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Extended Abstract

Background: Using landscape metrics allows researchers to quantify spatial patterns of
environmental elements and analyze changes in their extent across various scales. This
quantitative approach is essential for understanding how landscapes evolve over time, which
is crucial for sustainable management and planning practices. The significance of this topic
cannot be overstated, as effective landscape management can help mitigate the adverse effects
of human activities on natural ecosystems. Therefore, the primary objective of this study is to
employ remote sensing techniques to evaluate the efficiency of landscape metrics in analyzing
changes in forest areas and land cover within parts of the Northern Zagros forest region. The
Northern Zagros region is characterized by its rich biodiversity and ecological significance,
making it a vital area for conservation efforts. However, this region has also faced increasing
pressures from urbanization, agricultural expansion, and other anthropogenic activities. By
employing landscape metrics, this study aims to provide a comprehensive assessment of how
these pressures have affected forest cover and land use patterns over time. Understanding these
dynamics will facilitate better decision-making in land-use planning and contribute to the
preservation of this important ecological zone.

Methods: To analyze land cover changes over time, land cover maps for the years 1998, 2009,
and 2020 were created through a combination of supervised classification of satellite imagery,
visual interpretation of Google Earth images, and field surveys. The process began with the
acquisition of high-resolution satellite images, which were then classified using supervised
methods to ensure accuracy. The visual interpretation of Google Earth images complemented
this analysis, allowing for ground-truthing and validation of the classified data. The ArcGIS
Patch Analyst extension and FRAGSTAT software were utilized to monitor and evaluate
various landscape metrics. Nine landscape metrics were selected for this study, including four
metrics at the class level: the number of patches (NP), patch density (PD), percentage of each
class (PLAND), and area of each class (CA). Additionally, five metrics were calculated at the
landscape level: the number of patches (NP), Mean Patch Size (MPS), Shannon Diversity
Index (SHDI), Largest Patch Index (LPI), and Continuity (contag). These metrics provide a
comprehensive view of landscape structure, diversity, and fragmentation, enabling a detailed
analysis of changes over the specified time periods. The data were analyzed to identify trends
in land cover changes, focusing on the dynamics of forest areas relative to residential and
agricultural land uses. By examining these metrics over time, the study aimed to uncover
patterns that indicate the extent of landscape fragmentation and the overall health of the
ecosystem in the Northern Zagros region.

Results: The results of the analysis revealed significant changes in land cover over the study
period. At the class level, measurements of area and percentage for each land cover type
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indicated a marked decline in forest area, juxtaposed with an increase in residential and
agricultural coverage. Specifically, forest cover decreased from 78.82% in 1998 to 77.36% in
2020, reflecting an annual reduction of approximately 0.066% over the 22-year span. This
decline in forest cover highlights the urgent need for effective conservation strategies in the
region. During the same period, the data showed an increase in the number of residential
patches, rising from 13 to 17, and agricultural patches surged from 19 to 42. In contrast, the
number of forest patches decreased from 21 to 18, indicating a trend toward fragmentation of
forested areas. The patch density metric further illustrated these trends, showing an increase
across all land cover types except for forests, which experienced a decline. Moreover, the
survey results indicated an increase in both the number of patches and the Shannon Diversity
Index, suggesting greater landscape complexity and diversity. However, there was a concurrent
decrease in the Continuity Index, Mean Patch Size, and Largest Patch Size metrics, pointing
to increased fragmentation and reduced connectivity among forest patches. These findings
underscore the impact of human activities on the landscape, leading to a more fragmented and
less cohesive ecological structure.

Conclusion: The findings of this study clearly illustrate the expansion of residential and
agricultural areas at the expense of forest cover, indicating a concerning trend in the Northern
Zagros region. The reduction of forest areas signifies a loss of ecological integrity, primarily
driven by the proliferation of man-made land uses. As urbanization and agriculture continue
to encroach upon natural habitats, the fragmentation of landscapes poses significant challenges
for biodiversity conservation and ecosystem health. This study emphasizes the importance of
utilizing landscape metrics as a tool for monitoring environmental changes and guiding
sustainable land-use practices. Future research should focus on developing strategies to
mitigate these impacts, promote the restoration of forest ecosystems, and ensure that
development efforts are balanced with environmental conservation. By prioritizing sustainable
management practices, it is possible to preserve the ecological integrity of the Northern Zagros
region while accommodating necessary human activities.
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Figure 2. Land cover maps of 1998 (a), 2009 (b), 2020 (c)
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Table 2. The results of the land cover map accuracy assessment in the investigated times
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Table 3. The results of the calculation of Landscape metices at class level in the investigated times
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Table 4. Land cover changes in the investigated times
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Table 5. Calculation of Landscape metices at landscape level in the investigated times

BES AYAA YV JUf s o
(2020) (2009) (1998) Metric Name/Year
(NP) asJ slass

" " 53 Largest patch Index
119.18 119.19 173.16 (MPS) 45 ejluil xSiLo
Mean Patch size

77 77.35 78.78 (LPI) & (52555
Largest patch Index

0.56 0.54 0.53 () osls g5
Shannons Diversity Index

68.49 69.72 70.53 (CONTAG) (Stuvgey (sl

Contagion

ol wu,l 5 odel Conday s @ avg b
03,8 1 LyialS 1 e YWAASITAR 5 \WYYAYAA o
Olpee & g Voo g0 o domiun (pl 4y (D Jgan)
Ol ORIBN Coge > adlie eite baS) (Siwgn
Ol ey Slows slaasd glgil (0 &S5 4S5) (sl
9 (Sugnl (Rl ©)90)d § 980 SO Hho 4 ke
Sglme ke pl oj s Sloss S5 )3 20ly 4S8 S5 2529
Oy e dayly aS) (ST L dovas (ol sl do dae b
i Slog 55 sl I (S o] Sl ol
(Martins et al., 2018, Ramezani &) .ib .o
.(Ramezani, 2021
(H) 0l 95 doxiuw Julod 9 45205

0 L AWYYY=ITRR loj 05L 50 ool Cauwddy guls
(F Jods) ool <10V B /FA 5l ol g5 Lasls yil58l
Slowwr aw > baS) (s g9 Olie Sy (R3S
S h s e (Slaww &5 Fyge0 )3 Al oo (yrojpeo
b IS b 5yl o) S5l s Jlie lgie ) aisly oS
Cope )3 g sho Jlao g8 ol Oigocpl 3 (SgSame
AS o Iy il doi cpl e asd ol il 58
Wyt picxen [(Ramezani & Ramezani, 2021)
bcslo gl sl s > gl g95 (a3 ls | ol
Oli8l Conl (Sen dm il Cglite aub slao )8
A L 1y e dont S il Gludl gl gy,)l8 g
e Lol il adlas 5yg0 ddlaie o5 sdimd L &5
Sye dilate ) di il Olise il Al by ilups:
g bas) iSly g 95 lime il3l oy lis adlllas
dibaie pojpw Hldle Cundy plplo (sl ddlaio co 50
)5S drwgs N9y S0l 9 NS Ojg0d (b Ll
Lol

ol glosz s Sl 05y (Sloges 45 1ol ]
oSl cl Jlod g (53l o8 Car (o giio (slodomin 4 5l
(Fortin et al., 2003; McGarigal & Marks, ) ol
)I ool L Oy g u]).u:.'f w0 (1995)
o1d bl (slaginghy gld fomejpm (Sloww (sladorin
Sywas g (Mirzayietal., 2013) -, Sen o ol5 500 dlon
o Sk (Nasiri & Darvishsefat, 2019) ), 4
e 2Ll 5> Oejpw Slos Sl pre g (ol

(NP) asJ 3lasi aswwws Juloxi g 49 320

Sloj 03l 3 (i Slopw glaw )3 aS s doxi
aSTAY 515 0l basd sluw iol5l 51 olis YA/ B VYYY
Joda) sl ol VAR Jlo 55 aSI VY 4 WYYV Lo o
25 b ol oyl sl oS (A5 4S5 4S5 J) s 45 (0
suon (Nasiri & Darvishsefat, 2019) ), S ¢ (5 puci
WAR VY o 5l leas) S sl opile cob 5l
Joa aShy s o) by Cumdy O3 el
5 ¥R B YA o ) gSe cloasd slass opuile ol
2 S SUF Sl ialS g 65,5liS AU slas gl
(7 o) ol Sloj 03l !
(MPS) &S0 83151 (sSito b 3 40329

AYAR B WYY ol )3 doies oyl oo aoes
Limls sl (0 Jsis) &) o)yl 5 Sike Lials 5l S
4S5 4S5 5l L5 e e Slasw o > aSd 0l (1 SSke
Martins et al., ) L,Ken o 5l .0yl oKy (Sas
il 1) 6] :Sile dn i 4 Wled,S 1l 3 (2018
5 Cool olpon (i (SAD AT AT L Grejye S M
o) (S1baST 4SS 4> o b e ioli8l asd slus
B e il (om0 3 (Bilupg 0gd iy
DS s
(LP1) a3 (02 55 32 aoians Jalos g 3 325

Oeipw Sl g ) &) (385 o (o)
Cuol dgpuiio oy (S gy (WYY=IVAR) Jloj o5l o
DSy colue Lials (0 Jado) (HuSa YA/VY=YA/- )
Lol 510,05 ¥ (e Gy (S0l 055 1 558 oS
by 4 baye adllas 3)90 adate )3 4 ()55 &S
Conl 4Bl ials adlllae 3)50 (Sloj 0jl 53 5 039 (K>
slaptdy w055 S, gals ol o5 58 oo glgie
SingliS 5 G Ssp)ls @ bl s 5 SR
SIS B edad i 09 g9dse (nl g Ml
oS 3w el b asls ol duglio bl ol by
s 15 il g (655l ¢ FoSume laaSd dlas iu38))
o 53 85 (IWVW-AAR) leoj ojl o s ey oS
P& 85 a0 1B)S B ey 090 NS
o 4S5 4S5 ) s 018 gy al58] S5 IS e yl3ee
o anlland, g0 ddlats it
(Contag)  Kiuwgn dvww Juloxi g 4 325


http://dx.doi.org/10.61186/ifej.11.22.81
https://dor.isc.ac/dor/20.1001.1.24237140.1402.11.22.2.0
http://ifej.sanru.ac.ir/article-1-500-en.html

[ Downloaded from ifej.sanru.ac.ir on 2026-02-09 ]

[ DOR: 20.1001.1.24237140.1402.11.22.2.0]

[ DOI: 10.61186/ifej.11.22.81]

av

($0ge0m8 Ja2xo g gl Clige

b aleefyn dogpte Gl ol i) S
YL Ul (il 5 b g canl Y g jegtic blis
Jolb @l 5l sl ey Sl (Silo 08 53 Ladoxin
(oo golaw )3 Cupde g Syl > Slalllas &5yl 5l
23,5 olazwl o 5 (gladlaio
dilate )3 ey Slogw gaw ) bdodin (ou)p @l
55 g ey Slows (S4B 44T ) LS (o) 3590
oW a3 i (gwyp Cusl (loj ,35 5> adlate
il g (SgSane 5 (55)sliS slaasd sl aljal I Las
ol ol dilaie > JSin sloaS) g g dlio
Jool bl p b adlate (pl > (o pde Glacsf el
2pS Oypo Kz g b Soas)e jl bles 5 Bl

VLYY o)l.«.\fl /me)b LJL» u‘))l LSL‘in‘} L?""L"“’Fy

oSl oy bls)l g adlate LS jide g ey (Sloww
sl olidpg slaanlyd 5 e
Oipe J) late odlatul pas ey p31 lale
g 5 edlatol g5 33 s o s {Makhdom, 2008)
S55wuo bl dawgi (Cuwl ALl (g0 )4 9y Loy HeuiS
i B 55 pl ) pladiges ol)) sacme) 2S5
bl oslinul I (36 e 6] 4 dgi b cplpl
Sl ooy (b 3> ooy Sloww Olyusts L ¢ynoj puo
7 Gty cang Sl B ) b SIS 2]
e Bz (gla gl pl gls Dbl e (o
b Copde s gk sslaied e gblie oLulid
Mirzayi et al, 2013;) cuwl (gyapmd (pojm
Narumalani et al., 2004; Nasiri & Darvishsefat,

5 alig 55 IS 3bls & oy 4 b 293 e ey (2019
9 $5)9liS bl yuiw dawgi I uone Copie g o)l IS (835 doma

bl it o 55 g 0D 4S5 a5 dong 0 g eyl s S b oy lows ladodi L)l Glagg cal
Gble lojl @y bbb 5 350 Ssl SSin 2 W ileieS s ol low ladomin JiE Cuenl
33,5 Cgtisndeg s oS il Al edpe)l sla K by i (o)
9 e Sl I3 &5 ool e85 )18 Dbyl 590

References

Amini, M. & Sayahnia, R. (2022). Investigation of Nazarabad County Ecological Security Based on the
Trend of Land Use Changes Using Landscape Metrics. Iranian Journal of Remote Sensing & GIS, 14(1),
107-123 (In Persian). https://doi.org/10.52547/gisj.14.1.107

Apan, A. A, Raine, S. R. & Paterson, M. S. (2002). Mapping and analysis of changes in the riparian
landscape structure of the Lockyer Valley catchment, Queensland, Australia. Landscape and Urban
Planning, 59(1), 43-57. https://doi.org/https://doi.org/10.1016/S0169-2046(01)00246-8

Arekhi, S. (2015). Application of landscape metrics in assessing land use changes’ trend by using remote
sensing and GIS case study: Dehloran desert area. Geography and Development, 13(40), 59-68 (In
Persian).

Barati, B., Jahani, A., Zebardast, L. & Rayegani, B. (2017). Integration assessment of the protected areas
using landscape ecological approach (Case Study: Kolah Ghazy National Park and Wildlife Refuge).
Town and Country Planning, 9(1), 153-168 (In Persian).

Bihamta Toosi, N., Safianian, A. & Fakheran, S. (2014). Analysis of land cover changes in the central part
of Isfahan (Iran) using landscape metrics. Iranian Journal of Applied Ecology, 2(6), 77-88 (In Persian).

Birkinshaw, J., Zimmermann, A. & Raisch, S. (2016). How Do Firms Adapt to Discontinuous Change?
Bridging the Dynamic Capabilities and Ambidexterity Perspectives. California Management Review,
58(4), 36-58. https://doi.org/10.1525/cmr.2016.58.4.36

del Castillo, E. M., Garcia-Martin, A., Aladrén, L. A. L. & de Luis, M. (2015). Evaluation of forest cover
change using remote sensing techniques and landscape metrics in Moncayo Natural Park (Spain).
Applied Geography, 62, 247-255.

Dey, P. & Mishra, A. (2017). Separating the impacts of climate change and human activities on streamflow:
A review of methodologies and critical assumptions. Journal of Hydrology, 548, 278-290.
https://doi.org/https://doi.org/10.1016/j.jhydrol.2017.03.014

Fonstad, M. A., Dietrich, J. T., Courville, B. C., Jensen, J. L. & Carbonneau, P. E. (2013). Topographic
structure from motion: a new development in photogrammetric measurement. Earth Surface Processes
and Landforms, 38(4), 421-430.

Fortin, M., Boots, B., Csillag, F. & Remmel, T. K. (2003). On the role of spatial stochastic models in
understanding landscape indices in ecology. Oikos, 102(1), 203-212.

Ghazanfari, H. (2005). Multipurpose forest management plan, emphasis on organizing and management of
pollarding in Armardeh, west of Iran (In Persian).

Ghosh, A., Munshi, M., Areendran, G. & Joshi, P. K. (2012). Pattern space analysis of landscape metrics
for detecting changes in forests of Himalayan foothills. Asian Journal of Geoinformatics, 12(1), 1-12.

Hadian, F., Jafari, R. & Bashari, H. (2016). Monitoring land use and land cover changes in Semirom region
based on spatial development and population variation using satellite data. Iranian Journal of Range
and Desert Research, 22(4), 730-744 (In Persian).

Kamal, M., Phinn, S. & Johansen, K. (2015). Object-based approach for multi-scale mangrove composition
mapping using multi-resolution image datasets. Remote Sensing, 7(4), 4753-4783.


http://dx.doi.org/10.61186/ifej.11.22.81
https://dor.isc.ac/dor/20.1001.1.24237140.1402.11.22.2.0
http://ifej.sanru.ac.ir/article-1-500-en.html

[ Downloaded from ifej.sanru.ac.ir on 2026-02-09 ]

[ DOR: 20.1001.1.24237140.1402.11.22.2.0]

[ DOI: 10.61186/ifej.11.22.81]

3ge30 dozo g 4lB3lp Olige

Karami, A. & Feghhi, J. (2012). Investigation of Quantitative metrics to protect the landscape in land use
by sustainable pattern (Case study: Kohgiluyeh and Boyer Ahmad). Journal of Environmental Studies,
37(60), 79-88 (In Persian).

Mahmoudi, H., Pir Bavaghar, M. & Fatehi, P. (2020). Deforestation Risk Zoning Using Analytical
Hierarchy Process. Geography and Environmental Sustainability, 10(3), 91-106 (In Persian).

Makhdom, M. (2008). Landscape ecology against environmental research. Journal of Environmental
Application and Science, 3(3), 147-160 (In Persian).

Mansouri, M., Badehian, Z., Ghobadi, M. & Maleknia, R. (2022). Application of Landscape Ecology
Measures in Analysis and Quantification of Land Cover in Forest Ecosystems (Study Area: Dadabad
Sub-Basin, Khorramabad City). Journal of Plant Ecosystem Conservation, 9(18), 151-172 (In Persian).

Martins, R. N., Abrahdo, S. A., Ribeiro, D. P., Colares, A. P. F. & Zanella, M. A. (2018). Spatio-temporal
analysis of landscape patterns in the Catole watershed, Northern Minas Gerais. Revista Arvore, 42,
e420407.

McGarigal, K. & Marks, B. J. (1995). Spatial pattern analysis program for quantifying landscape structure.
Gen. Tech. Rep. PNW-GTR-351. US Department of Agriculture, Forest Service, Pacific Northwest
Research Station, 1-122.

Mirzayi, M., Riyahi Bakhtiyari, A., Salman Mahini, A. & Gholamalifard, M. (2013). Investigating the land
cover changes in Mazandaran Province using landscape ecology’s metrics between 1984-2010. Iranian
Journal of Applied Ecology, 2(4), 37-55 (In Persian).

Moradi, R., Ghahramani, L., Pir Bavaghar, M. & Fatehi, P. (2009). Investigating the capability of satellite
images in the mapping of forest maps in Northern Zagros (case study: Baneh forests),. The Third
Regional Conference on Agricultural and Natural Resources Research Findings, 10 (In Persian).

Narumalani, S., Mishra, D. R. & Rothwell, R. G. (2004). Change detection and landscape metrics for
inferring anthropogenic processes in the greater EFMO area. Remote Sensing of Environment, 91(3),
478-489. https://doi.org/https://doi.org/10.1016/j.rse.2004.04.008

Nasiri, V. & Darvishsefat, A. A. (2019). Change Detection and Analysis of Land Use Land Cover Changes
Using Ecological Landscape Metrics (Case study: Arasbaran region, 1990-2014). Journal of Wood and
Forest Science and Technology, 25(4), 1-18 (In Persian) https:// doi.org/ 10.22069/ jwfst. 2019.
149441744

Ramezani, H. & Ramezani, F. (2021). Status and trend analysis in landscape pattern through field-based
sampling data. Caspian Journal of Environmental Sciences, 19(3), 469-481.

Richardson, S. D. (2008). Environmental mass spectrometry: emerging contaminants and current issues.
Analytical Chemistry, 80(12), 4373-4402.

Sayers, P., Penning-Rowsell, E. C. & Horritt, M. (2018). Flood vulnerability, risk, and social disadvantage:
current and future patterns in the UK. Regional Environmental Change, 18(2), 339-352.
https://doi.org/10.1007/s10113-017-1252-z

Steffen, W., Broadgate, W., Deutsch, L., Gaffney, O. & Ludwig, C. (2015). The trajectory of the
Anthropocene: the great acceleration. The Anthropocene Review, 2(1), 81-98.

Teece, D. J. (1930). Business models and Dynamic Capabilities Long Range Planning VVolume 51, Issue 1,
February 2018. Institute for Business Innovation, F402 Haas School of Business, 91930-94720.

Titeux, N., Henle, K., Mihoub, J. B., Regos, A., Geijzendorffer, I. R., Cramer, W., Verburg, P. H. &
Brotons, L. (2016). Biodiversity scenarios neglect future land-use changes. Global Change Biology,
22(7), 2505-2515. https://doi.org/10.1111/gch.13272

Turner, M. G. (2005). Landscape Ecology: What Is the State of the Science? Annual Review of Ecology,
Evolution, and Systematics, 36(1), 319-344. https://doi.org/10.1146/annurev.ecolsys. 36.102003.
152614

Yigit, S. & Benliay, A. (2022). Assessment of Landscape Changes in Hatay-Samandag Region By Using
Landscape Metrics. Fresenius Environmental Bulletin, 31(1), 583-592.

Yuan, J. & Niu, Z. (2008). Evaluation of atmospheric correction using FLAASH. 2008 International
Workshop on Earth Observation and Remote Sensing Applications, 1-6.

Zahedikelaki, E., Motevalli, S., Mahmoudzadeh, H. & Ganbaz Ghobadi, G. (2022). Explanation of urban
ecology structure in order to improvement environmental resilience using the analysis of landscape
metrics (Case study of Behshahr city). Geography and Planning, 25(78), 197-218 (In Persian).


http://dx.doi.org/10.61186/ifej.11.22.81
https://dor.isc.ac/dor/20.1001.1.24237140.1402.11.22.2.0
http://ifej.sanru.ac.ir/article-1-500-en.html
http://www.tcpdf.org

