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Abstract

Background and Obijective: Urban expansion causes fundamental changes in the ecological
landscape structure and function and a gradual change in the spatial structure and pattern of the
landscape. Due to the importance of understanding the components of urban environment and how to
understand the interactions between these components, the aim of this study is the urban-rural gradient
analysis of Tehran using landscape metrics to quantify the landscape pattern.

Method: Research data were collected in 2019 and the combination of gradient analysis and landscape
metrics has been used to quantify the pattern of Tehran landscape. Land use maps of Tehran were
classified using Landsat 7 and 8 satellite images related to 2008 and 2018 in ENVI 5.3 in categories of
built-in land, open land, vegetation land and water. For the gradients analysis, a number of 4kmx4km
transects were designed in the four main directions, and passing through region 12 of Tehran. To
calculate the mestrics of Number of Patches, Patch Density, Edge Density, Percentage of Landscape,
Mean Patch Size and Mean Shape Index on both landscape and class levels used the moving-window
technique.

Findings: From 2008 to 2018, urban development has increased the Patch Density in the landscape.
So in the central transect the continuity of the landscape has decreased and the fragmentation of the
structural components has increased. At the level of the landscape, the Number of Patches and the
Edge Density have increased dramatically. However, the Mean Patch Size and the Mean Shape Index
have decreased. At the class level, the Mean Patch Size of open lands and built-in land has increased.
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Discussion and Conclusion: Along transects in addition to land use changes, Shape and Patch
Density have also changed, and the process of these changes along transects is different. The
percentage of built-in lands is the dominant matrix in transects near the commercial center of Tehran,
and the area of vegetation lands and water has decreased from 2008 to 2018.

Keywords: Urban-rural Gradient, Landscape Ecology, Landscape Metrics, Tehran Metropolitan.
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Figure 1. Research process
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Figure 2. Land cover maps and transects through the metropolis of Tehran in 2008 and 2018

s 55 e (15 Jle 4 55 oSl Jsbo 5o
Aols b C1yiSy Sygo 4 VoA L S ni e (slors
g Olpe 4l 50 wloe GRIBl g ReghS Y
3lealol 55 098 g 00938l (SienS w2 5l liee 4 9 (1l
ST 68 Sl et b (s yashS 17 oLl
saSuly Jsb 50 o agw 1ol Lials Wy, basd
Job o o)l elaie Wy, beas) (ST g 4 S e
VEoalols b least o515 s a5, oSy
YE LY alols 5l osleiSy ctals W, o yesks
S5 o 835 e Sl 4 5, o oS5 a5 saskS
X RANES R CEUUE S N RO
4 55 ek VF bl b laas) 015 ot 4 3550 sl
w2 5l sl S e bl pel al &5 ol als
Jsb 5o bast o515 YA Jl s il oo Sisens
Oype 4§ gk S WY alolb U Jlod 4 35 50 lac Sl s
WS1F oz 4 35 e sleSulls Jsb o aile 2l
olBl CSESs Heb 4 6yesk S VY Alol b3S e 5l Leasd
oSl Jsb 53 wgioe (Jo5 of Wgy s 5 w3
dob o o)l el W) beasd (ST (50 a4 S,
)l (S8 Wy, LSt o135 08 4 S e slac Sl

¥ Jso2)
Jlo 53 Gemirm Slosm g 5> & ST i polis

5 550 31l 4 550 Sp3ee Slo Sl Jobo o T oA

Voo h Jlo )0 Heojw Sloww s jo baaSd slows Ol s
W ool b 35, 5l Jlad 4 35, oSl Jsb o
S oYh easas (las oS andls (Ll sy, (s teskS
Jlods o 0uls Culan sloa Sl oy (K oo
Ngy SregkS A Aol U iogizr Cooms ay S50 5l il e
SenS @2 5 28l g 69 SIS Foei 0 VL
0 55 g cSudly sb o 0,5 o)l Sl s pl Job 4o
WY alols 51 s amil mll o jmeskS A alols b 5,0
oo 5l el e 4 a5 koo SR8 W) (nl 5 eskS
3l alold (iolBl b o e o 4y 55 0 5l il 0 (KuS
Slaw (6 ymoskS Vo alold o adly Sl cliial 4 55 50
3 omels g (Swgn Sl a0 b e SralS easd
ABIS 55 3 ) 58,5 ol b ) (oS o0
55 y0 el Jsb 3o YA Jlo 55 058 oo sanlioe (43
a3l laaS) slaws 55 e 3l o yteskS VY alols b Lo 4
o2 5l Rl g (S ol @ Glgioe &5 Whios 3L
Lol B iy oo &5 35 50 51 5,5 0)L3] laaS) _SiepS
W oalold 5l G 9 0Bboo (o2l Sjge 42 (5 eghS A
2 b Sl basd ol Sl w4 g eekS
Slows St w0 & S e 9 30 4 S e Sl Jsb

O J392) &S i G pols sl 5l Laasd




oy Bwd g uzxo (w0l VFee olo Ccliguudyl 40 o losds (o ) bxo (659095505 g pole \AF

odms olii aS ol 5leS sals aig, (g keskS YT
STy amins yolie YA Jlo 5o adlse & pgle Lil3dl
WA bl e slcSils Sk s 4
odms ol el b as wb oo ialiEl Sul 4 (6 eglS
or b oablee OISl ol o 05 Djslre e
VVIBY 51 6 yiosheS VY alols b cogiz 4y 55 50 (glacSuil s
Jdob 0o oo LS o g VPB4 JLSe s e
Som satie pli 5l ad (ST (3,0 4 S e sl Sl
aiw polie «ojf 4 35 50 SESIS Job jo g WS (ool
YY alols 5l g w8l gyeshS YA alols b ad (Sls

(V' J992) b oo ialS am 4y (5 eslS

odiaslis o5 wbos Il @ yd 4 6 ReskS Y alold
il ond ol eSaily o Soslre olie zals
ot SSL el @ gerh ad (ST i polie e
o Job )3 Sjglme Gl 5l S 2als Gl haules
seSiilys Job )0 adlioe jo55e GBS (e e
2 ) galaie Wiy ad oS15 azin polie (o 4 S e
b ad o515 amn polie (3,8 4 350 ey Jsbo
30 e B 4 LSe o e \YH/P 5l g ieslS Ve alols
e® Sondy (nl sk YE alols o (g o 0 LS
Jsb o oo Gl ad oS15 SLSU b a5 sl

Aols b ad o515 amins polie woj & 35,0 glacSl

YOA g Voo h Jlo — o) o (Gloww o 50 LesSuil 5 Job o aSd dlaai doxiaw (o085 ol —) Jouo

Table 1. Quantitative measurements of Number of Patches along transects at landscape level — 2008 & 2018
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Table 2. Quantitative measurements of Patch Density metric along transects at landscape level — 2008 & 2018
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Table 3. Quantitative measurements of Edge Density metric along transects at landscape level — 2008 & 2018
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Figure 3. Change of the Mean Patch Size metric at the class level - 2008



1AQ

e (g0 ) gt (Gloss (o3 Llwg g — (6 ped <l S1 )5 ek

Class

msi

EETE I
€D (km)

ms1

s-0-N
vl Clas
—
U
e
N~

CED (km)

YA Jlo - o5 o 50 JSC&0 25 Lo b gio dzmiaw Ol s —F JSC0
Figure 4. Change of the Mean Patch Size metric at the class level - 2018

doyd b (0 JS) wbe lBl alS b
@ 5550 VA Jle o o w53 (o) e (Slo
2l @ bape ey oAb Slib (0 (Jled Sao
bgrye (oo Slogs 20,3 (e85 2Bl oo Sl Ll
ol Bl oz G 4 S 5e 5Bl oo 5L (L3l
Voo alol I 1) i Glogms dops (pyiien ol
5o lesls plaisl 0gr a4 (655 0 cSuily b (g sglS
Job 0 w0 Bl 4 5L ol wes &
Oy Slogw 0o)d (3,80 S 4 S e Gl Sl
Pz ey Gy Slieb plo 4 S cS b pludl G2
30 ablee yho 4 SUoE S ey b Lol ws e el
Slorr 20y o G & Ty SoSady Job
TF ol b ol bW S e S i
Coows 4y S8l ol 51 o sy o0 JBla> a4 (6509l
of e Toaze (ym0slS YY alols jo cSuily (5 0y

F JS) ol oo 258l

Qo0 (i (Jlod G @ S 0 sl Sl by
O VA Jle 5o (IS s o e Sl ilg
32 el colugludl Lol a4 Glas beSuly daen
ol S OB ey e &S CSly S led
5 el bl of e o b 5L ol oSl
Job ;o cwl colopludl zhu cole o codgame
iy Slomw do)d iogiz G 4 35 0 Glal Sl
15 b s il Ul 4 55 e Cans 4y ol ludl 21|
Coons &y (5 kS VT alols 5l Sl cnl Job o ases
SeSeily Job o gl oo analS a4 5l (LAl IS e
Obedl (2Ll o Slogms 30,5 (3,8 Cons 4 35 50 Lo
2 el iy ey GO olib ple 4 cons cole
Loy i 0w a4 S oSl b
SrosheS V7 alols o cabs pldl (2l)] Gao e (Sloges
Sl (P S @ Sl Gl e Bk e

W-0-E
e Clam
Vepetaren
wian
=
o e
3
-
€50 fhm)

5-0-N
o
woa
. e
2 e
3

odeow s aa
€80 (km)

Yoo h Jlo = w5 haws 53 (o yawr (Glosw a0 30 dziow Ol gt —0 S

Figure 5. Change of the Percentage of Landscape metric at the class level — 2008




Oy Bws g uxo cp ol

VP oo olo Caligud,l e o)loud o ) buxo (55919550 g pole 4.

W-0-E

s Claws

Veoetaen

o e
3
&

o

QU A SR I SR SR S
CBD (km)

PLAHD

5-0-N
. Class
Vegstan
i
e
-
CBD fkm}

VA Jlo — (o5 gl 53 (0 pow Slosew 9030 dmiows Ol puodi -7 S
Figure 6. Change of the Percentage of Landscape metric at the class level — 2018

Sglme Gl s 4 v9d e Sl (655 0 eSS )
5 DRl (Siwsey Ol Gy oSl Job yo asd
ESl Job o el andly ol (KodenS oo 5l (e
593 LY Jlo o e g Voo A Jlo o 02 g0 o
PBLS Gibs gahe g 5k slelad )l S e 5l el
Ole VAL Yoo A Jlo 51 S b ar il oo Gl
e coles 5 bl colugll gloas) coles
sl 4l alS gogam b5l ol g ol kS i
9 B3l Ged dnng ()l b sams iyl (pl oS
Job 0 s AW 58 Geejpe lorw (55501 0 Sloe
55 OT0) (LlSes 5 6,85 Shesh mls Wb o ol
alS y caloglal slaas) Siuge il 5l Sk
&S S 05k 2l s elS Gds e el
Ol oS @ azg b cales o wiliee IS SIS
Sobn 2 Jel @Sl &5 ogdoe sleiiey g9dge
Lol pleol 5 0lis 50 eeim losw 555 ooyl Cundg
o $LaS (ouliiiCaner oS sl (2l sledes nlo
Slp st Wl oo Loaidly ol 09 ealitl lgm 5 I L 4
b 3blie o (b wlie 5l 2bBli> 5 508 4l p
e bl Gl (Jl ol LS ald |
daallloe @ 5ls e Glowms 5581 Dlpnis 5 (g3l

ALl i

Reference
1. Seto, K.C., Fragkias, M., 2005.
Quantifying spatiotemporal patterns of

G5 Azl g Sy
u,u).....i Sad cabol)F sl eolasal Ty u.a‘ 5
SB3b g 6ted dnmgs (2)le e (Slomw Dk e
2 8oz Sl Jsb )0 Cy larme Sl D
50 40 e lodin Al cwyp YoYA 5 Voo A L
"5 el w0 O 5 i Slorw sl
@ 0y adllae ;o 55 (VYA o )Ken 5 gl o g5l
Sl O S 2l SS a5 Woew, e )
sl 250 gl by S e slo S s SliwnsS
byl aiboe b 698 4 yamie Sleogas sl Ll
5 Omeipm Slowm sloazin oS5 5l 45 Woged sliin
Slp el iy, SO plse a4 oling) ol bl S
o 5551 5 o Sl 5 s (FasSTy %y, Sk
oo s 0ed ooliiul (yae) e (Sloww lans ;5 (e e
E5 3 (Feti e 498y ol las (V- V4) ol e 5 S5y
o I gy 5 08 o il il (slapyguST alS
2,0 0925 oLE alisee sladisd £oi 5 (Snid el 4z
A Glas Gld AW e p Slogms <ibolS s
3 by =g el CibolS Jsb o e s Slogs LSl
A5 o s e ey sloosl 3 s Cans 4y 3550
SRSt ST S ERT-IC STt SUSRANY
Orizmed b RlPl e JB ek 4 cslepll
Lad oST5 g asd o515 g slasd s so lis zuls auslie
TR Jlo 5 b s Yoo Sl s o 55 06,5 alal
By Al VA B YA Jlo 51 IS pob &5 350

alols ax o ol o] 5 S el (ploed e 0nge oialidl



1)

e (g0 ) gt (Gloss (o3 Llwg g — (6 ped <l S1 )5 ek

10.

11.

12.

13.

as Components of Ecosystems pp 175-
189.

Gustafson, E.J., 1998. Quantifying
landscape spatial pattern: what is the
state of the art? Ecosystems 1, 143—
156.

McGarigal, K., Cushman, S. A. and
Neel, M. C., Ene, E. 2002,
FRAGSTATS: Spatial Pattern
Analysis Program for Categorical
Maps, Computer Software Program
Produced by the Authors at the
University of Massachusetts, Amherst.
Available at:
http://www.umass.edu/landeco/researc
h/fragstats/fragstats.html.

Weng, Y., 2007, Spatial Changes of
Landscape Pattern in Response to
Urbanization, Landscape and Urban
Planning, Vol. 81, No. 4, PP. 341-353.
Dai, E., Wang, Y., Ma, L., Yin, L.,
Wu, Z., 2018, ‘Urban-Rural’ Gradient
Analysis of Landscape Changes
around  Cities in  Mountainous
Regions: A Case Study of the
Hengduan Mountain  Region in
Southwest  China.  Sustainability,
Volume 10, Issue 4, 10, 1019.

Wang, M., Li, J., Kuang Sh., He, Y.,
Chen, G., Huang, Y. Song, C.,
Anderson, P. and Lowicki, D., 2020,
Plant Diversity along the Urban—Rural
Gradient and Its Relationship with
Urbanization Degree in Shanghai,
China. Forests, Volume 11, Issue 2,

10.3390/f11020171.
Municipality of Tehran, 1385, Atlas of
Tehran Metropolis,

http://atlas.tehran.ir/Default.aspx?tabi
d=165

urban land-use change in four cities of
China with time series landscape
metrics. Landsc. Ecol. 20, 871-888.
Alberti, M., 2005. The Effects of
Urban Pattern on Ecosystem Function.
Integration Regional Science Review,
168- 190.

Parivar, Parstoo, Formulating an
integrated framework for strategic
environmental assessment of urban
development plans based on resilience
thinking and the principles of urban
ecology- a case of Tehran. Ph.D.
thesis, Graduate Faculty of
Environment, University of Tehran,
1392, (In persian)

Wang, Y., Li, J., Fan, Z., Wang, X,
2008, GIS- based Urban Mosaic and
Its Gradient Analysis, IEEE, the
Second International Conference On
Bioinformatics  and Biomedical
Engineering (ICBBE 2008), Shanghai,
China.

Mokhtari, Zahra et al., Quantify the
effects of the road on the pattern of
urban landscape using gradient
analysis and metric landscape. Journal
of Geographical Research, Year 27,
Issue 1, Spring 2012, Consecutive
Issue 104.

Bouzari, Sh., Yavari, A.R., Amiri,
M.J. Urban rural gradient analysis to
identify the effects of urban
development in the Tehran metropolis
with the ecological approach of
landscape. The second international
conferees of LASE-IRAN, 2016, 26-
27 Oct., Isfahan University of
Technology, Iran. (In persian)
McDonnell, M. J., Pickett S.T.A.,
Pouyat, R.V., 1993. The Application
of the Ecological Gradient Paradigm
to the Study of Urban Effects. Humans



http://www.umass.edu/landeco/research/fragstats/fragstats.html
http://www.umass.edu/landeco/research/fragstats/fragstats.html
http://www.umass.edu/landeco/research/fragstats/fragstats.html
http://atlas.tehran.ir/Default.aspx?tabid=165
http://atlas.tehran.ir/Default.aspx?tabid=165

