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EXTENDED ABSTRACT

Introduction: In recent decades, rapid urbanization and population growth have posed numerous
challenges for densely populated urban areas, particularly concerning land use/land cover change.
The ecosystem services provided by ecological spaces play a significant role in addressing these
challenges and enhancing urban ecological resilience. The increasing destructive human activities
in densely populated urban areas disrupt the ecological environment, fragmenting urban
ecosystems and lowering habitat quality. In urban and peri-urban areas, ecological and natural
spaces serve as nature-based solutions that significantly contribute to biodiversity conservation
and habitat quality improvement. Therefore, the aim of this research is to evaluate the impact of
ecological spaces on providing ecosystem services related to habitat quality and to compare them
with human-made spaces through a spatial-temporal analysis of land use/land cover patterns.

Material and Methods: In this study, land use/land cover maps of the metropolitan area of Tabriz,
a densely populated urban region in western Iran, were created for the years 2016 and 2023 using
Sentinel-2 satellite imagery within the Google Earth Engine web platform. Subsequently, the
accuracy of the classified maps was assessed using the Kappa coefficient. The next step involved
detecting spatial-temporal changes in land use/land cover within the study area for the period
2016-2023 using TerrSet software. The final step was to model habitat quality ecosystem services
within the study area for the years 2016 and 2023 using the InVEST software package.

Results and Discussion: The research results show that in both years, barren lands and built-
up areas accounted for the largest area in the study region, reflecting the area's ongoing
development. The land use change in Tabriz from 2016 to 2023 shows an increase in built-up
areas, barren lands, and urban green spaces, whereas urban agriculture, rangeland, and water
bodies experienced a decrease in area during the same period. Due to the developed nature of
the study area, the maximum habitat quality was recorded as 0.27 and 0.21 for the years 2016
and 2023, respectively. Furthermore, for these two years, the average habitat quality was 0.04
and 0.03, respectively, indicating a poor state of habitat quality and biodiversity within the
metropolitan area of Tabriz. The spatial distribution of habitat degradation in the study area
revealed that the most significant habitat destruction occurs at the interface between human
constructions and ecological spaces due to proximity to threatening factors. In contrast, barren
land in the northern parts of the study area is in better condition due to its greater distance from
these threats. The findings of this research report a decline in habitat quality influenced by land
use/cover changes from 2016 to 2023, primarily attributed to the reduction of urban agriculture
and the increase in human construction. This study concludes that the role of ecological spaces
in enhancing habitat quality and preserving biodiversity in Tabriz is minimal due to their limited
extent and close proximity to threatening factors. Furthermore, it highlights the detrimental
impact of human activities, such as the expansion of human constructions, on habitat quality.

Conclusion: This study emphasizes the importance of remote sensing data for monitoring land
use/land cover change in areas with limited data. Combining Google Earth Engine data with
the InVEST model gives us a complete understanding of how changes in urban landscape affect
habitat quality over time and space. Ultimately, our research offers deeper insights into the links
between the detrimental impacts of anthropogenic activities and changes in habitat quality in
ecologically fragile areas. This integrated approach not only enhances our understanding of
ecological dynamics but also supports sustainable urban planning initiatives aimed at
preserving biodiversity and improving ecosystem services.
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Table 5. The classification accuracy of different Land-uses based on the evaluating criteria
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Fig. 3- Land use/land cover map across the study area in 2016 and 2023
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Table 7. Average habitat quality index of various land use/land cover

2023

2016

ol pdigy 9 50

0.00
0.00
0.01
0.00
0.09
0.00

0.00
0.00
0.02
0.01
0.09
0.00

Sl ol 5 csle
S o LS
SRS 85,9l

Er
2L 2l
o sloany

—o0 e 09 (RS by 5l sremwy Bble LS|
E9i5 ols s 5 ol j HALASTASS &4y i a5 WS

DG (0 ()

6 5 4
cilizee slacs IS 555 b)) Baa b ol Giags,
CoeS (golmmsST Caans &)l 5o (So5elsST 5 (Sl
Ol 53 &8ly S AW esgazme )3 olKa
ol el gy ol 2858 plosl (B8 olul)dl
calises (60,5 £o5 id St ol ) St oL
$39LaS (s e sLaS (Sl slajle 5 e
ey 0,8 Ll ol sleaigy 5 b G2 @0
oy Lod ailebs 0,57 a5 28,5 S (g o0 S 55k
S Gledidi g )o (ool LB (sl &l J56S
(plpogdle o)ls anlllas 550 o0gdme Lol Gilis g
35 INVEST oKy j oS Jow a5 0o oo oyl mlis
CoFS g ekS atls oLl Gln ol el
L doe cnl G055 5 9,00 calize slas )5 ol
yol> bzt il s o plid ools 5 bl ;o
5 2l G s sl Dl Gl S b
) it GheS g Sl glaclJld 3l
Ol g o) CudS relS A aS e 515
aold JLos 4 [y YoV F=Y oYY 6,90 ;0 oliug) w50
@lizee slos,m,) 5 oSy oS amls oLl ol

Jdo a4 plb palyl 4 amo oo plis 15 bS50

2l Db 9 6 £ et 30 Gieghy ol S
-0 Ol 2l Gl alolé 929 b 1) oinsy CutsS
drwgi 5 glablaie 5,5 (3,40l glp cnlply ans
&8 Al Jebs s aia (SelsST 5l Jlal aele
W‘W)Lwolimu)m).’s@‘)‘ wyjd)a)ls
aS S o ole 093 i o Meng et al. (2023)
S 6L o) ide 5 ) ey m lalal,
oy oKin) CuaS 5 b £95 mhaw o)l ,5L
245 998 g0 WS 5 Bblie 5 ool wiile lalge
(Chenetal, 2024) $gs 0 4wl IN'VEST-HQ Jow
s DIl anlie 5 55510 sl Ol |y Joe
oy ollis el 4 Jluil Oy glacdled
2 00gaze Sy S (e g9 p |y 8l op iy oS
S ek 4 auagd ol 18 colaiul 050 (6 et Corax
a5 0gb oo iy pas gl bawg (o) <055 Jelge @
OSeoe (] )35 oo e ;3L jglome sloolRins; (9, 2
OKMAJ) w)?u ‘)SL?!A olf.u.u) UM&& L e S|
(Puetal, 2024) 598 oS ; CodS Jrals Colys o g
O 5 sl slollo il 5 s 3blis anwgs
ooy &3l piwsST Sloas 2l Gla Lo jo s 4
CodeS APl 5 03,5 dgue |) Su3elsST slalad lawgs
Sl oals u.,_mlf ‘) (5)'9("" W); aalaio U"‘ Oliu.u))
Sle callae Hasani ef al. (2017) leadl L aS

Jsiwo |, 6,05 arwgs 35 Dezhkam et al. (2014)

V¥ 50l ¥ o)lod YY 0,90 (9 (oo pole anlilad

£0-



OLKer 5 (G5 (o5 (o9

SloloBl aslgn sans] ;o b eges pal,d calise )15 4

—6 5 ot ollianj a5 g CodnS byl 5o cate

lize slag )bw g Sloy o 0 5 g5 sl

sl asls

8 31wl
STy ess (Sloyad g Sid Cile abwg oy G
(B8 (o) SO 4,85 (ol )S 00 g p e ol gl
el plial oaijle slasleiiiny 5 el slaalecal,
@l 5l i hegh ol &5 sl S5 LLL 5 ls e
0392 (SIS (o5 (o g (rode BT sl puolis )15 i) Ly
i bl b ol s 3l o Cale 5 n

oW OQ)SJ u.‘al.:).s @9.3} 9

References

Abdollahi, S., Zeilabi, E., & Xu, C. C. (2024).
Habitat quality assessment based on local expert
knowledge and landscape patterns for bird of prey
species in Hamadan, Iran. Modeling Earth Systems
and Environment, 10(2), 2051-2061. https://doi.org/
10.1007/s40808-023-01896-y

Ahmadi Mirghaed, F., & Souri, B. (2021).
Relationships between habitat quality and ecological
properties across Ziarat Basin in northern Iran.
Environment, Development and Sustainability,
23(11), 16192-16207.  https://doi.org/10.1007/
s10668-021-01343-x

Amini Parsa, V., Yavari, A., & Nejadi, A. (2016).
Spatio-temporal analysis of land use/land cover
pattern changes in Arasbaran Biosphere Reserve:
Iran. Modeling earth systems and environment, 2(4),
1-13. https://doi.org/10.1007/s40808-016-0227-2

Amiri, R., Weng, Q., Alimohammadi, A., &
Alavipanah, S. K. (2009). Spatial-temporal
dynamics of land surface temperature in relation to
fractional vegetation cover and land use/cover in the
Tabriz urban area, Iran. Remote sensing of
environment, 113(12), 2606-2617. https://doi.org/
10.1016/j.rse.2009.07.021

Ansari, A., Ghorbanpour, M., Kazemi, A., &
Kariman, K. (2023). Ecological assessment of Iran’s
terrestrial biomes for wildlife conservation.
Scientific Reports, 13(1), 17761. https://doi.org/
10.1038/s41598-023-45120-4

Chen, H., Yan, W., Li, Z., Wende, W., & Xiao, S.
(2024). A framework for integrating ecosystem service

AVl CeaS 5l wagd Jelse 4 o ol alols
Jdo 4 e ppd e slad &5 by el logs
O i s bl 5o wags Jelse 4 0l (oo
o GRSy (32855 aiS ey | ol o 5
@8l SMbl pie g (90 sloosly (3.4l
oS S STy gsleJow ;o InVEST  Jow b
3,509, S plye & ilite slags )5 cod ol
S el ledl oy cnlply S o oST e
asle YL Cds b sbosls 5 (s sl sl s 5l eslicl
Sy CokS Sl Wl St o)lsels
A& Jlixl b b lapianwsS] o oS
Slalllas plowil sl 6,0, Gzt (ol WS (i

Cmaadin 59y 4y 0l olej g alie Bro e alin

&bo

provision and connectivity in ecological spatial
networks: A case study of the Shanghai metropolitan
area. Sustainable Cities and Society, 100, 105018.
https://doi.org/10.1016/].scs.2023.105018

Dadashpoor, H., Azizi, P., & Moghadasi, M. (2019).
Land use change, urbanization, and change in
landscape pattern in a metropolitan area. Science of
the Total Environment, 655, 707-719.
https://doi.org/10.1016/j.scitotenv.2018.11.267

Dashtbozorgi, F., Hedayatiaghmashhadi, A.,
Dashtbozorgi, A., Ruiz—Agudelo, C. A., Fiirst, C.,
Cirella, G. T., & Naderi, M. (2023). Ecosystem
services valuation using InVEST modeling: Case
from southern Iranian mangrove forests. Regional
Studies in Marine Science, 60, 102813.
https://doi.org/10.1016/j.rsma.2023.102813

Dezhkam, S., Amiri, B. J., Darvishsefat, A. A., &
Sakieh, Y. (2014). Simulating the urban growth
dimensions and scenario prediction through sleuth
model: a case study of Rasht County, Guilan, Iran.
GeoJournal, 79, 591-604. https://doi.org/10.1007/
s10708-013-9515-9

Ezimand, K., Aghighi, H., Ashourloo, D., & Shakiba,
A. (2023). Statistical analysis and predicting spatio-
temporal variations of urban heat islands using remote
sensing data. Environmental Sciences (1735-1324),
21(3) (In Persian with English abstract).
https://doi.org/10.48308/envs.2023.1254

Floreano, 1. X., & de Moraes, L. A. F. (2021). Land
use/land cover (LULC) analysis (2009-2019) with
Google Earth Engine and 2030 prediction using

V¥ 50l ¥ o)lod YY 0,90 (9 (oo pole anlilad

70



wpimansS T Sleas el 3 Slasl & e sl dled 3G

Markov-CA in the Rondonia State, Brazil.
Environmental Monitoring and Assessment, 193(4),
239. https://doi.org/10.1007/s10661-021-09016-y

Ghazi, B., & Jeihouni, E. (2022). Projection of
temperature and precipitation under climate change
in Tabriz, Iran. Arabian Journal of Geosciences,
15(7), 621. https://doi.org/10.1007/s12517-022-
09848-z

Hasani, M., Sakieh, Y., Dezhkam, S., Ardakani, T.,
& Salmanmahiny, A. (2017). Environmental
monitoring and assessment of landscape dynamics in
southern coast of the Caspian Sea through intensity
analysis and imprecise land-use data. Environmental
monitoring and  assessment, 189, 1-19.
https://doi.org/10.1007/s10661-017-5883-9

He, N., Guo, W., Wang, H., Yu, L., Cheng, S.,
Huang, L., ... & Zhou, H. (2023). Temporal and
spatial variations in landscape habitat quality under
multiple land-use/land-cover scenarios based on the
PLUS-InVEST model in the Yangtze River Basin,
China. Land, 12(7), 1338. https://doi.org/10.3390/
land12071338

Kafy, A. A., Saha, M., Fattah, M. A., Rahman, M.
T., Duti, B. M., Rahaman, Z. A., ... & Sattar, G. S.
(2023). Integrating forest cover change and carbon
storage dynamics: Leveraging Google Earth Engine
and InVEST model to inform conservation in hilly
regions. Ecological Indicators, 152, 110374.
https://doi.org/10.1016/j.ecolind.2023.110374

Koko, A. F., Yue, W., Abubakar, G. A., Hamed, R.,
& Alabsi, A. A. N. (2020). Monitoring and
Predicting Spatio-Temporal Land Use/Land Cover
Changes in Zaria City, Nigeria, through an
Integrated Cellular Automata and Markov Chain
Model (CA-Markov). Sustainability, 12(24), 10452.
https://doi.org/10.3390/su122410452

Lei, J., Chen, Y., Li, L., Chen, Z., Chen, X., Wu, T.,
& Li, Y. (2022). Spatiotemporal change of habitat
quality in Hainan Island of China based on changes
in land use. Ecological Indicators, 145, 109707.
https://doi.org/10.1016/j.ecolind.2022.109707

Mahmoudzadeh, H., Abedini, A., & Aram, F.
(2022). Urban growth modeling and land-use/land-
cover change analysis in a metropolitan area (case
study: Tabriz). Land, 11(12), 2162. https://doi.org/
10.3390/land 11122162

Mashizi, A. K., & Escobedo, F. J. (2020). Socio-
ecological assessment of threats to semi-arid
rangeland habitat in Iran using spatial models and
actor group opinions. Journal of Arid Environments,
177, 104136. https://doi.org/10.1016/j.jaridenv.
2020.104136

Meng, R., Cai, J., Xin, H., Meng, Z., Dang, X., &
Han, Y. (2023). Spatio-Temporal Changes in Land
Use and Habitat Quality of Hobq Desert along the
Yellow River Section. International Journal of
Environmental Research and Public Health, 20(4),

3599. https://doi.org/10.3390/ijerph20043599

Mengist, W., Soromessa, T., & Feyisa, G. L. (2021).
Landscape change effects on habitat quality in a
forest biosphere reserve: Implications for the
conservation of native habitats. Journal of Cleaner
Production, 329, 129778. https://doi.org/10.1016/
j-jclepro.2021.129778

Pu, J,, Shen, A., Liu, C., & Wen, B. (2024). Impacts
of ecological land fragmentation on habitat quality
in the Taihu Lake basin in Jiangsu Province, China.
Ecological Indicators, 158, 111611. https://doi.org/
10.1016/j.ecolind.2024.111611

Rahimi, A., Khorsand, E. D., Breuste, J., &
Karimzadeh, H. (2023). Gender justice in green
space use in relation to different socio-economic
conditions in Tabriz, Iran. Sustainable Cities and
Society, 99, 104973. https://doi.org/10.1016/
j-5¢s.2023.104973

Sadat, M., Zoghi, M., & Malekmohammadi, B.
(2020). Spatiotemporal modeling of urban land
cover changes and carbon storage ecosystem
services: case study in Qaem Shahr County, Iran.
Environment, development and sustainability, 22(8),
8135-8158. https://doi.org/10.1007/s10668-019-
00565-4

Sharp R, Tallis H, Ricketts T, Guerry A, Wood SA,
Chaplin-Kramer R, Nelson E (2018) InVEST 3.6.0
User’s Guide. The Natural Capital Projet. Stanford
university, University of Minnesota, The Nature
Conservacy, and World Wildlife Fund.

Shoja, F., Veisi Nabikandi, B., & Feizizadeh, B.
(2025). Spatiotemporal analysis of urbanization-
driven land use changes in Tehran Province using
novel technologies. Journal of Geography and
Cartography, 8(2), 11630. https://doi.org/10.24294/
jgcl1630

Sobhani, P., Esmaeilzadeh, H., & Mostafavi, H.
(2021). Simulation and impact assessment of future
land use and land cover changes in two protected areas
in Tehran, Iran. Sustainable Cities and Society, 75,
103296. https://doi.org/10.1016/j.scs.2021.103296

Steger, K., Fiener, P., Marvin-DiPasquale, M.,
Viers, J. H., & Smart, D. R. (2019). Human-induced
and natural carbon storage in floodplains of the
Central Valley of California. Science of the total
environment, 651, 851-858. https://doi.org/10.1016/
j.scitotenv.2018.09.205

Tamire, C., Elias, E., & Argaw, M. (2023). A
systematic ~ review of ecosystem  services
assessments, trends, and challenges in Ethiopia.
Watershed Ecology and the Environment, 5, 38-45.
https://doi.org/10.1016/j.wsee.2022.12.002

Tang, J., Zhou, L., Dang, X., Hu, F., Yuan, B., Yuan,
Z., & Wei, L. (2023). Impacts and predictions of
urban expansion on habitat quality in the densely
populated areas: A case study of the Yellow River

V¥ 50l ¥ o)lod YY 0,90 (9 (oo pole anlilad

7OV



OLKer 5 (G5 (o5 (o9

Basin, China. Ecological Indicators, 151, 110320.
https://doi.org/10.1016/j.ecolind.2023.110320

Veisi Nabikandi, B., & Shahbazi, F. (2024).
Determining carbon storage content at different
pools under various land uses in Miandoab region
using remotely-sensed data and InVEST model.
Journal of Natural Environment, 77(2), 241-253.
https://doi.org/10.22059/jne.2024.377051.2677

Veisi Nabikandi, B., Rastkhadiv, A., & Shoja, F.
(2024). Modeling of land use/land cover change
impact on urban ecological flood resilience: A case
study of Rasht city. Journal of Natural Environment,
77(3), 385-400. https://doi.org/10.22059/jne.2024.
382160.2710

Veisi Nabikandi, B., & Shoja, F. (2025). Unraveling
the Effectiveness of Nature-based Solutions in
Mitigating Urban Heat Island Intensity. Town and
Country Planning, 16(2), 343-361. https://doi.org/
10.22059/jtcp.2025.387194.670487

Veisi Nabikandi, B., Shahbazi, F., & Biswas, A.
(2025a). Evaluating ecosystem services under
various trajectories and land use/land cover changes
in a densely populated area, Iran. Earth Science
Informatics, 18(2), 372. https://doi.org/10.1007/
$12145-025-01884-z

Veisi Nabikandi, B., Rastkhadiv, A., Feizizadeh, B.,
Gharibi, S., & Gomes, E. (2025b). A scenario-based
framework for evaluating the effectiveness of
nature-based solutions in enhancing habitat quality.
GeoJournal, 90(2), 55. https://doi.org/10.1007/
s10708-025-11305-9

Wang, Q., & Wang, H. (2023). Evaluation for the
spatiotemporal patterns of ecological vulnerability
and habitat quality: implications for supporting
habitat conservation and healthy sustainable
development. Environmental geochemistry and
health, 45(5), 2117-2147. https://doi.org/10.1007/
s10653-022-01328-3

Wei, Q., Abudureheman, M., Halike, A., Yao, K.,
Yao, L., Tang, H., & Tuheti, B. (2022). Temporal
and spatial variation analysis of habitat quality on the

PLUS-InVEST model for Ebinur Lake Basin, China.
Ecological Indicators, 145, 109632. https://doi.org/
10.1016/j.ecolind.2022.109632

Wei, W., Bao, Y., Wang, Z., Chen, X., Luo, Q., & Mo,
Y. (2023). Response of habitat quality to urban spatial
morphological structure in multi-mountainous city.
Ecological Indicators, 146, 109877.
https://doi.org/10.1016/j.ecolind.2023.109877

Wu, J., Li, X,, Luo, Y., & Zhang, D. (2021).
Spatiotemporal effects of urban sprawl on habitat
quality in the Pearl River Delta from 1990 to 2018.
Scientific Reports, 11(1), 13981. https://doi.org/
10.1038/s41598-021-92916-3

Wu, X, Liu, S., Zhao, S., Hou, X., Xu, J., Dong, S.,
& Liu, G. (2019). Quantification and driving force
analysis of ecosystem services supply, demand and
balance in China. Science of the Total Environment,
652, 1375-1386. https://doi.org/10.1016/].scitotenv.
2018.10.329

Xie, Z. X., Zhang, B., Shi, Y. T., Zhang, X. Y., &
Sun, Z. X. (2023). Changes and protections of urban
habitat quality in Shanghai of China. Scientific
reports, 13(1), 10976. https://doi.org/10.1038/
s41598-023-32247-7

Zhang, W., Ricketts, T. H., Kremen, C., Carney, K.,
& Swinton, S. M. (2007). Ecosystem services and
dis-services to agriculture. Ecological economics,
64(2), 253-260. https://doi.org/10.1016/j.ecolecon.
2007.02.024

Zhao, Z., Islam, F., Waseem, L. A., Tariq, A.,
Nawaz, M., Islam, 1. U,, ... & Hatamleh, W. A.
(2024). Comparison of three machine learning
algorithms using google earth engine for land use
land cover classification. Rangeland Ecology &
Management, 92, 129-137. https://doi.org/10.1016/
j.rama.2023.10.007

A

& )

a - ¢
>

V¥ 50l ¥ o)lod YY 0,90 (9 (oo pole anlilad

oY



wpimansS T Sleas el 3 Slasl & e sl dled 3G

This page is intentionally
left blank.

V¥ 50l ¥ o)lod YY 0,90 (9 (oo pole anlilad
#Of



