughout rural areas. The spatial distribution of PUAs
is also associated with the topography of the study area.
Compared to the mountainous regions in the southwest,
the flat areas in the northeast contain a higher concentra-
tion of PUAs. The geographical distribution of PUAs aligns
with previous research [2, 5].

Types and characteristics of PUGI
After extracting PUGI, we found that it covers an area of
660.25km?, accounting for 54.33% of the total land area in
PUAs (Table 3). Within PUGI, semi-natural PUGI benefits
from extensive agricultural land, occupying as much as
94.66% of the total PUGI area. Similarly high proportions
of agricultural land in PUAs have also been demonstrated
in other Chinese cities such as Xi'an [18] and Changchun
[19], as well as in Western cities like Rome and Fiumicino
[20]. Besides agricultural land, forest land has the larg-
est area in the semi-natural PUGI, with grassland having
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the smallest area of coverage. Natural PUGI covers only
35.26 km?, with the largest area being water surfaces and
the smallest area being forest land.

In terms of categories within PUGI, semi-natural for-
est land far exceeds natural forest land in area. Most of
these semi-natural forests are adjacent to urban areas.

A significant portion consists of parks converted from
natural forests, providing recreational and cultural ser-
vices. The remaining smaller portion consists of artificial
green spaces created from other types of land. Natural
forest land is primarily located in areas adjacent to rural

[ IUrban areas
N PUAS
| Rural areas

regions. The proportion of natural and semi-natural grass-
lands is similar. Regarding water surfaces, natural water
surfaces slightly outnumber semi-natural ones (Figure 5).

Morphological spatial pattern of PUGI
As shown in Table 4, the Core area is consistently the
largest across all PUGI types, with the Core area of agri-
cultural land far surpassing that of other land types,
indicating the paramount importance of agricultural land
within PUGI. This viewpoint has also been corroborated in
numerous studies [21, 22]. Agricultural land also exhibits
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<<Figure 4: Identification results of PUAs and remote sensing maps

of case units from Google Earth
Table 3: The area of each category of PUGI
Figure 5: The distribution of each type of PUGI

Table 4: Areas of different morphological spatial patterns of PUGI

Category Agricultural land (km?) Forest land (km®) Grassland (km?®) Water surface (km®)
Natural GI - 5.30 8.47 21.49
Semi-natural GI 573.36 25.35 8.87 17.41

0 510
I |

Legend Natural grassland

Agricultural land []Semi-natural grassland
I Natural forest land Natural water surface
[ Semi-natural forest land [ Semi-natural water surface

the largest Bridge area, with relatively few Islets, reflect-
ing a high degree of connectivity among agricultural land
patches. The Core area of forest land is second only to
that of agricultural land. There are relatively few Bridges
and many Islets within the forest land, indicating a low
degree of connectivity between it and other Cores. The
proportions of Cores, Bridges, and Islets in grassland are
relatively similar. As for water surfaces, the area of Islets
is the largest among all categories in PUGIL.

Next, we conducted MSPA on both natural PUGI and
semi-natural PUGI, and used the central urban area as

Morphological Core Bridge Islet
spatial pattern (km?) (km?) (km?)
Agricultural land 273.87 67.27 432
20 km Forest land 11.97 248 5.23
Grassland 484 2.53 2.79
Water surface 11.58 531 7.49
Natural PUGI 8.45 7.71 412
Semi-natural PUGI 22.00 3.43 6.91

an illustrative example (Figures 6, 7). The results indi-
cate that semi-natural PUGI has more Cores and Islets
than natural PUGI but fewer Bridges. This phenomenon
suggests that semi-natural PUGI dominates within PUAs,
while natural PUGI primarily serves a connecting role
(Table 4).

CONCLUSIONS
This study quantitatively delineated PUAs and extracted
PUGI for MSPA. The findings indicate that in Zhengzhou,
most PUAs are located on the urban periphery, while a
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smaller portion are situated in the rural hinterland. PUGI
encompasses over half of the land within PUAs. Semi-nat-
ural PUGI, primarily consisting of agricultural land, sig-
nificantly exceeds natural PUGI in area. In the PUAs,
semi-natural PUGI predominantly takes the form of Cores,
playing a dominant role, while natural PUGI primarily
serves a connective function through Bridges.

This study offers a straightforward and efficient
method for identifying PUAs, which could be readily repli-
cated in other regions. Moreover, the morphological anal-
ysis of PUGI underscores its significance and elucidates

Legend
PUAs
I Core
Il Bridge
I (slet

Legend
PUAs
I Core
Il Bridge
I slet

the roles played by different types of PUGL These findings
are instrumental in raising awareness among policymak-
ers and planners regarding the importance of PUAs and
provide valuable insights for optimizing PUGI. ®
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Figure 6: MSPA results of natural PUGI in the central urban area

of Zhengzhou

Figure 7: MSPA results of semi-natural PUGI in the central urban area

of Zhengzhou
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