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ABSTRACT

Monitoring the spatial and temporal changes in vegetation cover
Received: 03 April 2026 is an important tool for assessing the condition of natural ecosystems and planning the
Reviewed: 20 May 2026 management of protected areas. Remote sensing data provide the capability for continuous
Revised: 12 September 2026 vegetation monitoring and enable the assessment of changes across different spatial and
Accepted: 28 October 2026 temporal scales. Golestan National Park, owing to its high biodiversity and considerable

extent of natural habitats, is one of the important areas in Iran for monitoring vegetation
changes. This study aimed to investigate the spatial and temporal changes in vegetation cover

KEYWORDS: in Golestan National Park during 2015-2025 and to assess their statistical relationships with
Temporal Variations precipitation, air temperature, and land surface temperature.

Vegetation Cover m In this study, Landsat 8 and Landsat 9 images with a spatial resolution of 30 m were
Environmental Degradation processed in the Google Earth Engine environment, and the Normalized Difference
Biodiversity Vegetation Index (NDVI) was calculated for all images. After generating annual composites,
Ecological Sustainability the spatial mean of NDVI was extracted for each year from 2015 to 2025. NDVI maps for 2015,

2019, 2023, and 2025, as well as a difference map between 2015 and 2025, were also
generated. In addition, annual cumulative precipitation was derived from CHIRPS data, annual

* Corresponding author mean air temperature from ERA5-Land, and annual mean land surface temperature (LST) from
£ a_milan@sbu.ac.ir the MODIS MOD11A2 product. Descriptive statistics, the Mann—Kendall test, Sen’s slope
@ (+9821) 73932456 estimator, linear regression, and Pearson and Spearman correlation coefficients were applied

to analyze the 11-yeartime series.

The mean NDVI over the study period was 0.227, with a coefficient of variation of
11.56%. Comparison of 2015 and 2025 indicated an approximately 5.56% decrease in NDVI;
however, the Mann—Kendall test did not confirm a statistically significant decreasing trend.
Air temperature showed an increasing trend, whereas precipitation and land surface
temperature exhibited decreasing trends; however, none of these trends was statistically
significant at the 0.05 significance level. Among the relationships examined, the relationship
between NDVI and air temperature was negative and statistically significant (Pearson:...). The
relationship between NDVI and precipitation was positive (...), but did not reach statistical
significance. The relationship between NDVI and LST was also negative and statistically non-
significant (...). The NDVI difference map revealed the simultaneous occurrence of areas with
relative increases and decreases in NDVI across different parts of the park.
The results showed that vegetation cover in Golestan National Park experienced
interannual fluctuations and spatial variations during 2015-2025; however, based on the
analyzed time series, there was insufficient statistical evidence to confirm a significant
decreasing trend across the entire park. At the same time, the significant negative relationship
between NDVI and air temperature indicated a statistical association between variations in
these two variables at the annual scale, although this relationship alone does not imply
causality. The NDVI maps and difference map can be used as preliminary monitoring tools for
identifying areas experiencing changes and for prioritizing field investigations. Future studies
are recommended to extend the length of the statistical record, use monthly or seasonal data,
investigate the time-lagged relationship between precipitation and NDVI, and incorporate
field observations and complementary spatial layers to provide a more accurate assessment
of the factors influencing vegetation changes.
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Table 2: Descriptive statistics of the variables under study for the period 2015-2025

Variable Mean Standard Deviation Minimum Maximum Coefficient of Variation (%)
NDVI 0.227 0.028 0.174 0.270 11.56
Air Temperature (°C) 12.779 0.532 11.870 13.497 3.97
Precipitation (mm) 382.852 73.222 301.693 557.935 18.24
LST (°C) 21.048 1.261 18.635 23.021 571
Sen s 59,515 g Mann—Kendall 5031 s ¥ Jgaz
Table 3:Results of the Mann—Kendall test and Sen's slope estimator
Variable Z-statistic p-value Sen's Slope Trend Interpretation
NDVI 0.000 1.000 -0.000369 Decreasing, non-significant
Air Temperature 0.778 0.436 +0.055999 Increasing, non-significant
Precipitation -1.868 0.062 -9.677120 Decreasing, non-significant
LST -1.246 0.213 -0.189382 Decreasing, non-significant

YovO=Y 100,55 b adlas s g0 o it s g 5zl :f Jsux
Table 4:Linear regression results for the variables under study during the 2015-2025 period

Variable Annual Slope R? RMSE
NDVI -0.000360 0.0019 0.0263

Air Temperature +0.0454 °C 0.0801 0.4862
Precipitation -10.650 mm 0.2327 61.154
LST -0.1821°C 0.2296 1.0551




J. RS. GEOINF. RES. 4(2): 305-320, Summer & Autumn 2026 (YV)

1Fod juls 5.0 lawli F oplass JF alo o ilSo coleSb/ 5 430 I i slojingly cole i

oo g -0.688 Ll Pearson cu,o ol olis |y al,
alal) sl p =0.019 jlais 0wl cuws 4-0.755 L il ,.Spearman
Gokel Sl 5l s mhaw jo bLSI ol 45 sas e lisPearson
& ol le (gladlhio 5 a¥le jubie ;o cplply cwl o gme
ol o NDVI 5yl polie b Logas cslaiisls (6 5YL (slon (sloo
20 oo Lis 5.5 Pearson 4;Spearman g o (09 Suo 35 iled g
s ool a5 el 51 36 5 el () e Sz 45
(lie ;o el oads Jaas (g0l o B pd polie glad, a3 5 )0
Cewd 454,09+ Ll Pearson cu 5 5 09y Cudie y,b g NDVI alal,
sy led Sl Wi amoeny Sl Azl el
e Lol adly Jibn sledle jo e Cunds 4 LS
O eaylilogle Sl 6 hls pire mlan 51 3YL Swilp = 0.056
P Lol Code aba) Glorea ooy ol oz )ly 5o aka,
ool )Ll 1Sy 3525 T ol 2 g3 a5 955 50 5155
Pearson . yo g i 35 LSTLNDVI alal .5, 0 b 1y NDVI 4y
P = ,lade Lol el Cws -+ 07F L il Spearman g—- 11 b ol
Al s e gy sxe mhaw o akaly pl a8 ol L250.210
s 0 xa (5 Lal

aR? = 0.0019 ol Hlews oo Lol wgo Jlw jo =oye T4 L
1y NDVI (5 23y s 51 (oo g Loy ¥l (a3 iy, o5 ol
5 Cowl lg3een Mann—Kendall yge3l b doms cpl om0 ol gmdss
oo cllags 18b cos i NDVI &l s oS aas oo ol
5808 Codle caed b g sleo adeie o Wg; SO U losy
sl swms o ol R? = 0.0801 g Jlo ;0 ogads 4> y0
R%=0.2327 3 Jlo ;0 yio duo V5,10 Lats o (o)L gl 0l
P gedis 450 AT e ol 5110 55 LST g dl G &
& yuiie oyl Ol yusds g a5 ol by 090 R = 0.2296 9 Jlw
s Ky, Ge;] 50 syl (5l pre 955 Lol wen] anseis B
ol Sowaily ahad Ol Glgreds Lo lacys (pl 45 weo o
Lt olojen sl cos aLS by aSul 4 arg L sisd
olel Lol ) el g oS 0l 518 sy 5 )l
wlp @S e o) gl sled 5 )L dea sles LNDVI
ol &l O Jgoam 5 O IS o Spearman g Pearson S
Lol

i 5 lss 5Les LNDVT LS ) conds sos 0 Lals y (ylice 4o

Correlation Matrices of Environmental Variables

Pearson Correlation

NDVI_Meun

1000 Temperature

Precipitation 0.590 - 1,000

L1000

NDVI_Mean

Precipitation

Spearman Rank Correlation

100

0.75

050

£0.709

025

0.00

—0.25

Correlation Coefficient

—0.50

1000 075

-1.00

LSTs y5,b ds2 (sles «NDVI, Spearman gPearson (Siad ool o (o ke 0 JS
Fig. 5: Pearson and Spearman correlation coefficient matrix among NDVI, air temperature, precipitation, and LST

gf“)‘)’ 5$¢E|6LQWLNDV|6§S..MA;A|J.@ 0 JSJ.?

Table 5: Correlation coefficients of NDVI with climatic and thermal variables

Relationship Pearson (r) Spearman (p) Pearson p-value
NDVI — Air Temperature -0.688 -0.755 0.019
NDVI — Precipitation +0.590 +0.427 0.056
NDVI - LST -0411 -0.564 0.210
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Table 6: Changes in environmental variables between 2015 and 2025

Variable 2015 2025 Change (%)
NDVI 0.2332 0.2203 -5.56
Air Temperature (°C) 12.75 1331 +4.39
Precipitation (mm) 363.80 301.69 -17.07
LST (°C) 2143 19.54 -8.84
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Fig. 7: Radar chart of the percentage change in environmental variables between 2015 and 2025

S ams e Lis Ghegn onl Gloj g (e laadly iggene )3
Aag LY -YOL YN0 0)90 (b lnds (Lo S 2L Al
VO slalo pedins duglie ;5 g 039 oo (Jlu o a2 o5 JI8
JB ol L sl 00 oaline NDVI 5000 0,01 zalS (Y- Y0
3,550l 1) s sime ctalS W, S 39>5 Mann—Kendall -yge ]
NDVI L, s ol L3l oy it oo (slod oo cus y o Jolge ylo o
Llslas Jb j0 w0s )l pxe g s2in NDVIL o] abasl, g ols ol
bl giie LST L bLs,l 5 s b dme ailiw] jo Lol cude (o)L L
o slos Ghalidl s ()L s (20lS G0 S5 05 I (e
dyo sled gNDVI i alafl, ;LS 15 w050 slol g lacl anglin o
oy 5o Yaio| Sl o (LS iudgy Sl 45 s e i
@ arg bl ol bl s BB arme Jole cpoiz Jolss
Woads sl ¥l sanlive V) L5 aly s o Lol (glo lulos Sl
9 gy (g )lol Slojon 5 bLS,| 5l ganlyd (lyieas il @l
Ay 5 ool Dy oo gabd o alad, Ll 51 Gl ool
(NDVIgloaldi oS 5w opl 400,85 blazul olS Gibsy
(o g (g Sy gy ot (hrogi el (Lols ani
a) pleds” Jo SOL LS b Conds a4z LS s g
Pl oy ol ibg S Ol o a5 glaisS ey s oo
el HLa5 5INDVI ials aig, el VY 0y50 (b g S,L S wlibo
o Slod 0ad pu )y (soalBl Slo tin Glos )3 5 Cansd 0 Sre

el 001 SLESNDVI ¥l &l i U 1y oLl Bl o 5s53

S 5 Axais

PLS s Gl g Sloy Dlisd Galy Bas gy onl o
gl SINDVI as L Y YO B Y10 6,90 b liedS Lo oS0,



A. Milan et al.

(A

OHas 550 ol

https://doi.org/10.1016/j.jnc.2025.127081

[2] Akbarzadeh P, Nikoo, Akbarzadeh M. Investigating Spatial and
Temporal Changes in Vegetation viaRemote Sensing Indicators and
Revealing Their Trends in The Central Desert of Iran. 2025.
https://doi.org/10.35762/AER.2025024

[3] Aktirk E. Seasonal Vegetation Trends in Biomes of Tlrkiye: A
Decade-Long Analysis Using NDVI Time Series. Bartin Orman
Fakultesi Dergisi. 2024.

https://doi.org/10.24011/barofd.1468085

[4] Alemayehu B, Suarez-Minguez J, Rosette J, Khan SA. Vegetation
Trend Detection Using Time Series Satellite Data as Ecosystem
Condition Indicators for Analysis in the Northwestern Highlands of
Ethiopia. Remote Sensing [Internet]. 2023; 15(20):[5032 p.].
https://doi.org/10.3390/rs15205032

[5] Alizadeh M, Jafari R. Investigation of vegetation trend changes
in the bioclimates of Isfahan Province under the influence of
climatic parameters. Arid Biom. 2024;14(2):19-33.
d0i:10.29252/aridbiom.2025.21660.2013. Persian.

[6] Arkhi S, Barzegar Savasari M, Suri Zaei N, Eshqi B. Investigation
of the correlation between vegetation indices in drought analysis
using MODIS images (case study: Qom, Isfahan, Chaharmahal and
Bakhtiari, and Markazi provinces). Desert Ecosystem Engineering
2024;12(41):1-20.

doi:10.22052/deej.2024.254106.1039. Persian.

[7] Fensholt R, Horion S, Tagesson T, Ehammer A, Ivits E, Rasmussen
K. Global-scale mapping of changes in ecosystem functioning from
earth observation-based trends in total and recurrent vegetation.
Global Ecology and Biogeography. 2015;24.
https://doi.org/10.1111/geb.12338

[8] Ghaffarian Malmiri H, Zare Khormizi H. Investigation of
vegetation changesin Iran using NOAA-AVHRR NDVI time seriesand
harmonic analysis of time series (HANTS). Sepehr (Geographical
Information). 2020;29(113):141-158.
do0i:10.22131/sepehr.2020.40476. Persian.

[9] Gao C,Ren X, Fan L, He H, Zhang L, Zhang X, et al. Assessing the
Vegetation Dynamics and Its Influencing Factors in Central Asia
from 2001 to 2020. Remote Sensing [Internet]. 2023; 15(19):(4670
p.]. https://doi.org/10.3390/rs15194670

[10] Gong E, Ma Z, Wang Z, Zhang J. Spatiotemporal Dynamics of
Vegetation Productivity and Its Response to Meteorological Factors
in China. Atmosphere [Internet]. 2024; 15(4):[491 p.].
https://doi.org/10.3390/atmos15040491

[11] Hussien K, Kassa A, Amera A, Beza S, Haile Erena S.
Spatiotemporal trends of NDVI and its response to climate
variability in the Abbay River Basin, Ethiopia. Heliyon.
2023;9:e14113. https://doi.org/10.1016/j.heliyon.2023.e14113

[12] Jafari R, Lewis M, Ostendorf B. Evaluation of vegetation indices
for assessing vegetation cover in southern arid lands in South
Australia. Rangeland Journal - RANGELAND J.2007;29.
https://doi.org/10.1071/RJ06033

[13] Jahadi R, Safidi K. Analysis of vegetation trend and ecosystem
health monitoring using remote sensing (case study: Fandoghlu
region). Iranian Journal of Forest. 2024;16(2):291-310. [In Persian]
doi:10.22034/ijf.2024.411977.1940

-0 o o Ll (1= 0.590,p = 0.056) 592 Coie il LNDVI
(r=o5 o gmeyed Jy (sito 5 LSTL o] abaly 5 02 )l e
a3 s L gy beasly (bl () —0.411,p = 0.210).
i b it asllae s 50 0,95 0 Sy (LS iligy Slyis o
sy U5 5ol anlys ilara JS olia 15 5 0552 oyad oo
Ll el e j0 00 lai 092 g NDVI o sxe ialS W35, S anl
il Olysi a5 aes oo liilga gles LNDVI Hls sxe g 20
o392 olyon (BLS Al Cundg Slds b AVl Gulide )3 ga
Sl e aaly 3525 Gline 4 Qlees abal) pl aiz ya (ool
Ailgs oo oaldgs Jola asa o NDVI sloaiss (g0l las
O g e S (2l olelid 6l adsl bl Glgea
B odliinls)ge (5o e g (oo Lo o) 2 ST yloCuglsl Bl
Cuxdg Glejee bl el cedBl glaoslo byl oS 5 g 058
WS o ol 3 ) e Ll g (LS lis
2 A s @ gy cnl yo odliinl s )50 ozl (iaren
Zol8 < Google Earth Engine ,o i3ls 5 g 590 5l tomiw slaosls
azg byl |y gom looyee by lp Sluyiss 9,1
gty ¥l Slanline o5 sl g alls V) o) (6 pos Sy gime
aslsl S Vsboyss S uo (b cnleunl slatiagh ;5 05 e
dad b adale uliiie O NDVI s ca¥l olidlo 52 09dle g ol
4 2LS by gl Gloy b ) rizen 958 ()
5 S i S5lsST 5 selis| sloasly 55 iy, ol o 5
pss Ce qwy 0 6l oS sy ¢ lae sloosls jloslaiul
Oidigy sloeSl 33 580 sy ayled oo Lolar Al yo ouliodaline
b slralosz )l o gk (rlig gemme 0 1S S (AL
Sk Sl 5 ool kit Jojen sy s (LS Gidsy peies
5118 05290 )bl @l 5l 4SSl g s oo ] GlenlS” (o

(09 (6 S A ool Cawody anlgls

OB w5 oSy line

Al asls o8 jlie wlpy cans @y Bacig g @lae ol jo

@‘Q)MS S

Wid S (6, B opl planil o Lo aST 5o aldST lalwy (s

&l (ol

ool 00is (s (S aingi Jawsd a8lie o,las aigSon,e »

asb g &b

[1] Abulibdeh A. The role of protected areas in modulating
vegetation response to climatic stressorsin hyper-arid ecosystems.
Journal for Nature Conservation. 2025;89:127081.


https://doi.org/10.1016/j.jnc.2025.127081
https://doi.org/10.1016/j.jnc.2025.127081
https://doi.org/10.1016/j.jnc.2025.127081
https://doi.org/10.1016/j.jnc.2025.127081
https://doi.org/10.35762/AER.2025024
https://doi.org/10.35762/AER.2025024
https://doi.org/10.35762/AER.2025024
https://doi.org/10.35762/AER.2025024
https://doi.org/10.24011/barofd.1468085
https://doi.org/10.24011/barofd.1468085
https://doi.org/10.24011/barofd.1468085
https://doi.org/10.3390/rs15205032
https://doi.org/10.3390/rs15205032
https://doi.org/10.3390/rs15205032
https://doi.org/10.3390/rs15205032
https://doi.org/10.3390/rs15205032
doi:10.29252/aridbiom.2025.21660.2013.%20Persian.
doi:10.29252/aridbiom.2025.21660.2013.%20Persian.
doi:10.29252/aridbiom.2025.21660.2013.%20Persian.
doi:10.22052/deej.2024.254106.1039.%20Persian.
doi:10.22052/deej.2024.254106.1039.%20Persian.
doi:10.22052/deej.2024.254106.1039.%20Persian.
doi:10.22052/deej.2024.254106.1039.%20Persian.
doi:10.22052/deej.2024.254106.1039.%20Persian.
https://doi.org/10.1111/geb.12338
https://doi.org/10.1111/geb.12338
https://doi.org/10.1111/geb.12338
https://doi.org/10.1111/geb.12338
https://doi.org/10.1111/geb.12338
doi:10.22131/sepehr.2020.40476.%20Persian.
doi:10.22131/sepehr.2020.40476.%20Persian.
doi:10.22131/sepehr.2020.40476.%20Persian.
doi:10.22131/sepehr.2020.40476.%20Persian.
https://doi.org/10.3390/rs15194670
https://doi.org/10.3390/rs15194670
https://doi.org/10.3390/rs15194670
https://doi.org/10.3390/rs15194670
https://doi.org/10.3390/rs15194670
https://doi.org/10.3390/atmos15040491
https://doi.org/10.3390/atmos15040491
https://doi.org/10.3390/atmos15040491
https://doi.org/10.3390/atmos15040491
https://doi.org/10.1016/j.heliyon.2023.e14113
https://doi.org/10.1016/j.heliyon.2023.e14113
https://doi.org/10.1016/j.heliyon.2023.e14113
https://doi.org/10.1016/j.heliyon.2023.e14113
https://doi.org/10.1071/RJ06033
https://doi.org/10.1071/RJ06033
https://doi.org/10.1071/RJ06033
https://doi.org/10.1071/RJ06033
doi:10.22034/ijf.2024.411977.1940.
doi:10.22034/ijf.2024.411977.1940.
doi:10.22034/ijf.2024.411977.1940.

J. RS. GEOINF. RES. 4(2): 305-320, Summer & Autumn 2026

(¥19)

1Fod juls 5.0 lawli F oplass JF alo o ilSo coleSb/ 5 430 I i slojingly cole i

Kurdistan Province). Journal of Forest and Wood Products.
2019;72(3):193-204. [In Persian]
d0i:10.22059/jfwp.2019.277944.995.

[27] Vagi¢ N. Comparative analysis of NDVI index and different
satellite images classifications in determination the vegetation
inventory of Vrcin settlement. Zbornik radova - Geografski fakultet
Univerziteta u Beogradu. 2018;2018:63-83.
https://doi.org/10.5937/zrgfub1802063V

[28] Varouchakis E, Komnitsas K, Galetakis M. Spatiotemporal
Analysis of Vegetation Health and Moisture Dynamics in
Rehabilitated Mining Quarries Using Satellite Imagery.
Environmental Processes. 2025;12.
https://doi.org/10.1007/s40710-025-00781-3

[29] W.Hassan M. The Effects of Climate Change on Normalized
Difference Vegetation Index (NDVI) in the Al-Hawizeh Marsh.
International Journal of Environment and Climate Change.
2024;14:208-17. https://doi.org/10.9734/ijecc/2024/v14i84343

[30] Wei M, Jiao L, Zhang P, Xue R, Wang X, Li Q, et al. Spatial and
temporal characteristics of vegetation resilience to drought in
China. Science China Earth Sciences. 2025;68.
https://doi.org/10.1007/s11430-024-1604-3

[31] Wu Y, Yang J, Li S-L, Guo C, Yang X-D, Xu Y, et al. NDVI-Based
Vegetation Dynamics and Their Responses to Climate Change and
Human Activities from 2000 to 2020 in Miaoling Karst Mountain
Area, SW China. Land. 2023;12:1267.
https://doi.org/10.3390/land12071267

[32] Yan K, Gao S, Yan G, Ma X, Chen X, Zhu P, et al. A global
systematic review of the remote sensing vegetation indices.
International Journal of Applied Earth Observation and
Geoinformation. 2025;139:104560.
https://doi.org/10.1016/j.jag.2025.104560

[33] Yao Zhang JSWL. Temporal and spatial trends in NDVI of
vegetation in water level fluctuation zone and drivers along an
altitude gradient in the Yarlung Zangbo River Basin. Biodiversity
Science. 2024;32(5):23432.
https://doi.org/10.17520/biods.2023432

[34] Zare Khormizi H, Ghafarian Malamiri HR. Investigation of
phenological components changes of Iranian vegetation in
response to climate change using NDVI products of AVHRR sensor
from 1982 to 2018. Journal of RS and GIS for Natural Resources.
2020;11(4):87-113. [In Persian] 10.30495/girs.2020.675970.

[35] Zhang H, Li L, Xiaoen Z, Rl FC, Wei J, FengZ, et al. Changes in
Vegetation NDVI and Its Response to Climate Change and Human
Activitiesin the Ferghana Basin from 1982 to 2015. Remote Sensing.
2024;16:1296.

https://doi.org/10.3390/rs16071296

[36] Zhang X, Friedl M, Schaaf C, Strahler A. Climate controls on
vegetation phenological patterns in northern mid- and high
latitudes inferred from MODIS data. Global Change Biology. 2004;
10:1133-45. https://doi.org/10.1111/j.1529-8817.2003.00784.x

[37] Zhao C, Pan Y, Zhang P. Development of a new indicator for
identifying vegetation destruction events using remote sensing
data. Ecological Indicators. 2024;166:112553.
https://doi.org/10.1016/j.ecolind.2024.112553

[14] Jin C. Remote sensing and meteorological data-driven
prediction of seasonal changes and optimization of urban roadside
plant landscape configuration. Environmental Systems Research.
2025;14. https://doi.org/10.1186/s40068-025-00426-2

[15] Jong R, Schaepman M, Furrer R, de BruinS, Verburg P. Spatial
relationship between climatologies and changes in global
vegetation activity. Global change biology. 2013;19.
https://doi.org/10.1111/gcbh.12193

[16]LiL, XiaR, Dou M, Ling M, Li G, WangC, et al. Integrating landsat
NDVI data with climate and anthropogenic factors revealsdrivers of
vegetation dynamics in the semi-arid Basin of Western China.
Scientific Reports. 2025;15.
https://doi.org/10.1038/541598-025-02360-w

[17] LiL, Xin X, Zhao J, Yang A, Wu S, Zhang H, et al. Remote Sensing
Monitoring and Assessment of Global Vegetation Status and
Changes during 2016—-2020. Sensors [Internet]. 2023; 23(20):[8452
p.]. https://doi.org/10.3390/s23208452

[18] Li M, Cao S, Zhu Z. Spatiotemporally consistent global dataset
of the GIMMS Normalized Difference Vegetation Index (PKU
GIMMS NDVI) from 1982 t020202023.
https://doi.org/10.5194/essd-15-4181-2023

[19] Lu Y, Yu Y, Sun L, Li C, He J, Zengkun G, et al. NDVI based
vegetation dynamics and responses to climate change and human
activities at Xinjiang from 2001 to 2020. Scientific Reports. 2025;15.
https://doi.org/10.1038/s41598-025-11677-5

[20] Matas-Granados L, Pizarro M, Cayuela L, Domingo D, GomezD,
Garcia M. Long-term monitoring of NDVI changes by remote
sensing to assess the vulnerability of threatened plants. Biological
Conservation. 2022;265:109428.
https://doi.org/10.1016/j.biocon.2021.109428

[21] Mehmood K, Anees S, Muhammad S, Hussain K, Shahzad F, Liu
Q, et al. Analyzing vegetation health dynamics across seasons and
regions through NDVI and climatic variables. Scientific Reports.
2024;14. https://doi.org/10.1038/s41598-024-62464-7

[22] Qian C, Shao L, Hou X, Zhang B, Chen W, Xia X. Detection and
attribution of vegetation greening trend across distinct local
landscapes under China's Grain to Green Program: A case study in
Shaanxi Province. Catena. 2019;183:104182.
https://doi.org/10.1016/j.catena.2019.104182

[23] Rahman G, Farooq U, Jung M-K, Kwon H-H. Spatiotemporal
vegetation dynamicsin South Asia (2001-2023): roles of climate and
anthropogenic activities.  Geoscience  Letters. 2025;12.
https://doi.org/10.1186/s40562-025-00403-8

[24] Rahmi Ma, Parikesit P, Withaningsih S. Vegetation change
analysis using Normalized Difference Vegetation Index (NDVI) in
Sumedang Regency. E3S Web of Conferences. 2024;495.
https://doi.org/10.1051/e3sconf/202449502007

[25] Sarli R, Roshan G, Garb A. Assessment and prediction of
vegetation changes in Mazandaran Province during 2005-2017
using Markov chain and GIS. Sepehr (Geographical Information).
2019;28(111):149-162. [In Persian]
doi:10.22131/sepehr.2019.37514

[26] Shabanipour M, Darvishsefat AA, Rahmani R. Analysis of long-
term vegetation changes using MODIS-NDVI time series (case study:


https://doi.org/10.1186/s40068-025-00426-2
https://doi.org/10.1186/s40068-025-00426-2
https://doi.org/10.1186/s40068-025-00426-2
https://doi.org/10.1186/s40068-025-00426-2
https://doi.org/10.1111/gcb.12193
https://doi.org/10.1111/gcb.12193
https://doi.org/10.1111/gcb.12193
https://doi.org/10.1038/s41598-025-02360-w
https://doi.org/10.1038/s41598-025-02360-w
https://doi.org/10.1038/s41598-025-02360-w
https://doi.org/10.1038/s41598-025-02360-w
https://doi.org/10.3390/s23208452
https://doi.org/10.3390/s23208452
https://doi.org/10.3390/s23208452
https://doi.org/10.3390/s23208452
https://doi.org/10.3390/s23208452
https://doi.org/10.5194/essd-15-4181-2023
https://doi.org/10.5194/essd-15-4181-2023
https://doi.org/10.5194/essd-15-4181-2023
https://doi.org/10.1038/s41598-025-11677-5
https://doi.org/10.1038/s41598-025-11677-5
https://doi.org/10.1038/s41598-025-11677-5
https://doi.org/10.1016/j.biocon.2021.109428
https://doi.org/10.1016/j.biocon.2021.109428
https://doi.org/10.1016/j.biocon.2021.109428
https://doi.org/10.1016/j.biocon.2021.109428
https://doi.org/10.1038/s41598-024-62464-7
https://doi.org/10.1038/s41598-024-62464-7
https://doi.org/10.1038/s41598-024-62464-7
https://doi.org/10.1038/s41598-024-62464-7
https://doi.org/10.1016/j.catena.2019.104182
https://doi.org/10.1016/j.catena.2019.104182
https://doi.org/10.1016/j.catena.2019.104182
https://doi.org/10.1016/j.catena.2019.104182
https://doi.org/10.1186/s40562-025-00403-8
https://doi.org/10.1186/s40562-025-00403-8
https://doi.org/10.1186/s40562-025-00403-8
https://doi.org/10.1051/e3sconf/202449502007
https://doi.org/10.1051/e3sconf/202449502007
https://doi.org/10.1051/e3sconf/202449502007
https://doi.org/10.1051/e3sconf/202449502007
doi:10.22131/sepehr.2019.37514
doi:10.22131/sepehr.2019.37514
doi:10.22131/sepehr.2019.37514
doi:10.22131/sepehr.2019.37514
doi:10.22059/jfwp.2019.277944.995.
doi:10.22059/jfwp.2019.277944.995.
doi:10.22059/jfwp.2019.277944.995.
doi:10.22059/jfwp.2019.277944.995.
https://doi.org/10.5937/zrgfub1802063V
https://doi.org/10.5937/zrgfub1802063V
https://doi.org/10.5937/zrgfub1802063V
https://doi.org/10.5937/zrgfub1802063V
https://doi.org/10.1007/s40710-025-00781-3
https://doi.org/10.1007/s40710-025-00781-3
https://doi.org/10.1007/s40710-025-00781-3
https://doi.org/10.1007/s40710-025-00781-3
https://doi.org/10.9734/ijecc/2024/v14i84343
https://doi.org/10.9734/ijecc/2024/v14i84343
https://doi.org/10.9734/ijecc/2024/v14i84343
https://doi.org/10.9734/ijecc/2024/v14i84343
https://doi.org/10.1007/s11430-024-1604-3
https://doi.org/10.1007/s11430-024-1604-3
https://doi.org/10.1007/s11430-024-1604-3
https://doi.org/10.3390/land12071267
https://doi.org/10.3390/land12071267
https://doi.org/10.3390/land12071267
https://doi.org/10.3390/land12071267
https://doi.org/10.3390/land12071267
https://doi.org/10.1016/j.jag.2025.104560
https://doi.org/10.1016/j.jag.2025.104560
https://doi.org/10.1016/j.jag.2025.104560
https://doi.org/10.1016/j.jag.2025.104560
https://doi.org/10.17520/biods.2023432
https://doi.org/10.17520/biods.2023432
https://doi.org/10.17520/biods.2023432
https://doi.org/10.17520/biods.2023432
https://doi.org/10.17520/biods.2023432
https://sanad.iau.ir/Journal/girs/Article/902766/FullText.%20%2010.30495/girs.2020.675970
https://sanad.iau.ir/Journal/girs/Article/902766/FullText.%20%2010.30495/girs.2020.675970
https://sanad.iau.ir/Journal/girs/Article/902766/FullText.%20%2010.30495/girs.2020.675970
https://sanad.iau.ir/Journal/girs/Article/902766/FullText.%20%2010.30495/girs.2020.675970
https://sanad.iau.ir/Journal/girs/Article/902766/FullText.%20%2010.30495/girs.2020.675970
https://doi.org/10.30495/girs.2020.675970
https://doi.org/10.3390/rs16071296
https://doi.org/10.3390/rs16071296
https://doi.org/10.3390/rs16071296
https://doi.org/10.3390/rs16071296
https://doi.org/10.1111/j.1529-8817.2003.00784.x
https://doi.org/10.1111/j.1529-8817.2003.00784.x
https://doi.org/10.1111/j.1529-8817.2003.00784.x
https://doi.org/10.1111/j.1529-8817.2003.00784.x
https://doi.org/10.1016/j.ecolind.2024.112553
https://doi.org/10.1016/j.ecolind.2024.112553
https://doi.org/10.1016/j.ecolind.2024.112553
https://doi.org/10.1016/j.ecolind.2024.112553

A. Milan et al.

OHas 550 ol

g 09,5 Lol (Dl yrl
el pas (cwrdige 0SS [0 (5,0 e
Ghils i gl oRily sy Lazeo g
wlys  gaio oKl 3l 6558 S ae
e A,y aweb pallas
a4 s 5555 U plaa) il 55l 5958 - 6 )l s
e el 9 (J31o sla il 14187 5 EMe ;0 Suie YL
O sy, Ten8 il o lee lial paass sladie) wloud

A5l (oo prglad (315 g wlslS )93 5]
Milan, A. Assistant Professor, Faculty of Civil, Water and
Environmental Engineering, Shahid Beheshti University,
Tehran, Iran
(4 a_milan@sbu.ac.ir

(S s (pwiigee slolinl (53256 1585
Gy Janme g Ol pos  cwdige 0aSiilo
J iS5 s Sy lyls o gy augds olRKiils
39 3 o Al ey ey olKidls
Ve Sl 4 Ghge ot plal ool
5 A3 Gla il aus g OMore [0 dasie
5las,le plagl saass lbde) wilead joxe ol
Gl gy aze 5 lin o o 5o Gl
Azizi, Z. Assistant Professor, Faculty of Civil, Water and
Environmental Engineering, Shahid Beheshti University,

Tehran, Iran
@ P .
<) zah_azizi@ sbu.ac.ir

[38] Zzhao Q, Qu Y. The Retrieval of Ground NDVI (Normalized
Difference Vegetation Index) Data Consistent with Remote-Sensing
Observations. Remote Sensing [Internet]. 2024; 16(7):[1212 p.].
https://doi.org/10.3390/rs16071212

[39] Zhu Z, Zhang J, Yang Z, Aljaddani A, Cohen W, Qiu S, et al.
Continuous monitoring of land disturbance based on Landsat time
series. Remote Sensing of Environment. 2019.
https://doi.org/10.1016/j.rse.2019.03.009

R LS COWEp Bl JU
AUTHOR(S) BIOSKETCHES

ot 8y I3 g
2 Js850 yeligaus ol 51 g,ls pacds
)15 adaie gl (g9 ] VYA Lo
Gyl )5 5id ()T 50 5558 Gyl 5l als))
Gk ol Griaes 5 (Sl eed olSadl
oXzily (530455 !5 o Hlas o slascul
ahto jo pdo o 10 goud a8 pdy 8wk (pallpeaiasles
Jrams &y Jondon sl 9 o231 (g el 938 0 )| gl S
GrSoll g Gl aie) jo chagh Blsw sl Glial all
bylsnle gl 5l oolitol b T sloare; 5 LalsS Lidgy olpwis
by Cullad 1 (Deeplearning) geos (s 5ol 0j9> ;0 g 009

.o))‘é C‘)Lef"ﬁ

Ghodsifar, A., M.Sc. Student in Photogrammetry, Faculty of
Civil, Water, and Environmental Engineering, Shahid Beheshti
University, Tehran, Iran

= a.ghodsifar@mail.sbu.ac.ir

RES. 2026; 4(2): 305-320
4 https://doi.org/10.22061/jrsgr.2026.13034.1122

Citation (Vancouver): Ghodsifar A, Milan A, Azizi Z. [Ecological monitoring and analysis of temporal changesin
vegetation cover using NDVI index and remote sensing data (Case study: Golestan National Park)]. J. RS. GEOINF.

COPYRIGHTS

@ 0 e © 2026 The Author(s). This is an open-access article distributed under the terms and conditions of the Creative
—ar- Attribution-NonCommercial 4.0 International (CC BY-NC4.0)

(https://creativecommons.org/licenses/by-nc/4.0/)



https://doi.org/10.3390/rs16071212
https://doi.org/10.3390/rs16071212
https://doi.org/10.3390/rs16071212
https://doi.org/10.3390/rs16071212
https://doi.org/10.1016/j.rse.2019.03.009
https://doi.org/10.1016/j.rse.2019.03.009
https://doi.org/10.1016/j.rse.2019.03.009
mailto:a.ghodsifar@mail.sbu.ac.ir
https://creativecommons.org/licenses/by-nc/4.0/

