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Protected areas are increasingly subjected to anthropogenic threats. Zanjan Province is a
clear example of this conflict. This study aimed to spatially and quantitatively assess the
simultaneous impact of anthropogenic threats on habitat quality across the province and to
establish a conservation prioritization framework. The methodology was based on the
Relative Habitat Quality model in InVEST software, calculating the cumulative effect of
threats (including urban settlements, industrial land use, railways, main roads, secondary
roads, rural roads, and agricultural lands) by considering distance, weight of each threat,
inherent sensitivity of land cover types, and the moderating role of protected areas.
Outputs included continuous maps of cumulative degradation and relative habitat quality.
Average habitat quality in the province is 0.42, and average degradation degree is 0.18,
exhibiting a clear inverse spatial relationship. High-quality cores were predominantly
concentrated in dense northeastern forests and dense northwestern rangelands, while high-
degradation hotspots coincided with urban and industrial areas and the intersections of
major communication routes. A quantitative assessment of the four protected areas formed
the basis for developing an innovative four-tiered framework for prioritizing management
actions. Identifying areas of exceptional habitat quality outside existing protected areas
revealed a clear gap. Zanjan's protected areas, despite their considerable coverage, are
vulnerable to external pressures. These results do not negate the current values of these
protected areas, but rather provide policy recommendations for optimal allocation of
resources and conservation actions, while highlighting the need for further complementary
studies.
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Introduction

Protected areas worldwide are increasingly subjected to anthropogenic pressures despite their critical
role in biodiversity conservation. Zanjan Province in northwestern Iran exemplifies this conflict,
hosting 64% of mammals and 71% of birds of the region, while 23% of its territory is designated as
protected areas as illustrated in Figure 1. However, field evidence indicates these areas face growing
pressure from human activities including infrastructure development, agricultural expansion, and
urbanization. Simply establishing protected areas without precise assessment of habitat quality and
vulnerability to external threats cannot guarantee biodiversity persistence. Therefore, identifying gaps
in the existing protected area network and prioritizing areas based on ecological status and threat level
has become an undeniable necessity. This study aims to spatially and quantitatively assess the
simultaneous impact of seven anthropogenic threats on habitat quality across Zanjan Province and
establish a conservation prioritization framework. The innovation manifests in four aspects:
simultaneous quantification of cumulative threat effects; providing a four-tier management
prioritization framework based on "ecological status versus threat level"; gap analysis between
existing protected areas and exceptional habitat quality hotspots; and extracting concrete policy
recommendations for revising land allocation to conservation use.

Material and Methods

Zanjan Province, with an area of approximately 21,773 km?, is located in northwestern Iran with
predominantly mountainous topography and diverse ecosystems including forests, rangelands, steppes,
and wetlands. The methodology was based on the Relative Habitat Quality model within InVEST
software version 3.12. The core logic calculates the cumulative effect of seven threats—urban
settlements, industrial land use, railways, main roads, secondary roads, rural roads, and agricultural
lands—by considering distance, weight of each threat, inherent sensitivity of land cover types, and the
moderating role of protected areas. A land cover/land use raster map with 30-meter resolution for 2022
was prepared from Landsat 9 images using supervised classification with overall accuracy of 92% and
Cohen's Kappa coefficient of 0.89. Sensitivity scoring and threat parameters presented in Tables 1 and
2 were determined through previous studies, ecological characteristics of the region, and expert
consensus using the Delphi method. Binary raster layers were prepared for all threats, and an
accessibility coefficient was assigned based on protection status. The model generates cumulative
degradation and relative habitat quality maps with values ranging from 0 to 1, with the spatial
distribution of land cover and threat layers illustrated in Figure 2. Management prioritization involved
comparative analysis of four protected areas using descriptive statistics, followed by spatial gap
analysis identifying superior habitat quality areas (top 20%) compared with existing protected area
boundaries as shown in Figure 4.

Results

The spatial distribution of cumulative degradation ranged from 0 to 0.63, while relative habitat quality
ranged from O to 1. The average habitat quality was 0.42, and average degradation was 0.18,
demonstrating a clear inverse spatial relationship as shown in Figure 3. High-quality cores
concentrated in dense northeastern forests and dense northwestern rangelands, while high-degradation
hotspots coincided with urban and industrial areas and major communication route intersections.
Comparative analysis of the four protected areas revealed: Anguran Wildlife Refuge showed critical
conditions with mean quality of 0.499 but highest degradation of 0.160, requiring immediate crisis
management; Anguran Protected Area exhibited the highest quality of 0.526 with degradation of 0.118,
needing buffer zone establishment; Fil-e-Khaseh Protected Area had the lowest quality of 0.367 but
lowest degradation of 0.076, suggesting restoration potential; and Sorkhabad Protected Area
demonstrated the most effective management with degradation of 0.097 and quality of 0.451. Spatial
gap analysis revealed that only 25% of superior habitat quality areas fell within existing protected area
boundaries, while 75% remained outside formal protection as illustrated in Figure 4.
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Discussion

The findings support two key propositions. First, the legal extent of protected areas is not sufficient to
guarantee habitat quality protection. The average quality of 0.42 and degradation of 0.18 demonstrate
that even protected areas remain vulnerable to external pressures. The spatial pattern reflects the
cumulative effect of seven anthropogenic threats. Second, protecting only remote areas without
managing conflicts in tension hotspots is insufficient and may transfer pressure to other valuable
habitats. Anguran Wildlife Refuge requires immediate crisis management due to high ecological value
combined with significant degradation, while Sorkhabad Protected Area exemplifies relative
conservation effectiveness. The gap analysis revealing only 25% of superior habitats within protected
boundaries underscores the urgent need for establishing new protected areas. Three policy
recommendations emerge: re-engineering the conservation framework to prioritize areas based on the
combination of inherent habitat quality and threat level, moving beyond the current extent-based
approach; developing the protected area network based on ecological values rather than administrative
constraints, with immediate feasibility studies for exceptional habitat quality areas outside existing
boundaries; and enhancing resilience through integrating a conflict assessment layer into development
planning to guide development toward low-conflict zones. These results do not negate current values
of existing protected areas but provide policy recommendations for optimal resource allocation while
highlighting the need for further feasibility studies incorporating socio-economic considerations.
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Table 1. Sensitivity of land cover/land use classes to the seven threat types in Zanjan Province
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Table 2. Attributes of the human-induced threat layers used as input to the relative habitat quality model
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Figure 2. Spatial distribution of (a) land cover/land use, (b) agricultural land use, (c) urban settlements,
(d) railway, (e) class 1 roads, (f) class 2 roads, (g) class 3 roads, and (h) industrial land use as threat layers
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Figure 3. Spatial distribution of (a) cumulative degradation and (b) relative habitat quality
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Figure 4. Areas with superior habitat quality (in green) and existing protected areas

S5 A g S

b)) & Cologladl i g ol CudS jlate 3l Byo imghy ol 45 390 ST daaidly 51> con 3l iy
—slan) GlsMe Lol cov Jos o cblis cov gble o5 0Ke o5 cul Lgey ol aly, bl 80
lireds (g% (ol @l onlply wloas 485 a5 3 loj (b g guyiar cblis cod bl (pl 5 cosl p (golaid]
o Sate Sy 1y lis g 5 dgrse eSS Sl s bl cov 3blie ul 5 slaghl
Pl ygps g (pde (sluCagl 13 SISk ©ygps p g dileice ST (ke ply ) ol Cuis)
Syl asT Ss 55, b slaaigg

cblis cov bl S9b Cawy &SI cuss a8 o Sluidy @IS 815 93 5l pastie jobay Shagh cnl slaaiil
Alemohammad ef al, 2020;) cuws o35 plp 3 ol Cuigan b ol cuts cblis s ¢lp S5 le
Alemohammad ef al, 2022; Nematollahi et al., 2022; Alemohammad et al., 2024;
A Al VA o y55 Aoy pSle 5 +/FY L] pdaw ) oK) cuasS Sl (Gharagozlou et al., 2025
Sy g b Jlod ogsl (sl Stz 13 YU cudS b (sladiun )l 3029 a3ld 93 pl e (5] wgSas dlaily oS
ol slalyd bl 5 i sped 3blie g Yl 55 (sl S Il 3 lond S peia i Jled oS



Y74 Ol5ed 5 damo T /e luylud] oy lpe il coni’ (sloolfiny § codss I o LaS loi

S e SmolSTigSn) Colpladl sps b ra 53 ol 1y (b 5 el s bt 3iate Lo
G epag gl 1 alols (I3 L a8 5,8 g ((55,5UST (D) 5 (abiwgy (88 (ol slaodle (palol, ixio
b (S o 55

5 Jl o Bl e g 0392 (U (15 slaggls 13 ()l Cople gk wundygd Gblie | Gpo cbilis Sl pg
b;,l (Jones et al., 2018; Alemohammad et al., 2022) s55 ;505 (55,L loolKinj 4 drwes Hlid w5
ke VL bl +/FA% caiS Sk b sl Limacls olSaly a5 ob ol sl cbls cov dibi b
55 odls (ol Bals Lol olSaly ol Lol claaigs ) hon uxds @S g sblie le 5 (+/V8) a5
s IS 3 5N oAV 55 5Slie L Ll sase i Silate bl > itd oelS558s 5 (55,308 )
253 9 Gyl slanies o515 (e gl (i 3 gblie ool G @glis Jds amdoe (lis 1) cbilis o e
sl sy i

aS amd e L (YoYY) o,Kan 5 DING ddlllas 4 (YVY) of,San g ZhANG dalllae b jiogh ol slaabl duslbe
@ o GWlas b laghy ool soall (yrioren ool o) cutS (il oo (250558 oame) 508 e lnen
Dashtbozorgi «(¥-va) .),5en 5 NaSEr ales jl cusl gunen cbildtily o)lil drwgs [Lid cov olimj cuisS jials
(Wamgk ol wgdleas (Y-Y0) Morovati 4 Abdollahi 4 (v-Y8) ,Ken 9 Gharagozlou (Y-vY) ., Ken 4
50 )8 3gnge cblis cou sblie slajye J3b )0 5y slelKius) I AV dgas g5 &S sy olis GBI Jou gls
I @l e bl 3blie dbul Cpgys 5 2l JISGT blis &b (g o 1) il SIS (Slageal ol
5 Karimi ddlas 5 (V+YV) o Ken 5 Nematollahi dalles gols b 55 4l ol i o cuie 1) G5 sy
) il losls 15 ol 3y9e |y blis claaSs IS a5 (Y+¥Y) oo

OAR95 Sy dga

2 o) S Gl lagals b e I i e slaosh 235 ot Jae slacrgss St (xi il
5o sl g poles Jdoa (63909 o jial)ly Sy & s ol 3T pprizmen sl 00t plol Slisl ol
ilais Gllail 5 (AY) 939y9 828 VU como (Jl ol bl 0395 pune anlio lawbre il 395 5 S
3o Sl |y @l d o bl AINVEST Jao jl g9y g dilaie (3lidpg (3B L (295 slagS

wlow (SLleindny g (I (g 5 o

5 03 Ml )SL Cblis (gl & (yaj panasS > Cawg p e b 3,5, 45 1S o 1T Colio 4 adllae )l
g oo )] sl dlpguiin dw dobdl 3 ¢ yolwl (pl p ol wlal (6,555 el

(bsy o8 g 03) (oo Slapasli p Baes cbilis Cuibgn iyl SgS pls reblis Cogp )l ittt (o
Conl Ko Nl 23 o 5 i) B CuS S5 ool bl caacagly) S 53 sl e
€5y CadsS > atwd )o@ bl og)le cnl )d iled Sbul cblis ()5 & (o) panass 3 1) SIS
5 (elojble (slado o) €apin= oS o lal sladinn) €uieieS=CudS > (on Cupte g Cagly)
Wb oo el (sl Cuglgl) €20 —CadS @Y

BB CabsS b sbhasye ololid (bl lacadgie & «SjglesT laghy)) ol (Gblis b dawg (pod
(@ble ol djloge Sl 1) (b 8 )3 sl plall o agpge cblis cov 3blia (slajye 5|zl ) Yol
5 bsy Cpgot Bl cblis Cuwlw i (bl 00 4 Gbdl cua )98 (RSl Cllls )y ol sl sl
S (b ey gaw )3 1) dlwgy ob 4 SV g baatas I (laSd ey SujlsST slaodly (e

St aBly 5« gra2d 50 (Sladll tdmngs (g5ayaaliy ) € o B )l Y pledl 5k il gyglol Ll (p o
lllas &gl Uslie o Lol ©psods 1l Sl ST LY oyl ites cblis 5 drwg Glanl (a0 Sl e
1) dng o8l i D9 plesl (M glagyb wjlame SIS L)l g el g oy slagsl (omeje ikl



IFed oF 5,lais V3 5,50 o s Consj Laimo Yv.

Ol el Sole plianny (S o g e @il dijay BB 5 00,5 Colie €SS sladigy Cos
L;Lau.;l.i)‘)l )hf JRIRYNCE cbls o d.‘ol.uc Jl:ggl d‘).f u_?d.mo&a] Oldlas P)—LM ‘u**’"?)" O'.’.l dl.am:él.). C)Jﬁ"J |)§.Lo:—
9 S b b ol Wl o by Jdog g Wodly cpl ccoles ) cwl g8l o,led pis 5 (soges Culgido Hlai I cloisl
g cpl ol &S dad o AST 008 )8 eolatwl 3)50 (=i lagSecdS 5 S )lie laanlyd p sue liw
A 3 kg eSS Sllllas Cgzyly 50wk 0ad &) cladleidiy g Cunl Cblis (ghyasly 0)lmoriz slaanl b JoSo

55 )5 aled S 5 i) 3y50 apde 5 52kl elain] CllasMo (555

SH OloMNo

Sl ol

b Comls 3 (0 Cumjlase cbilis o) b bl Cunjlase clilis JS 551 Jo coles b Giaghs o
ol 0 plosl (Vo F) €l ] (otunnwsST Oloss  ob5,D

SleMb! pds g Juloo dmodly (oylol Judosigas jo5 dmodls (6913,5 ¢ yimgd pll 9 (b slpe IS )5 (colue jobas B aim g
sl <8 lie dlie (il aled 5 (il ol @l JyuS g (o dllie gt ad @l g

&le oyl
)5 gblie oyl dlie ol s el s Ly

Lodld 4y ow pwd duily

ol o yasd o8 (Jgino 030 9) B g5 5l Cawlgd 3 50 )b | il yimgy (slaedls

Sl Sl
Db 8yl ele g ()l Le (clojlas D)l Ly pyixe gl )

References

Abdollahi, S., Morovati, M., 2025. Habitat Risk Assessment of the Persian Leopard in Golestan
National Park Using InVEST Model. Journal of Natural Environmental Hazards 15(47), 23- 44. (In
Persian)

Alemohammad, S., Omidifar, R., Yousefvand, S., Ramezani Mehrian, M., 2023. Comparative Analysis
of Approaches to Protected Area Governance and the Evolution Process of Landscape
Conservation. Strategy 32(2), 307-330. (In Persian)

Alemohammad, S., Ramezani Mehrian, M., Radmehr, A., 2024. Using the biosphere reserve model to
landscape conservation planning and promote sustainable community uses (Study area: Dena
District). Geography and Environmental Sustainability 14(3), 19-38. (In Persian)

Alemohammad, S., Yavari, A.R., Malek mohammadi, B., Salehi, E., Amiri, M.J., 2020. Participatory
Mapping of Community Use Zone in Dena District Adjacent to Dena Preserved Area. Geography
and Environmental Sustainability 10(1), 53-68. (In Persian)

Alemohammad, S., Yavari, A.R., Malek-Mohammadi, B., Salehi, E., Amiri, M.J., 2022. Landscape
conservation and protected areas (case of Dena, Iran). Environmental Monitoring and Assessment
194(2), 54.



YV ohylKas g warmo I /b luylu! o ylae pili coni' sloolKing j Coin I o las ol

Allan, J.R., Possingham, H.P., Atkinson, S.C., Waldron, A., Di Marco, M., Butchart, S.H., Watson,
J.E., 2022. The minimum land area requiring conservation attention to safeguard biodiversity.
Science 376(6597), 1094-1101.

Almond, R.E.A., Grooten, M., Juffe Bignoli, D., Petersen, T., 2022. Living Planet Report 2022—
Building a nature-positive society. WWF: Gland, Switzerland.

Anderson, J., Hardy, E.E., Roach, J.T., Witmer, R.E., 1976. 4 land use and land cover classification
system for use with remote sensor data (Professional Paper No. 964). U.S. Geological Survey.

Berta Aneseyee, A., Noszczyk, T., Soromessa, T., Elias, E., 2020. The InVEST habitat quality model
associated with land use/cover changes: A qualitative case study of the Winike Watershed in the
Omo-Gibe Basin, Southwest Ethiopia. Remote Sensing 12(7), 1103.

Chaplin-Kramer, R., Sharp, R.P.,, Weil, C., Bennett, E.M., Pascual, U., Arkema, K.K., Daily, G.C.,
2019. Global modeling of nature’s contributions to people. Science 366(6462), 255-258.

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.

Diaz, S., Settele, J., Brondizio, E.S., Ngo, H.T., Agard, J., Arneth, A., Zayas, C.N., 2019. Pervasive
human-driven decline of life on Earth points to the need for transformative change. Science
366(6471), eaax3100.

Ding, Q., Chen, Y., Bu, L., Ye, Y., 2021. Multi-scenario analysis of habitat quality in the Yellow River
delta by coupling FLUS with InVEST model. International Journal of Environmental Research and
Public Health 18(5), 2389.

Farid Giglou, M., Dastorani, M., Sadodin, A., 2022a. Evaluation of groundwater quality and its
suitability for drinking and agricultural use in Zanjan province, Iran. Environmental Earth Sciences
81(4), 1-15. (In Persian)

Farid Giglou, M., Dastorani, M., Sadodin, A., 2022b. Evaluation of groundwater quality and its
suitability for drinking and agricultural use in Zanjan province, Iran. Environmental Earth Sciences
81(4), 1-15. (In Persian).

Gharagozlou, A., Karbalace Ali, M., Karbalaee Ali, M., 2025. Habitat Quality Assessment in Relation
to Urban Development Using the InVEST Model and GIS: A Case Study of Qamsar City.
Interdisciplinary Journal of Civil Engineering 1(1), 53—67. (In Persian)

Gong, J., Xie, Y., Cao, S., Liu, D., 2023. Integrating the InVEST and FLUS models to assess future
impacts of land use change on ecosystem services in the Yellow River Basin. Ecological Indicators
151, 110323.

Haddad, N.M., Gonzalez, A., Brudvig, L.A., Burt, M.A., Levey, D.J., Damschen, E.I., 2021.
Experimental evidence does not support the Habitat Amount Hypothesis. Ecography 44(1), 45-57.

Ibisch, P.L., Hoffmann, M.T., Kreft, S., Pe’er, G., Kati, V., Biber-Freudenberger, L., Selva, N., 2020. A
global map of roadless areas and their conservation status. Science 370(6516), 698-701.

Jafarian, Z., Kargar, M., 2019. Forecasting of drought in Zanjan province using time series models.
Journal of Rangeland Science 9(3), 245-256. (In Persian).

Jones, K.R., Venter, O., Fuller, R.A., Allan, J.R., Maxwell, S.L., Negret, P.J., Watson, J.E., 2018. One-
third of global protected land is under intense human pressure. Science 360(6390), 788—791.

Kareiva, P., Watts, S., McDonald, R., Boucher, T., 2007. Domesticated nature: shaping landscapes and
ecosystems for human welfare. Science 316(5833), 1866-1869.

Karimi, A., Yazdandad, H., Reside, A.E., 2023. Spatial conservation prioritization for locating
protected area gaps in Iran. Biological Conservation. 279, 109902.

Kukkala, A.S., Moilanen, A., 2020. Ecosystem services and connectivity in spatial conservation
prioritization. Landscape Ecology 35(6), 1285-1298.

Moghanloo, L., Ghahremaninejad, F., Bidarlord, M., Norastehnia, A., 2023. Diversity and distribution
of endemic and threatened plant species in the Sorkhabad protected area, Zanjan, NW Iran and
identification of the biodiversity hotspots in the area. Natura Croatica: Periodicum Musei Historiae
Naturalis Croatici 32(1), 17-34.

Mojarad, M., Zare Chahouki, M.A., Jafari, M., 2021. The role of environmental factors on the
distribution of Juniperus species in Zanjan province, Iran. Journal of Mountain Science. 18(5),
1235-1248. (In Persian).



IFed oF 5,lais V3 5,50 o s Consj Laimo YvyY

Naseri, N., Danehkar, A., Mostafazadeh, R., 2025. Geospatial modelling of land use-based habitat
quality changes and predicting its degradation using the InVEST model. Geograficky
Casopis/Geographical Journal 77(3), 143—153.

Nejat, S.A., Dabiri, F., 2012. The study of Administrative and legal Challenges of the Protected Areas
of Zanjan Province. Journal of Environmental Studies 38(2), 55-68. (In Persian).

Nematollahi, S., Fakheran, S., Jafari, A., Pourmanafi, S., Kienast, F., 2022. Applying a systematic
conservation planning tool and ecological risk index for spatial prioritization and optimization of
protected area networks in Iran. Journal for Nature Conservation 66, 126144.

Rahimi, D., Arzani, H., Jalili, A., 2021. The relationship between soil characteristics and plant
distribution in the rangelands of Zanjan province, Iran. Journal of Arid Environments 184, 104312.
(In Persian).

Rahimi, E., Dong, P., 2022. What are the main human pressures affecting Iran’s protected areas?.
Journal of Environmental Studies and Sciences 12(4), 682—691.

Safarialamouti, P., Karamidehkordi, E., 2022. Specialists' views on participation of local communities
in the biodiversity conservation interventions of the Sorkhabad protected area in the Zanjan
province. Iranian Journal of Forest & Range Protection Research 20(2). (In Persian)

Safarialamouti, P., Karamidehkordi, E., Aazami, J., 2022. Analyzing biodiversity management
challenges in the Sorkhabad protected area of the Zanjan Province, using a grounded theory study.
Journal of Natural Environmental Hazards 11(33), 59—76. (In Persian).

Santos, M.J., Smith, A.B., Dekker, S.C., Eppinga, M.B., Leitdo, P.J., Moreno-Mateos, D., Pfister, S.,
2021. The role of land use and land cover change in climate change vulnerability assessments.
Environmental Research Letters 16(9), 093005.

Shahidinejad, F., Danehkar, A., Alizadeh Shabani, A., Sobhani, P., 2024. Investigation of road
accidents on the loss of wildlife species in the different provinces of Iran. Journal of Natural
Environment. 77(Ecology and Biodiversity Management) 199-211. (In Persian).

Sharp, R., Tallis, H.T., Ricketts, T., Guerry, A.D., Wood, S.A., Chaplin-Kramer, R., Vigerstol, K.,
2020. InVEST 3.12.0 User’s Guide. The Natural Capital Project, Stanford University. Available
online at: https://naturalcapitalproject.stanford.edu/software/invest.

Terrado, M., Sabater, S., Barceld, D., 2020. Integrating ecosystem services in river basin management:
The role of modeling. Science of The Total Environment 744, 140992.

Wang, J., Wu, Y., Gou, A., 2023. Habitat quality evolution characteristics and multi-scenario
prediction in Shenzhen based on PLUS and InVEST models. Frontiers in Environmental Science
11, 1146347.

Zarandian, A., Alemohammad, S., Ramezani Mehrian, M., 2026. Spatial-Fuzzy Analysis of Nature-
Based Tourism Potential and Sustainable Management Strategies for Identified Zones (Case Study:
Zanjan Province). Journal of Tourism Planning and Development 15 (56), 217- 237.

Zhang, X., Liao, L., Xu, Z., Zhang, J., Chi, M., Lan, S., Gan, Q., 2022. Interactive effects on habitat
quality using InVEST and GeoDetector models in Wenzhou, China. Land 11(5), 630.



