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The degradation of vegetation is an essential parameter for studying
environmental changes. Therefore, understanding the processes and
factors affecting vegetation changes is crucial. In this study, we used
remote sensing data from the MODIS sensor and reanalyzed data from
ERAGS to investigate the trend of changes in Normalized Difference
Vegetation Index (NDVI), Land Surface Temperature (LST), actual
evaporation and transpiration (ET), and rainfall in Hormozgan province.
The data was analyzed using the Man-Kendall method and Sen’s slope
estimates between 2001 and 2022. Then, the correlation between
vegetation cover and temperature, evaporation and transpiration, and
rainfall in this period was calculated. Investigating the trend of monthly
vegetation changes using the Mann-Kendall statistic showed that the
vegetation has increased in more than 80% of the province's area, and
the slope of the estimate also confirms this increase. The examination of
the changes in the temperature of the earth's surface, actual evaporation
transpiration, and rainfall also showed that the trends of the changes in
evaporation, transpiration, temperature of the earth's surface, and rainfall
were increasing in most months. This increase was seen in over 65, 85
and 61% of the province, respectively. Investigating the correlation
between vegetation cover and surface temperature index showed that
this relationship is negative and strong in cold months. Examining the
relationship between vegetation and actual evaporation and transpiration
also showed that this relationship is positive in most months and more
than 53% of the province. The investigation into the correlation between
vegetation cover, and rainfall indicates that this relationship is
predominantly positive throughout most months and is observable in
over 54% of Hormozgan province. These findings suggest that it is
feasible to use remote sensing data to analyze the connections between
various variables, vegetation changes, and their evolution over time.
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Extended Abstract

Introduction

In recent decades, land degradation has emerged as a critical global environmental issue that has
garnered attention from researchers, planners, and policymakers. It refers to the temporary or
permanent decline in land productivity due to physical, chemical, and biological factors
impacting agricultural production, ecosystem functions, quality of life, and human livelihood.
Vegetation and soil degradation, leading to the loss of high-quality vegetation and soil, are
considered significant forms of land degradation worldwide. Remote sensing data has become
valuable and reliable for studying land degradation, particularly in assessing long-term
ecosystem function decline. Vegetation cover, often measured using the normalized vegetation
cover index (NDVI) derived from satellite data, is a crucial parameter for investigating land
degradation. Studies have explored its relationship with other factors such as land surface
temperature (LST), evapotranspiration, and precipitation. This study aims to analyze changes in
vegetation trends in Hormozgan province and its correlation with evapotranspiration, surface
temperature, and rainfall using MODIS sensor data from 2001 to 2022.

Methodology

In this study, we used the Normalized Vegetation Index (NDVI) data from the MODIS sensor
(MOD13A3) to examine changes in land surface vegetation. The NDVI data was collected
monthly with a 1000-meter resolution. Additionally, we utilized MOD16A2 and MOD11A2
products to analyze evaporation, transpiration, and ground surface temperature. These products
have spatial resolutions of 500 and 1000 meters and cover 8 days. We downloaded ET, NDVI,
and LST data from the United States Geological Survey (USGS) website in HDF format,
spanning 2001-2022. Furthermore, we used reanalyzed ERAS5 data from the ECMWF database
to assess monthly rainfall trends. To prepare the data for analysis, we utilized the geographical
longitude and latitude coordinate system and processed it using Acgis10.8 and Terrset software.
| analyzed the changes in vegetation cover, evaporation, transpiration, land surface, and rainfall
from 2001 to 2022 using the non-parametric Mann-Kendall analysis and Sen’s slope estimation.
Initially presented by me and later developed by Kendall, this test is based on data ranks in a
time series. It is used to determine trends. Additionally, | used the slope of the age estimator to
assess the accuracy and enhance the process. Furthermore, in Terrset software, | performed a
correlation analysis to examine the relationship between vegetation and soil surface indicators,
evaporation, and rainfall. The correlation coefficient ranges between -1 and +1, where a positive
value indicates a direct relationship and a negative value indicates an inverse relationship
between the two changes.

Results and Discussion

The analysis of spatial and temporal changes in vegetation cover index (NDVI),
evapotranspiration (ET), land surface temperature (LST), and monthly rainfall from 2001 to
2022 indicates that during winter and early spring, the vegetation cover index,
evapotranspiration, and precipitation reach their highest values, while the land surface
temperature shows its lowest value during these months. Over the 22 years, the average spatial
changes in NDVI reveal that the highest vegetation cover is primarily located in the region's
northern, northeastern, and northwestern parts, aligning with the monthly rainfall patterns
during this period. The examination of the land surface temperature index (LST) indicates that
the highest values are observed in the southern parts of Hormozgan province, particularly in the
Persian Gulf and Oman Sea. The analysis of changes in the z-kendall index of the NDVI
(Normalized Difference Vegetation Index) showed an increase throughout all the months
studied, with the increase observed in over 80% of Hormozgan province. The examination of
the slope of the monthly estimator confirmed the increase in vegetation cover during these
months. Similarly, the z-kendall evapotranspiration index analysis indicated an increase in the
evapotranspiration index in most months, occurring in over 54% of the region. The slope of the
estimator for evaporation and transpiration index also supported these findings. The z-Kendall
LST (Land Surface Temperature) index exhibited increasing trends in the majority of months
over the 21 years, encompassing over 61% of the area. The slope statistics of the age estimator



for this index confirmed the monthly increase in the Hormozgan province. Lastly, based on the
z-Kendall change, the rainfall index over the 21 years increased in most months, covering more
than 76% of the province. The slope statistics of the age estimator of this index also supported

the monthly increase .From 2001 to 2022, the monthly correlation between the vegetation cover

index and the evapotranspiration index in Hormozgan province indicated a strong positive
relationship in most months, covering over 80% of the province. Additionally, the vegetation
cover index and surface temperature correlation showed a predominantly negative relationship,
especially during autumn and winter, covering more than 54% of the area. Furthermore, the
correlation between the vegetation cover index and the rainfall index revealed a positive

relationship in over 54% of the province for most months over the 21 years.

Conclusion

The analysis of monthly vegetation changes in Hormozgan province using Mann-Kendall
statistics and the age estimator slope indicates that there has been an increase in vegetation
cover in over 80% of the area. The study by Eskandari Doman et al. in 2019 confirmed that the
trend of vegetation changes, as indicated by the NDVI index between 2018 and 2019, showed a
significant increase, particularly in the higher classes of the index (exceeding 0.4). Furthermore,
examining changes in the earth's surface temperature, evaporation, transpiration, and rainfall
revealed that these factors increased in most months, with increases observed in over 65%, 85%,
and 61% of the province, respectively. The study also found a correlation between vegetation
cover and earth surface temperature, indicating a positive relationship in most areas of the
province and both negative and positive correlations between evaporation, transpiration, and
rainfall. Given the comprehensive nature of this study, it is recommended to conduct similar
research and compare the results with those presented here.

Funding
There is no funding support.

Authors’ Contribution
the work. All of the authors approved the content of the manuscript and agreed on all aspects of

Conflict of Interest
Authors declared no conflict of interest.

Acknowledgments
We are grateful to all the scientific consultants of this paper.

References

1) Ahmadaali, K., Eskandari Damaneh, H., Ababaei, B. & Eskandari Damaneh, H. (2021). Impacts of
droughts on rainfall use efficiency in different climatic zones and land uses in Iran. Arabian Journal
of Geosciences, 14(2), 126. https://doi.org/10.1007/s12517-020-06389-1

2) Azhdari, Z., bazrafshan, O., Bazrafshan, J., Shekari, M. & Zamani, H. (2021). Meteorological
drought monitoring based on multivariate statistical and probability indices in Hormozgan province.
Journal of Arid Biome, 10(2), 1-17. https://doi.org/10.29252/aridbiom.2021.15258.1821. [Persian].

3) Bakhtiari, M., Darvishi Boloorani, A., Abdollahi Kakroodi, A., Rangzan, K. & Mousivand, A.
(2021). Land degradation modeling of dust storm sources using MODIS and meteorological time
series data. Journal of Arid Environments, 190, 104507.
https://doi.org/10.1016/j.jaridenv.2021.104507

4) Dawelbait, M. & Morari, F. (2012). Monitoring desertification in a Savannah region in Sudan using
Landsat images and spectral mixture analysis. Journal of Arid Environments, 80, 45-55.
https://doi.org/10.1016/j.jaridenv.2011.12.011



5) Derakhshandeh, A., Khoorani, A. & Rezazadeh, M. (2023). Trend analysis of precipitation in Iran
based on MERRAZ2.Journal of the Earth and Space Physics, 49(3), 669-683.
http//doi.org/10.22059/jesphys.2023.350125.1007465. [Persian].

6) Eskandari Damaneh, H., Gholami, H., Mahdavi, R., Khoorani, A. & Li, J. (2021). Assessing the land
degradation using water use efficiency (WUE) and drought indices (case study: Fars
province). Journal of Range and Watershed Managment, 74(1), 103-120.
https://doi.org/10.22059/jrwm.2021.314310.1550. [Persian].

7) Eskandari Damaneh, H., Zehtabian, G., Khosravi, H., Azarnivan, H. & Barati, A. (2022).
Investigating the Influence of Drought on Trend of Vegetation Changes in Arid and Semiarid
Regions, Using Remote Sensing Technique: A Case Study of Hormozgan province). Desert
Ecosystem Engineering, 9(28), 13-28. https://doi.org/10.22052/deej.2020.9.28.11. [Persian].

8) Eskandari Dameneh, H., Gholami, H., Telfer, M. W., Comino, J. R., Collins, A. L. & Jansen, J. D.
(2021). Desertification of Iran in the early twenty-first century: assessment using climate and
vegetation indices. Scientific Reports, 11(1), 20548. https://doi.org/10.1038/s41598-021-99636-8.
[Persian].

9) Eskandari, H., Borji, M., Khosravi, H. & Mesbahzadeh, T. (2016). Desertification of forest, range
and desert in Tehran province, affected by climate change. Solid Earth, 7(3), 905-915.
https://doi.org/10.5194/se-7-905-2016, 2016

10) Fiorillo, E., Maselli, F., Tarchiani, V. & Vignaroli, P. (2017). Analysis of land degradation processes
on a tiger bush plateau in South West Niger using MODIS and Landsat TM/ETM+ data. International
Journal of  Applied Earth Observation and Geoinformation, 62, 56-68.
https://doi.org/10.1016/j.jag.2017.05.010

11) Gao, W., Zheng, C., Liu, X., Lu, Y., Chen, Y., Wei, Y. & Ma, Y. (2022). NDVI-based vegetation
dynamics and their responses to climate change and human activities from 1982 to 2020: A case
study in the Mu Us Sandy Land, China. Ecological Indicators, 137, 108745.
https://doi.org/10.1016/j.ecolind.2022.108745

12) Ge, W.,, Deng, L., Wang, F. & Han, J. (2021). Quantifying the contributions of human activities and
climate change to vegetation net primary productivity dynamics in China from 2001 to 2016. Science
of The Total Environment, 773, 145648. https://doi.org/10.1016/j.scitotenv.2021.145648

13) Hereher, M. & El-Kenawy, A. (2022). Assessment of Land Degradation in Northern Oman Using
Geospatial Techniques. Earth Systems and Environment, 6(2), 469-482.
https://doi.org/10.1007/s41748-021-00216-7

14) Huete, A. (2016). Vegetation's responses to climate variability. Nature, 531(7593), 181-182.
https://doi.org/10.1038/nature17301

15) Huang, Y., Zhu, B., Zhu, Z., Zhang, T., Gong, W., Ji, Y. & Chen, D. (2019). Evaluation and
comparison of MODIS collection 6.1 and collection 6 dark target aerosol optical depth over mainland
China under various conditions including spatiotemporal distribution, haze effects, and underlying
surface. Earth and Space Science, 6(12), 257-259. https://doi.org/10.1029/2019EA000809 2

16) Javadi, S., Ranjbar Fordoie, A., Khosravi, H. & Eskandari Damaneh, H. (2023). Investigating the
effects of drought on the water use efficiency in different climates and land uses (Case study: Tehran
province). Journal of Arid Biome, 13(2), 1-15. https://doi.org/10.29252/aridbiom.2024.20742.1965.
[Persian].

17) Kendall, M. "Rank correlation methods." (1948). https://doi.org/10.1007/978-1-4684-6683-6_9

18) Kumar, B. P., Babu, K. R., Anusha, B. N. & Rajasekhar, M. (2022). Geo-environmental monitoring
and assessment of land degradation and desertification in the semi-arid regions using Landsat 8 OLI /
TIRS, LST, and NDVI approach. Environmental  Challenges, 8,  100578.
https://doi.org/10.1016/j.envc.2022.100578

19) Liu, F., Chen, Y., Lu, H. & Shao, H. (2017). Albedo indicating land degradation around the Badain
Jaran Desert for better land resources utilization. Science of The Total Environment, 578, 67-73.
https://doi.org/10.1016/j.scitotenv.2016.06.17

20) Liu, X.,Yin, T., Zhang, Y., Huang, D., Wu, P., Wang, N. & Wang, R. (2023). Water use strategies of
Robinia pseudoacacia and Quercus acutissima vary among seasons and planting methods. Plant and
Soil, 483(1), 199-207. https://doi.org/10.1007/s11104-022-05736-3

21) Liu, Z, Si, J., He, X,, Jia, B., Zhou, D., Wang, C., Zhu, X., Qin, J., Ndayambaza, B. & Bai, X.
(2024). The impact of desertification on soil health stability in Semi-Arid alpine Regions: A case
study of the Qilian Mountains in the northeastern Tibetan Plateau, China. Ecological Indicators, 163,
112098. https://doi.org/10.1016/j.ecolind.2024.112098

22) Mann, H. B. (1945). Nonparametric tests against trend. Econometrica: Journal of the econometric
society,13, 245-259. https://doi.org/10.2307/1907187



23) Mehmood, K., Anees, S. A., Muhammad, S., Hussain, K., Shahzad, F., Liu, Q. & Khan, W. R.
(2024). Analyzing vegetation health dynamics across seasons and regions through NDVI and
climatic variables. Scientific Reports, 14(1), 11775. https://doi.org/10.1038/s41598-024-62464-7

24) Meshesha, K. S., Shifaw, E., Kassaye, A. Y., Tsehayu, M. A., Eshetu, A. A. & Wondemagegnehu, H.
(2024). Evaluating the relationship of vegetation dynamics with Rainfall and Land Surface
Temperature using geospatial techniques in South Wollo zone, Ethiopia. Environmental
Challenges, 15, 100895. https://doi.org/10.1016/j.envc.2024.100895

25) Mu, Q., Heinsch, F. A., Zhao, M. & Running, S. W. (2007). Development of a global
evapotranspiration algorithm based on MODIS and global meteorology data. Remote Sensing of
Environment, 111(4), 519-536. https://doi.org/10.1016/j.rse.2007.04.015

26) Mu, Q., Zhao, M. & Running, S. W. (2011). Improvements to a MODIS global terrestrial
evapotranspiration  algorithm. Remote Sensing of Environment, 115(8), 1781-1800.
https://doi.org/10.1016/j.rse.2011.02.019

27) Nateghi S., Ghohardoust, A. & Soleimani Sardoo F. Investigating the Effect of Vegetation on the
Occurrence of Dust Phenomenon (Case Study: Hormozgan Province). E.E.R. 2022; 12(2) :43-60.
https://doi.org/20.1001.1.22517812.1401.12.2.6.3. [Persian].

28) Niu, H., Marquer, L., Sack, D., Gao, G., Wang, J., Meng, M, & lJie, D. (2023). Middle to late
Holocene plant cover variation in relation to climate, fire, and human activity in the Songnen
grasslands  of  northeastern  China.  Frontiers in  Plant  Science, 13, 1071273.
https://doi.org/10.3389/fpls.2022.1071273

29) Paroon, S., Yavari, G, & Rezazadeh, M. (2019). Climate classification of Hormozgan province using
classical methods. Geography (Regional Planning), 8(33), 115-127. [Persian].
https://doi.org/20.1001.1.22286462.1397.9.1.8.8

30) Rahimzadeh,F, Hedayat Dezfouli, A, & Porasgharian, A. (2010). Evaluation of trends and jumps of
extreme temperature and precipitation profiles in Hormozgan province. Geography and
Development, 9(21), 97-116. https://doi.org/10.61186/jsaeh.10.2.149. [Persian].

31) Roohollah Nejad, M., Salamati Hormozi, V., Ramezani, R. & Khansalari, S. (2022). Prediction of
temperature and precipitation in the statistical period 2021-2080 in Hormozgan province for drought
extraction and its downscaling by LARS-WG software. Journal of the Earth and Space
Physics, 48(3), 693-712. https://doi.org/10.22059/jesphys.2022.334358.1007383. [Persian].

32) Roy, P., Pal, S. C., Chakrabortty, R., Chowdhuri, I., Saha, A., Ruidas, D. & Islam, A. (2024). Climate
change and geo-environmental factors influencing desertification: a critical review. Environmental
Science and Pollution Research, 1-14. https://doi.org/10.1007/s11356-024-32432-9

33) Running, S. W., Mu, Q., Zhao, M. & Moreno, A. (2019). MODIS global terrestrial
evapotranspiration (ET) product (MOD16A2/A3 and year-end gap-filled MOD16A2GF/A3GF)
NASA Earth Observing System MODIS Land Algorithm (for collection 6). National Aeronautics and
Space  Administration,  Washington, DC, USA [data set], 3-37. https://doi.
0rg/10.5067/MODIS/MOD16A2, 6

34) Sen, P. K. (1968). Estimates of the regression coefficient based on Kendall's tau. Journal of the
American Statistical Association, 63(324), 1379-1389.
https://doi.org/10.1080/01621459.1968.10480934

35) Shao, Y., Jiang, Q. 0., Wang, C., Wang, M., Xiao, L. & Qi, Y. (2020). Analysis of critical land
degradation and development processes and their driving mechanism in the Heihe River Basin.
Science of The Total Environment, 716, 137082. https://doi.org/10.1016/j.scitotenv.2020.137082

36) Tucker, C. J. (1979). Red and photographic infrared linear combinations for monitoring
vegetation. Remote  sensing of Environment, 8(2), 127-150. https://doi.org/10.1016/0034-
4257(79)90013-0

37) Tucker, C. J. & Sellers, P. J. (1986). Satellite remote sensing of primary production. International
journal of remote sensing, 7(11), 1395-1416. https://doi.org/10.1080/01431168608948944

38) Wang, J., Wei, H., Cheng, K., Ochir, A., Davaasuren, D., Li, P., Shun Chan, F. K. & Nasanbat, E.
(2020). Spatio-Temporal Pattern of Land Degradation from 1990 to 2015 in Mongolia.
Environmental Development, 34, 100497. https://doi.org/10.1016/j.envdev.2020.100497

39) Yang, Y., Wang, Z., Li, J., Gang, C., Zhang, Y., Zhang, Y., Odeh, I. & Qi, J. (2016). Comparative
assessment of grassland degradation dynamics in response to climate variation and human activities
in China, Mongolia, Pakistan and Uzbekistan from 2000 to 2013. Journal of Arid Environments, 135,
164-172. https://doi.org/10.1016/j.jaridenv.2016.09.004

40) Yin, T., Zhai, Y., Zhang, Y., Yang, W., Dong, J., Liu, X. & Wang, R. (2023). Impacts of climate
change and human activities on vegetation coverage variation in mountainous and hilly areas in
Central South of Shandong Province based on tree-ring. Frontiers in Plant Science, 14, 1158221.
https://doi.org/10.3389/fpls.2023.1158221



41) Zhang, H., Li, L., Zhao, X., Chen, F., Wei, J., Feng, Z. & Hu, M. (2024). Changes in Vegetation
NDVI and Its Response to Climate Change and Human Activities in the Ferghana Basin from 1982
to 2015. Remote Sensing, 16(7), 1296. https://doi.org/10.3390/rs16071296

42) Zhang, R., Ouyang, Z. T., Xie, X., Guo, H. Q., Tan, D. Y., Xiao, X. M. & Zhao, B. (2016). Impact of
climate change on vegetation growth in arid northwest of China from 1982 to 2011. Remote Sensing,
8(5), 364.



Wt & i

Journal Homepage: https://mag.iga.ir

YYIV-YR8T ;S S Wl

o

VEF AV L (YYo, 53

S Al sl 8L Al

13 G y% g e (oono ) T Slod (ol S i il Crd (SRS il g9 O gk Wig y (w3 90

QU 3058 bl 49 (Tl g

¥

qu.é.\:&écr dbs&dj‘m‘f - 69""&“—‘9‘“")“ éw)&

.Qlﬂ] ;uolf_c)_\;;‘ ‘Q‘f}n)ﬁ oKl ‘u;u...lo @L‘m 9 65)51.\};5 oSl ‘u;u.Jo el;.o (swdigeo a”f ;Olglﬁ J)Mf 9 Copde Lg);'fb L;,zc..":db A
ra_mahdavi2000@hormozgan.ac.ir
E: khoorani@hormozgan.ac.ir .|l « el jais (5 30 s olKuiily ¢ lusl pale 0uSiils ( oLl i pols 0g)5 Y

R Wlis eyl
S alply ol (e Cons Sy ooy Sl e Slapel )l dlox Sl BLS Gidgy )5S (s 153l

bl ol ) gyl 51l jl0)08 0 (Vb Coenl Sl (LS Jidey Slynss p Sge Jelss 5 25,
Bl 355 9 w5 (LST) oo aw slod (NDVI) (oS (idgy Olpss K9y (o) S
ERAS (slaodls 5 (pudge osiomiaw jl Jols 590 I izww (slaodls 5 8508 liwl [ S5)L 4 (ET)
Ot (o (g 5 0ol Ve A=V VY (Gloj 03l )3 (oS (30055 b 9 SS90 (g L
A28 dnwbre (Sloj ol nl ) (S g (Bly 3y g w5 SB e glod g aLS by
3 LS b a5 ol plis JIas= e o)lel jl eolitul b alS i dlale s g,y awyy
3025 1) ORIl ol 35 (o S 0055 s e g sl (o8] (il s ) aoyd Ae 5l ey
B9y 453D (U 55 SNk g (HBly 35 9w (ome) haw (Slod Slyesi Jelod g 55 S (0
2 ORIE e 4 oS 039 (Ll ke 3155 (Sl g (e e lod 43y S Dl
L alS ibe o (Sued dlaly wyp Sl ol 0d sl Gl o> £V 9 AD SO i
Ol ap Milee (558 g (it dbaly cpl ey slaole ) 453 (LS (e aw glod a3
Oy 9 e dlasly ol nolo 58153 4870l (L 5 (a8ly (35 9 w3 9 (LS (b (o el
9 LS Lide o (Suwed dlaly mls K> Bk ]l sld o liwl maw I sy AY
ol 5 2oy OF 1 L 3 5 o3y e Jlo cslaole ST o alaly o) ol glo LSS50
sloosls Sl edlil b o5 cudly gl plyioe @l cpl 4 4o b conl dgpde (a8 4 (e
Sy Ky 9 (B by Ol b Blisee slajiie o bl Ol (9> & 590 5 Glomi

A1 )8 s 3590 oloj Jobo )3 1, o]

qoaldl ¢ alS idey o 55
b S ye g0l
O S (eSS

18l gu)b
VFY/-A ¥
(6yS55b b
\EArARYAYS
O g,
WAV

el @b
VYY)

,”..»‘ls cod u.ﬁ’blﬁf Wy u‘)_a__w.'i ..\55) R .(\\°~Y’) o> cu.o}{-é 9 alaw! ‘C")’& fJ,w) (89N f)lii 4‘;;L\.www :lsw!
AYSITY XY (AY) bl 8 ¢l 50 il )3 (S5,l 9 (oaBly 585 9 el eoomo; b SLod (ol (Sb i

g http://doi.org/10.22034/jiga.2025.2036593.1319

Oyl il ol 1liel calo Baiwy ©




YF oY ol AY 5 lows (YT 5,90 cLdl st dolibad Q¥

Ky § AoAR0
b8l sl (S59581 ol 55 €5 o8 el ns s ] 50 5 0 pinte ) S S 3,
by Bty b (o8 job 4 plgie |y (AL Gide g Al planwsST (Tglg)t Lulyd 5 S
b et g 403 ol |y (LS by (o8 drgi (20ee ysb 4 Bl ol pald (] 4 08 3yl LS
o sily (gylol 090 Sy Jbo 1 (00b5 00 B ]y (LS by )3 gy Syt pylao o 4 ] Sl B9 )y
3 osldl lyis 13U byl wej (sbpiunwsST 3,Sles (Mehmood etal, 2024: 2)5,5 il cuwlio ¢8> b
Lo 6305 b odldl 985 0 (St (IS by ol 4 s BB b 4 o) slaptiusS]
Ot 4 olus 3ble (¢l (Meshesha etal, 2024: 68) Cous sy dilaie po sy o] 55U Lol o) o
i (LS gy el el BB 5 d5tcte Sl ul bl o 0SS (LS GBsy 5 (eorlil Ll &S
Huete, 2016: ) 3,15 Lo ;3 Jol sl 13 oge (i85 45 o 53 il (pouldl s 4y baoes ol SlolS
Olyts 58b Cod ©Ab 4 o Db LS Ghds e JS g 03y b Jeld LS (ids 2l (182
B g il 30 5 (S plgie 4 ejuS o 4 Vb s L SB g alS by 0,55 sl el
Roy etal, 2024: 68; Wang etal, 2020: ) 45 0 43,5 ,lai )0 lon jwlpw )3 ooy oy slaoly (i g
Sl g c0y35 ooy sl dleiel BB g ddo SleMbl pin S plgis 4 59 I o (glaodls o5l (34
2 ok 4 lS e p O)la g 2Ll Glp alie (3 Sug) @Se gk 4wl ond alis (LS Gidg
;! (Liu etal, 2017: 165; Yang etal, 2016: 9) 5,5 3525 Sl U oo whis »» Siddes 5 Sis sble
b paltne pobo 4 piumgS] 3)Slos > Gde (Yol JialS (lgicdr ((BUS by <o) oeyn lr 9y
ods odlawl ygd 3l yiotuw Y gamte g Wodld I ol calises (sla ol )l 5 o yaslis glgil 5l odlainl b padions ot
LS Lidg odd Jboy Jolas (asls « (Eskandari etal, 2016: 906) (NPP) alsl (ol aJgs oyl .ol
( JSis (Ahmadaali etal, 2021: 20) (RUE) )b 5,b B pae 1,8 (Fiorillo etal, 2017: 66) (NDVI)
Shao ) lusl slacdld yolwly o) gdow Olpuss o)y o (Kumar etal, 2022: 4) (LSTY (o) gdaw (slod
2 e )5S (Gl de 5 (eSS (gl a0l Limiw s pylS (65350 (sladises alex I (etal, 2020: 14
OB ey x5S ez Sl e Syl Sl (So o pU ) 3)l9e sl b (asee Canj slaodsy b dal,
s 4 lolgale cloodls 5 Lols (NDVI) ons ojlloys oalS iids Ladli jl clillas ,81 )5 &S 038 alS
5 (ET) (Bly 55 5 s (LST) (o o (slod abox 1 S0 (slajially plo b ol by g ol (a3l
Felly S o8 ol 0 g slod b oS g g (o) e o o 5 (651 ol ATyl Sl
Slidod 5 (SjelsS] Olllas (e a5 ((Seiglorien (gilude sl o) aw lod sl adgl (58555

S Olysd oy sl ool syl 51 (S e pdaw (slod 0950l )l Coeal Hlows o8l Clyus

Net primary production

Normalized Difference Vegetation Index
Rain Use Efficiency

Land surface temperature
®Evapotranspiration



a0 i 93, O gadS N9y (o )51 [ 3]0 g (3 nons

sbdine; > & (pdizee I g)bun Bl oo (o) gaw Clyes lapadls ke (S ) cunl oad s
O S Gl 9 5509l g (Seiglerie sladd i (Sl el Clyes wile ame Canj (Sliios
By pU g0 3l ot LS g S50 ore yll o lsis 4 LST o8 liios )3 WS 0 )8 (o)
AR5 D sade i g3 | iowiw sleodly g, oyl ;| (Hereher & El-Kenawy, 2022: 471; Shao etal, 2020: 3)
9 255 0aLS (o) 0BT g e Olpe (o) > Sl g e s aRLE 1500 (S )l wree el ()l
ly ol g 990 o0 dmle o] Slebw g coghy b ey conl8l (olo ol yb 1 o3kl b a8 cunl (ET) (a8ly 5,
ol a8 o a5 (LS by Logasee b yiahl plo (el ©lyess Sl QL5 Sl (255 03U &
S S B Lide b sble ly (syeglS Y GlKe Fasg b ET ool dcgeme (ylgl wdge odiominw
ssb 4 Wosly -p! . (Mu etal, 2007: 532; Mu etal, 2011: 1776) cuol odl> )8 piisee Jlid] )3 055y A Sboj o3l
A3 odlatnl 3)90 (yej grdaw by SlpS K9y yp Slp wlie ooy (lgis & ilne pE g e
sl & cul gl yliwl dos 5l a5 awlis (a5 5l ol CaaBge 4 a5 b B heyn liwl las S
2l & Cund Gl ool Camen a3y el ol pl g 485 )13 508 LIS padl I ol ples 22 0)90 3
26 s o] ol il Cuge 4 dagi L il ) (LS (b 50> ()b Cusl 00 598 (slaglil
o pliel ! el slajielyly 5 BLS jide Gl die) it Cldllas il o o8l Ol s
S ol S5 piY sl )] Pge coull Sl olyen a4 aLS ibe oy 55 dikaie oyl S Amd e
oy JSid g (S dod das Gl ol gl 90 b SO 5l b o8l Gy oy gl Olilllas ) el
@ dogi b ogd aid)S ool LS Lide Olusd p ge eudBl Jolse plo Cuwl o el opl aSelon S ooliiu!
Ol 2 (LS de  (codldl Ol pl Sl g (2l GiSg g (el Sl Srale g 385 (o) p e
&b 9 08502 Qlinl (LS by Slyss W9y (o pol adlllae Jl Bun g ol Il (Biod @ )Y (bl
5 oolatul b (Sm)b g uodge odicmiw (laodls jl odlitul b e o (glod o Bly ym5 g pied Sl 4 o

b oo YoV =YYy Sloj ol 50 ERAS ouls (gilwsl Jdo (slools
S (o Juate w1y phug)dd g il Ghugid LS & & 039 (e wheswsS] Sl ot (A (LS (g
Olyess jl padld lyie 4 el pidgy Slysd S o Wl Sl (RJdsST Pl bis 3 (oore i aSL
Jolgs lawgs oS 39 o jouai ¢ (GaO etal, 2022: 2) dguis o 03> ilisre Se 5 Sloj sl wlido e
ol Sl s @ 3] gla Jlw 4> (Zhang etal, 2022: 532) 545 o0 ol 95 2 b Sludl slacyled ¢ ol
ly i £955 5 ol 04 slinl b o 55 cilisie @lajd & alS (idgy ( Sl slacdls 315 alises palaw 4
5 Cowl 0dd (lailo o Ol [hestiwd Sl el AtdlS and Wi 3wl o3y 43 b couv ool s b
5l sl @By 5l slacsemms .(Gao etal, 2022: 4) cuwl 0130, i [T Jl e cuxdly S @ Sl il )S
2 2LS ider 0 (655 e Ol 4 oo caadands Olpsd 9 (S0,L Sl dod il Al ¢ ouldl Ol s
By% 9w il 4 e Loy asgs LB iolisl (Liu etal, 2022: 532) Cowl o poj 0,5 bl 51 gyl
OSao S5k @55 S s & Jo 3 )i Lite 5L (LS by A5) p Cusl (San & 3900 g

P 2 Gldy Sl oyp lp i gyl Jl09d (LS Jde o) dilite Glapd 4 oxie



V¥ ¥ oyluwoy AY Bylowd TY 2,93 cLdlpaa aolilad a5

ol ol 4 sl > a8 Wles S eolitwl el g (gy90 I Liomiue b glaodly I Bl Jelge Jildo
D)8 o o)Ll Cldsass

G Sy 3 B Gidg g5 p Sl Gedld 5 ceddl Sl Sl adllas )5 (V4VY) S g o
o3k cpl 0y Gl » LS (ibe Ol Wy o il Glo V0=V Sloj ojl j0 Siguils il
9 95 Miliee Bk (couldl ol aidbate cpl 3 (LS GiSg g9 oS (e ol Jole oS 039y (lalS L)
5 Sigmotil ol Sl b daly > 2 (Bd Jlod (Kigw @l (BLS (dgy Sl (V4TY) olen
Slyss a8 0 Ui s ol ol ol 5,8 adlas 3y90 ol Blgl B Sbe Cpwole 0,93 13 Sl (clac Il
Syge Sl logase (bl Ot b Cov bias adlls 3,90 dilale (alS hbg Gae SYsb
Sy 4 Lol gy g NDVI it (alS gy absy adlles ) (Y-VY) o)an 5 o adl o ailinls
Oy Olymsd Wgy Al Sl e (b dwle (pojpo 0 YoV UOVAAY Jlo 5l Sludl sbaclled 5 (could]
SVl oliie 5 48 3l G5 gl ) e -l 4Bl Ll53l oSt b 4 dny &y Yoo8 Lo 5| alS
2 Slp VoVF) hlSen g 39000 Al o Lod @ Gl (LS (g Oy ol Sy (lgie 4 (S)b
oz I (oolll (sla o g NDVI (g b ) (LSl cilisee gblie 5 Jguad )3 (LS (hdg Jdod g 4520
o Sitbdes g Kuid gblia loguse kS gblie 181 5 45 58 ol bl ol is)S oslisel S5l
5 (V1) S s (65l o3 LS iy s 5 e 5 ol 55T i &0 (S5
Slp 9o odizmi (HBlg 55 9yl g QLS gl QAL g ol Dokl 5 (Sl 0P oy
Fpo Bolgs Jlie )5 a5 Sy (il il Baios gl i3S alisl wylb il (o)l Bae )8 dpulore
2 JuSis Sl gy 3 IFY) lSen g ol md e LIS 1) (i )55 (I Cold g (ol
3 ol gl (alBb adgs ¢ Bly 585 g s sloodls ) ailizie (slacs )l g palll o bSOl Bpme L
Al 2954 90 5l i slaodls pl 5l edlazul b a8 cusly by Wl addllas 53,8 odlitnl uwdge st
A3 )15 gy 3y90 il slaaldl )3 1) GlalS A5 (gl (Bpae O oedldl elge

2 bl gl Gloj g (e GESTy 1 e 9 oS e (ol elss S (e plge 4 (Sl &S bl ]
alas 3)90 (23] 03 5 (BUS Ldey Sl oy 2 5 kel Jole o e 4 Sl )k
2 ool Olyss Glyl oy 0 Oldllas cpl & and o lis o ploul B0 Ay (g Cuol €35 118
@S g Wlodges odlisul 039 (SH5)L 9 Lod Lites a5 (2t ld 93 Loles b 5 j1 e (LS by 5 (2l 055
5,8 ) sl cpl sliso 11, 395 3uios

gaw o> ale coldl slajiall 5l (aLS Gide coj55 0 See (olll Jelge oy p sl pSl G o L
Oibg )5S p Pee Jelos (yiny CBY LU g o odlitul (HBly 5y g j5RS whe pa3LE 9 (SH)L )
ol o (gilojl st (gloodls J1 (Sl oy (sl 385 il 5 wizmer 255 ) oy )90 (RLS
D35 58 sy 3)90 JeuSi 51y )3 s iae CEI L Bje e plid (SH)L T3S s



av i 93, O gadS N9y (o )51 [ 3]0 g (3 nons

o293 B9,
LS ids el e maw (aLS jids Oluus wyp lp ddlae ol 5 0wl 3,90 gLbe3ID
Fo Vere SS&5 05 L g aibale Sloj il ;> (MOD13A3) yuidge sdixiw ladgs 5 45 (NDVI) 0 0jle
21 oolil V abasly JINDVI (alS Jibg (asls dulxe (sl 1035 odlisl
(1) el

NDVI = M
(NIR+R) ) o 5

=V o) o el cpl Ol dleld Bl e jo,8 BL QUL e R g 05 30,8 edle SL j 3L Hlade NIR
Tucker, Tucker & Sellers, 1986: 1380) sad o olis ) alS Lidg oSlis adls cpl obj polie .cuwl
9 MOD16A2 cluidg 3l 5l ey 4 (peoj pdaw (slod g (2Bly 3305 5 oo adlllas (gly (puisron .(1979: 140
Running etal, 2019: 3; Huang ) b eolawl 6j5y A Jloj o5l ;3 o Vere 9000 S SS& L MOD11A2
owld o) 590 3l iowiw Colw I Ve V=YeVY Sloj o5l (sl LST o NDVI ET wlaJgs (etal, 2019: 2580
Sladgi 3l (2.8) dxiio 93 53 dilaio oyl (5050 i) Cunusg & g L b 35bls HDF o b L, (USGS) IS, ol
2 e LaD Saljge polal ENVisa Jljdle s )3 a5V Clonoeal plbosl jl uy €85 o0 )8 (adge odiomis
Sygo 4 ECMWFET SleMbl olL ERAS o Juloo 5L (slaoaly 1o iyl oliee Soy (owyp sl s op
2 adlles 350 (gboodly olad Colps pd i odlitwl dalllae 3y50 (Sloj o3l ;o yieghS Ve S SS& L wilale
;ilwoslel Terrset g Arcgisios ,l38lep > Judow g 455 (glp g odlel (cldlis (o, 5 Job Claisie g

Ve dmVNY (Slojoyg3 53 (SW5k g (e aw (slod «(HBly (55 9 p (LS Jhdgr sy padld Ol X,
la.wy BN 431)F&a la.wy (KW 09»)'] C)‘il S P‘qdl u,..u)f eSS L g JlJ.;f—L}o LS)':"")L’,B )Jb] )'1 odlaswl b
O9e5l (Mann, 1945: 250; Kendall, 1975: 5) cdl drwgs g baws loj yw <y aodly a5, b p® Jlus

3em ol ols CS15Sy Jo5i b sdgme Sg) (loj s Sy U1 & oyl e (sl JAS— 050
1wl g5 T & 39050 ol 8 kel duwlxe oo

il ¥ ) 200 44 S 2ol )y gyl 5 coodle b Jlos! g ,Ktan b (6 p S e <5 ST 0 S dpusline

\United States Geological Survey

ECMWF Reanalysis v5

yEuropean Centre for Medium-Range Weather Forecasts
fMann

&Kendall



VEF ol AT bylows Y 593 il i dolibad A

(V) dal,
Ur = ?:ZEEES.Q“(XE - X;)

-0 o B Y a5l aS 039y ceMe @b sgN(Xi-X)) g Jlgze slaodls Xi g Xj ¢ Sloj sy Jobo N ) 3 &S
g
+1if (X;—X,) =0
sign=(X;-X)=1 0 if (X;-X;) =0 (¥) akal,
-1if (X;-X;) <0

(¥) eyl
E(S) = 0

(8) el
n(n—-1)(2Zn+5) - X5, tp(p)(p —1)(Zp +5)

var(s) = 18
L ballss lpy baw O (358 Jaop8 50 pod s3> .l baallis juolie dlawi p g jlade pelp (gly ladllis sl
bl o cand 4 8 dlaly 517 g0l o 3kl o)lel Ll Lolus (slaosls

(7) sl

HESed g (©3lg2) (V Jgdo) wmd oo LS |y Sloj sy (J955 B9y Z ke jlaie g (s3gm0 X9y Z Cute jlade

.(F N¥.Y
Jloy &5 Joua o) Jg
Z S e o
Z=*\18 o Yl gime
Z> 3¢ ol Yl gime g (ol dl g,

Z <8 Cawl Yo g inlS g,

(oiRg3 slaaidl) jame
33,5 oo duwlio (V) Jgo,d oy 5l a8 s ooliunl o 5 pwes0 cad 5| K9y Ol pakl Como g iy J.ub ly

p=M edian[ﬁ}(v;‘ >1i) (V) ksl

Ao Jlo okl 1Blioo plj g pli Slanlie polie cosp 4 Xjs Xy gy S cud S5 B ol o &8

.(Sen, 1986: 1380) cuwl  ials Xg) oaiad lis o] hie polie g (ool 38l g, oaimd s o cute polie



a4 i 93, O gadS N9y (o )51 [ 3]0 g (3 nons

1 Hly 325 9y 9 S haw slod 9 (LS iulgy Gopad L o (Sinsod JIUT
UL S5l g (Bly 550 g s «SB aw slod g (2L Lidy (sl adls o (Sted () sl
Amd e i |y T A dlaly 48w oslil Terrset jéls 5y Swsosd
(A) alas]
R =— Eim1 Eima (5 - X) (vi—¥)

~ ﬂlz?ﬂ(’f_’"}z x Iloylyi-y)?

laysio Vi ol Sloj ojLs 55 Jaiuwe asli jlide Xi sl Y 9 X o 0ol  Siused o Ry ¢ 3 &
Lol Gloj ojle i g pll Gloj ojly Jitua

Sloj g sl e 93 G JolS pritans Ay Sl A8l e 1 doslis WS (0 S ) 9 ) O (Shesed
[ VEY S 5 53l5) 4n3n G | e 55 o o upSnn Ay Sy 2 a1 o5

axlllas 5y90 8390w

By Job 0%V ATV g Jlad (o, VEOT B YYOYS! Ll late f Jolbis 3 5 e m bl
Slon slod lawgio riyoyioghS FAV-e g mwy b bl cpl cwl snd #ly gsn S kdlcans
9 09y) Ml Voo il e bl cpl Gllls S65L 16Ske 5 2o 0 FA s gy (1nSleo L Y85 C° &Yl
lsn 0,5 cglo)ls cun adlaie 3 Biese bl il 5 euldl Glasuie 4 avgr L. (WYF YAV (]S
Juab S5 pS GYsb b Sy il ol lse g o sla Sy bl o] oesld] dgatie oy 2 eges
2 ) ) St s ol 3 (e sl Cambe (5 Ve (K g dely (g yuiSsl) Cusl S5 olisS
ol o o0l L (V JSS)

S3F0E  SMP'0E SSP40'E S6°S0'0"E SSR0'0"E SOP100'E

. N[
7 &N\
4 LS\
: 2N
e e
Z K
& & T
g & 0 L,
& L'
: 2 - "
: B =
4 4
? K
& &
4 o
5 &
a3 L b — e — 3
[ N 0 ™ M0 80 20

§39200E  S4P00E  SS400'E S6S00'E  SSS0'0E  SPI00'E

(293 GE WS 31 maw 5) saute



VF oY limo; AY B )lowd FY 3,90 cLidl ia aolibad Voo

Sloj 5 (e Slpsss () 10w T (Slodg (ABlg (5585 9 e (AU Slndgr (e g (Sloj Sl ki
Lwgio ol yusS gy ool 0B 03,91 (5 9 Y JS) )3 s 4 Yoo V=Y VY Jlo Sloj o3k ,3 (W BY) pooluod b
9 2Bly 5y g yuond (LS idey (et polie pSTas a8 aad e i (z Ul Y JS) 5l ol ol el
M Sk 4wl sanlio BB ko il g liws) Jad )3 (o) aw (slod polie Jola> g (SH)L
By 3% 9 e padlS s Al Ve g IV i A ole g 458 slaole ) (LS GRSy asla
i 4 &S i g ole slaole )3 (Sl Slas g e e WV 9 NVONY s 4y ole 5 415315 (sloole )
Py e Blis e pdaw (slod (adls Al VY lawgie cwyp piomed )3 418 e Lo VWYY 4 YA/
buwgio e Olyuss qwyy (5 FJSKS) oy ol 0,5 il YVVY 9 YO/FY iy 4 &S poliod 5 4 gl5 (slaolo
(o laciomd ) yuin LS idg Sl aS W o Gl Y S > NDVI alS jidgy (el dle T
0392 (&P 1 dayl) olo JAL» &S JL..: 3y dl.bol.o 3D Oy )Af‘b L)"‘ FLY 0dg dakaio L)"‘ e Jto.w 9 uﬁ).w Jlo.w
(¥ JS5) 53 a8 039 NDVI adlis Ol s b ailiie (o8lg 5,05 g s Slynsd oy oGl Do JSS 0yl o
3 el opl Sl polie a8 amy o lis (0 JS5) j (LST) SB maw (slod (Sl &l s ol o 03]
P sl ol Blas polie g 009 las sbyd 5 o)l gl 4l logase (B bl g cbcwud
2 SH)b wgie Olpusd wyyp Cul sl sdalie il pl Oy Jlod g Bd Jlowd ( Jlod slaciound

i« 0115 - 16 g
'-5 o1 i e |
' - 12 }
3 0.0 h
- L 3,
A -y 10
) 0.3 S
., N L3 2
i 0,095 . ;
1 L o
; 0.09 - 4}
7 0,083 2
0.08 . o
1 3 ' < o bl [ ) " on 1 ) 4 4 6 b4 s 9 0 " 1
ola e
e 54 (= 20
3 5 I8
] 3 16
i 44 ‘5 14
- 12
% 30 J’
=2 g, 10
{5_‘4 R
o
t,:‘ 29 Kl
)
24 1 0
3 s ?
vo2 4 o ¥ 9 101 T 3 4 5 & T 8 9 w0 11 1
ol N



Y+ i 93, O gadS N9y (o )51 [ 3]0 g (3 nons

S o bl Yoo VYo XY loj 05l 153 5 i el a5 1 Syl o LST ET NDVI gl s L ansgio Ol ks .Y JSi5

(Oh2g3 slaadl) save

wer High : 0.71

— Low : -0.2
IO 308 Ol jy

e mkKm
0 130 260 520 780

S5 5002 L NDVI aLS iwigs padld anle VY dllus YY) Lawgio 5lKe ol purds Y S5
(Oh2g3 slaabdl) sase



VEF ol AT bylows Y 593 il yin dolibad 1oy

(50 o) 3 % 9 puciis N
p High : 25 A
= Low : 4.5 E me s Km

o 5008 Sl s 0 130 260 520 780

OB 50 bl 2Bly 5025 g g adle VY Wl VY Lawgio S50 Ol gty . F S
(Chog3 abdl) :ane



V¥ i gy Oy dS N9y oy 33 [ (3] R0 g (o2 binonss

(8155 Ale) a0 e Slod N

o High : 59.5 A

] X
Low : S e K

e e sl 0 130 260 520 780
C IO e bl s

OB 505 bl (oo b lod adlo VY Wl ¥ lawgin (K0 Ol gt O JSUS
(o3 Babl) aste



¥y ‘_,l:m, NY ;D)Lo.w Y 3)93 ‘l“.él).i.‘} aollad VofF

(50 (glo) (FNs0

. High : 32

- Low : 0.2
IO 0, Obe!

Km
0 130 260 520 780

O 0 il (S5, adle VY Wl ¥ Lawgio Ko Ol puads 5SS
(Oh2gi slaabl) saue

V¥V Glejoila ;5 (STl g LST g ET NDVI (slagpad i (loj g (e Ol et ol (o2
= Sk g o) aw slod «(HBly 35 9 peS NDVI (LS Gidgy Glapadld Olyess cod (o) Ve 0)
el odd 03y lis (VF BV JSKB) ;0 Yoo N=V-YY Sloj o3l 50 (o )5 oS s 9 JIAS= o (slaygejl ol
e ojle PNDVIE (2l (idyy (adld (o 5 red8 e § M= 00 7 Ol (g2 | Sl ol
ol > SIS =y 7 @y (V JS) 5l Jols s ololyy ol 00l 0351 (A 9V JS5) 5 YoYY=Y e

cu_.w;T ¢‘_5Y9_> ‘0_395 ‘(e ‘J—’)BT ‘L)“’)l"’ 44)93 ‘41'.9"‘) L;LmLo )J 45&)9.2 LY 0.39{ u.m.:l).%] axllas .))59 Lgl.bbLo



A RIN w93 3 gadT gy oty 1 [ 3]y K0 g (o2 Lomwond

AY/A+ ABYY AB/YA AYIVE AF/SA AFVA AYYR &+/0A A+/YD 1> o5y dy pualwod g yrolgs puiST «puolipns
TV/YN XY/0X FY/S+ 390 iy ok 4 g 039 (oiial33] o8 50,m oyliwl 5l oo ys AY/VE 4 AF/VA AY/SY
il e o e iali 8l ol 5o, FAY 5 0/ Y A/NY AY/YE SVVY OF/-% SAAA FA/OY SY/VE
aalllan 08 o ol baole oyl 3 1y aLS Gide Gialil A S 13 NDVI [asli dilsle )5 uess o oy
i) ool LS ey @y dss, 45 iy ol (B e bl 3T Jlo 3 o) Kan 5 diely (g pniSul
Sopesiio (+1F 3} i) asld ol (Vb (sl oMS )3 4 03gy (iel331 YYAIYRD iboj o5 ,5 NDVI a3 ls
55 a3lS (s 5 (5036 o g JINS= (g 7 Sl gy ] ol gl bl oo 3)90 (] oS a0l t
— oo Z Ol (4 JSCd) (wloly ol o 00l Lis Yoo N=YVY Slojojl o (Ve 50 JSb) o (Bl 5,05 4
g ogli slaols ) (adld (ol ot pelaly ol (bal8l ol ST )5 (HBly 3y 9 s pad i (JIaS
o I VO/OY o OF/YD AS/AY VO/SY AB/FA SOIVA QAUFY dga> 13 sy 4 ST (0595 oo oyl cmyle
oy FIVA 5 [+ AIAY +[AY NAD NEY o [8Y dga> sy & bcalue opl 5l Caol (iolj8l B30, il
o (A JS8) 5 (o8ly (355 9 s Al (e S (eSS cd (sl D > gne ol Coluss ol ]
Lesl @l 45 sy 4 0292 g (V1) ylSam g b dalllas ol b golis ol 38 o 205 MelS |, s
sl 039y (B e o=V Sloj0jls )3 (Bjeyn il )3 (Blg 3,55 gy s g, o iy oo
Wog ) B 3 LST (eej haw (slod (adlh (o )57 (58 o 9 JWS =00 Z Sl (o) 0 51 Jol> gl
o oyl O LST sl JluiS— 40 7 clyoss (V) USS) (bl vl oas 00y L Yo o V=Y +YY Jloj o3b 5o
(Yo (595 ol gy slmolo > cud i 4 S (g sk & sl 039y (38l (slmolo ST )5 Al VY o
33y A/FY o YA SR/AN AY/SY S+ /WY QF/A QYN AV/Y 390 13 polwd g polgs ¢ pralis i cungS]
g IVF AIND N /OB co/Ae NF[Y o/ oY STV g0 55 palbe pl a5 sl (iol 8] dalllas 390 dilate
W USCS 53 asli ol ) e e oyle] ausy s 5503 sk 1 Cansl 0398 5 ixe ial38l Aoy < oA
e 2 Sy gy ) Jeols @l A8 e 0l (S Sy il Waole 151 15 1) (e e (slod 3Rl ol 3
ol oa5 a3l s Ve V=Y YY Slaj 05Lyn VF o WY S 53 Sk asld e )5 pres cad 9 JIS
& ol 039 (ol38] Waole 81 50 o YV Sloj o3h ol p3 (SW)b (asls IS e 7 @l WY JSS ol
AN SN+ 5> i dy polgs g puolipes CassST gV oyl pojlo 42)8 cargily slmolo (Sl oS (g 5o
(Vo> Lol ,> Laid 45 039y ial33l o8 0yn bl jl doyd YEISE o AY/IY VF/SY QYN AF/AY Ab/0F
s 0ol garyp oCanol LB I me Liul33l Mo ys F/AY g +/BY FY/AE AYIVE 55 4 yualgs g yuolipw cangS]
Slilllas gl .48 o sl il slaole ST 551, (Su,b Lialial opl 50 (VE JSS) 50 pasls ol o )5 oS
Oili8l g Led iuli 8l cpl 55 AP o LKen g 015 dlll 29y 9 VAL ) Sa g 0lj0u>y IR ) 5 (5,05
il 9 5988 o 3 led Slyis K9y oy 8 e 53,8 Sl |y (S ym il 205 (sla S5k
|y Bly 35 g e Gtalidl ol Jo 4 g lod a8l arldl Sl gy @ blio (] 45 2,8 20b S50 0
Dby ialidl b s 8,k 5l .(Ahmadaali etal, 2021: 13 ;¥V+ ¥+ o)) SKen g 015 dll z9)) Cusl 03,5 a5

heeel sgs ol oS 039 Gl 4 9y (W8l 355 9 s (Al W9y (65y9liS (LS by Logase (LS



¥y ‘_,l:m,‘ NY ;D)Lo.w gY 3)93 ‘l“.él)i.‘} aollad Vo5

Sl & 598 (B8 iz g i Giend ) (SH5b adllae pl 45 de Sloj o3l )3 & WS o apl aiils

ol 0dg U....ul)sl f.));‘.;o 2O |) ulf)n).m

4)

-

9

49913

P gy a0 Z o)kl N
B S s al 0 Sals T 28 1 (o o 53 A

IO 5058 Oliwl S — LS
0 130 260 520 780

(og3 gLabl) savie



VoV SOV PO JUVE - SU TP PPN ITR BN ] COV S PV

4995 43599 ool

AT P L e T eSS e LT N

[ ]l A
] et e — )
1O a8 Ot g 0 130 260 520 780

YorY-Yeo) Glojosb 10 oo 5 yaoss Cunid (wlw! o NDVI Y umy el K9 NI
(oigdy Saidly) sauio



YF oY oybiumo; AT Bylowd VY 3,93 cbidl i dolibad VoA

493 49999 oobo

G 9 pond Ll JIWS op0 Z o bl N
B i Aal 0 ol I sl LIS (0 (o3 A

e mmkm
0 130 260 520 780

IO 3 Ol jp

(o293 gaibl) :avie



-4 i 9y O S W9y oy 31 [ 1) S0 g (o3 lunond

43995 43509 ool

335 9 pud Laslh (T ued8 o 0l N
e A
L el e ms—Km

|:|OL?}0)‘° R i 0 130 260 520 780

(2931 sabL) sasie



VF.¥ ullm} AY E)M gY 3)93 clg,.él)i.‘? aollad Y9y«

49305

Joosf <0 93

o) e Sles AL JI (0 Z ook N

B o ol ] ol ) s 1S sro (! B A
[ — )
1O w48 Ot g 0 130 260 520 780

Yoo )oY o VY loj sl y3 JINS— iy bl g SB axdaa glos s W ol pueds g, -3 ) JSWS
(Oh2es gLadl) sae



AR w93 3 gadT gy oty 1 [ 3]y K0 g (o2 Lomwond

43933 43598 b

w}@h&éhé&élﬁawioﬁ.ﬁ@o}bT

N
[ ol A
A [ — )G
1O 48 Ot g 0 130 260 520 780

Yoo d=Yo¥Y Slojojl 45 oo 35 cmodd o 0,le] (wlwl p S haw glod (ad L Ol pdd Wgy I Y SIS
(293 saBL) sasie



YFoY oylimoj AT bylows YT b9 cbdl i doliuad Y

4913 41599

N
o Mk el Sl (e Z o bl
B S o a0 al [ s LI (oo 1B A
mm me s Km
0 130 260 520 780

CIOE 38 Ot 40

Voo NV XY loj sl y3 JINS— 0 0,lel (el 1 S5yl ad L ol pueds g, I VIS
(Oh2es gLadl) sae



Ny i 93, O gadS N9y (o )51 [ 3]0 g (3 nons

(PN

SNl el G T eSSl 03l N
| el A
] ! - — K111

; 5
] O 500 Ol 590 0 130 260 20 780

Yoo V=Y o¥Y Gloj o5l 45 cowy5 oot cannd 8l bl 3 (S0,U (ad b Ol peds Wg, 3 F S
(g3 Labl) saste

25 3 S,k 5 (LST) ey b (5Lod (ET) (o28ly 305 9 judnd b NDVI ad b oy (Saansod
Slnole Stumon alaly ] (nyy sl 035 03,51 V0 S5 )3 Vo V=Y o¥Y ilaj ol 3 ey il (ET)



VEF ol AT bylows Y 593 il yin dolibad M

@ 0dgr Cudo dlasly pl B30 liwl Colun ydu g bole ST )5 oS ol L dls VY Sloj ojL opl 5o caliseo
i 4 ol g ST el cunsST gV (0503 ¢ o cJugl il dupsh sl gloole 13 i 4 Sgygbo
ol dabio cpl il Moy OY/AD 5 OY/¥ YANE SALY SADA AN AMAL AYIYA AY/-Y SF/AY HY -5 s
o) o slod a3ls 5 (NDVI) (alS by (adld o dlale (Staven o)y ool 03 Cuto alai
oL VE S 5l Jeols zuls gy ol 00 039l V8 S 40 adlllas 3590 (Sl ojb 3 80 (il (LST)
it (St ey )l (s 5 52l sl b csliole Jol o5 loj ol ol (sloele 1 )3 oS a3
SOIYY QF/YA YAYY A-IAS 55 yualod g proles piST ¢ o ygl ¢ wylo 4599 cigils ol 5 4 oS g0k 4 034
o Alale dlaly ol gy aimed Al e it ably cpl o0pm kel 5l Aoy ASEY o S¥/¥ OFNO
035 63,1 WV JS5 53 Vo VXYY o ol 3 ol yn il (Ssk sl 5 (NDVI) (oS gy ol
P Sk 4 o3 Cute daly (pl ddlllas 3590 093 (slrole ST 55 &S oy (LS (Siren dbaly (g ol
AUV AEF A/AY 3 (i 4 pmolusd g yolgs ST eawsST (¥ gn £ 895 «Joyol (sl dy98 s gil} (slmolo
g ol Cuto dbaly ] adlas 350 dilaie I Loyd VY5 o ADIYE DAY SS/AQ AYIVE SAIVYLFNY
o o Sy 5l 4 03g Siis elapaldl 3> ksl ol waldl 45 sl (b BB jen bl 5> wiiS cllllas
sy -(Paroon etal, 2019: 124) 5,5 o,lsl 0bj aBly 5,05 5 e Cpicmed 9 oS (SHL YU slod 4 g oo
288 05 (E s b 3 el ipgiS Jels alS sy i Sl o o ol g 5% oldlas
S5 5355 SaJBlis 13 (g Gy 5 5 5 bd S ol 9 4omet 53 Sl 005 sanbite Lo 3y sla Jund
b b s (AL b 9 o8 (S5 Yl b Jlo )5 g )3 Ll il a3 ol sl 4
. Paroon etal, 2020: 1206V VYV V¥ Ve )San g dioly (6 )tiSl) wil oo oS Jho dpw Jouad 4y Cond oS 099
Lod Giol38l (alS W) ouiiS dguze 5 ol Jolo o Siiddas ¢ Siid 3ble 0 103, by 55,500 Glallle
a1y olalS 0y Colas ol 45 S uyien)s O 5508 o @ 4 g Adlioe (D)l 99105 5 s3dy5 S
Cool osaliie BB (53 4 ol onl 5 o500 il )3 4 0 Vb eyton 3 Ol el g Lo i3l

(Ge etal, 2021: 7¢ YA+ YRR () San g dtols (6, 0:80)



Mo i 9y O S W9y oy 31 [ 1) S0 g (o3 lunond

ool

ET INDVI (% (sSumods N
IO 3058 Ol js0 0 130 260 520 780

Yoo )Y oXY Slojojb 5 ET g NDVI a8 yiwigr (ol cym (oSiwaod )OS
(Oh2g3 slaabdl) save



49913 4398 ok

LST INDVI (s sSumod N
e A
I v e —

|:|Olf}-°f'° R i 0 130 260 520 780

Yoo VoY oYY Slojojl ;5 LST g NDVI bl g (ol ot Siammod )5 JSW
(Oh2g3 slaabdl) sase



& MU GNDVI s Shren N

B i A
-W Km

; 5
T ol 505m C3lit §y0 0 130 260 20 780

Voo VoY o XY bojojl 5 (Swiyb g NDVI (LS ey adlds o (Siasod VY S
(Oh2g3 slaabdl) save

& 5 4o
I PS Gidgy oy A8 o 035 e pelpe 3 1) Sl dregi o Cul 0diiS )SS (esd9e (e 5T
ol 2 ool a8y oyt a3 b Dokl 5 (e S L oS M e G OMe alox
SIL g (Bl 35 9 w5 e aw lod (LS by dble )55 g Slys K9y (o gl addlas
sl Sl g 15 o lanle urdge st &Y gume I s ET 5 LST NDVI Lasls §1 oS30y ol
05 03l Yo¥Y B Y+ o) o o 03l 15 (s e conds g JIiS— 30 o] J o3lil b ERAS 3 ol o5



Vf.¥ ul;wwe)éA‘” E)Lo.wnYY E)gb“g}‘)»daw A

355 dple (Sl g (HSly 535 9 5 g o) e glod 9 (BUS Hlde O (Niewen Ay oles 3
38 B9y (SN g (HBly 5y35 9w (AU Hldey TV Sloj il cnl 3 Slysd L9y Jelos gl ell
Qg b ool odly lid 093 5l gyl pme ialS Clyuss N9y o) daw (glod oS Cuwl b yd cpl Al pxe
(Srod (0] gaw slod b by 4 il 48T i)l plo b (LS by o (Stased (o @l
oy Sl 2en Gladss LQJ &S oS ol lis Ge etal, 2021 9 VY- )y Son 5 (o0lg> v )]y San g ol
ool S0l g Led uls ol (glayzell 5 jmtn Leslil ool o LS Libe lui o a9
oy yogMe yols 5 3 g, cpl 1 00,50 bld o8l glayiol)l plo 516 558 0 el cpl &S .003505
oy I pioren o (aBly 5yx S g e daw (slod ASle Koo glaedly l aslS ladss ) edliiwl 5)ge
Dides 5y Byze)l ol Sl B 5,8 eolil 35 ERAB a1d (gjlujl cela o ilo o3l 505 mobio 5 Sk
5 s ool b (RS (955 B 4 055 )18 oy 0y90 (LS SR 2 el Sl it €3 L 5 395 e (LS
b 313 maee cnl 45k gl sl 35 (al g Col a0 g0 5S 2H1  JB1 )3 do e ]
e sloyally 2 ogdle 45 39 o0 Soiiy 0392 e slaialyly b oo LS by o ol I S0
adllae 390 5 (JluSis 5 Jusily 55 9y «SB Cugby ke 1500 el plo Guios (ol ) adlllas 550
929 pll aw 93 ol 3 ddlllas (pl il (Slas ) 5 waldl (392 Eotie 5 (DS 4 do g b 9 o0 Saiiey

255 )15 duglie )90 3250 (ol @l L o] s

Jbo o>

ble 5 30y oS 5 Jgl odiny i (655 s, I Jols dlio ]

OB Mg pew

5>l e Giggy cnl Pl 3 (B

K8ls dLlai

58 i ol L]y g Sttasi b bl )3 sadlio g 5L gt 5,10 oo pOMel (S by
Sl g a8

Al 530 m oK 53 ol odingi s (655 Al 5l ol dlie gl e st osiysi o] & Ly



4 i 93, O gadS N9y (o )51 [ 3]0 g (3 nons

&l

W= Vo (V) po Sib . YL aanl g gyl oy ko n o clmadl s, e L S5eym kil
https://doi.org/10.29252/aridbiom.2021.15258.1821.)

S5 39y oy (VFN) 51 o il 5 e i3] e gy oM ol faal ey (gl (¥
Ol 1063y90 Adlllas) y93 3l Liomiw iS5 jl ookl b Sitddey 9 Sid sblio 3 JluSis 5l gl olS jiie
https://doi.org/10.22052/deej.2020.9.28.11 NY=YA (YA) ¢ )bly pimwsST (awsige . (5 50,

oalazwl b Sl oy o)l (VF+) lyes o g dlal o lysd e Jamy c(gadp0 cduas ¢ oME (g0l cdiald (g 08l (Y
(V) bzl 5 ye oty = Gole i (o) plisl 103,90 Aalllas) JLuSiis 5 O e () (3L
https://doi.org/10.22059/jrwm.2021.314310.1550 .} - ¥-\Y -

Sleedgy I oslatel b 5000 sl (codlBl ay aigy (WAY) mpe w0dljld) g LoyeME cgygb fabbo gn (¥
MO-IYY A(YY) (s adlaie 3y 4ol y2) Lél x> dolilad, oS
https://doi.org/20.1001.1.22286462.1397.9.1.8.8

@y Jusias Sl oy n (MFT) ola catelygyuiSul 5 o (g9 ud i Jadlpl (2938500, lond (ol (0
MY (V) e Sad (ol bl rgdyee  ddllas)  alie  glagpylS s eul8l y] JWEYS
https://doi.org/10.29252/aridbiom.2024.20742.1965

5 owo; Sojd MERRAZ. slaoals wlul p il 0 (55b obdisy (VF+Y) oo wdljls, ol olyes ¢ Je oanidy  (#
http//doi.org/10.22059/jesphys.2023.350125.1007465 . FAY—£54 () +) Las

P ol s b s el Giea 5 Sy bl (YR4) 955l cpliiolis 5 p)5T (J85s Colan tacbl oy ) (Y
https://doi.org/10.61186/jsaeh.10.2.149 NVF-AY Q(YY) daws g Ll & i 5 50,0 li!
g by slacueS obin (VF)) Ao (Vo B g asly ¢ Slasy fsg (g (oD fhose @l dllzgy (A

https://doi.org/10.22059/jesphys.2022.334358.1007383 SAY-YAY (¥) dsb 5 cywej Sy

5055 oay 58y alS b Jl sgly (V1) 38 ool (lorb g o3ljT cungd msS oems (AL (4

SN AV) e Gl sbgiash (OB ol e adlad)
https://doi.org/20.1001.1.22517812.1401.12.2.6.3

10) Ahmadaali, K., Eskandari Damaneh, H., Ababaei, B. & Eskandari Damaneh, H. (2021). Impacts of
droughts on rainfall use efficiency in different climatic zones and land uses in Iran. Arabian Journal
of Geosciences, 14 (2), 126. https://doi.org/10.1007/s12517-020-06389-1

11) Bakhtiari, M., Darvishi Boloorani, A., Abdollahi Kakroodi, A., Rangzan, K. & Mousivand, A.
(2021). Land degradation modeling of dust storm sources using MODIS and meteorological time
series data. Journal of Arid Environments, 190, 104507.
https://doi.org/10.1016/j.jaridenv.2021.104507

12) Dawelbait, M. & Morari, F. (2012). Monitoring desertification in a Savannah region in Sudan using
Landsat images and spectral mixture analysis. Journal of Arid Environments, 80, 45-55.
https://doi.org/10.1016/j.jaridenv.2011.12.011

13) Eskandari Dameneh, H., Gholami, H., Telfer, M. W., Comino, J. R., Collins, A. L. & Jansen, J. D.
(2021). Desertification of Iran in the early twenty-first century: assessment using climate and
vegetation indices. Scientific Reports, 11(1), 20548. https://doi.org/10.1038/s41598-021-99636-8

14) Eskandari, H., Borji, M., Khosravi, H. & Mesbahzadeh, T. (2016). Desertification of forest, range
and desert in Tehran province, affected by climate change. Solid Earth, 7(3), 905-915.
https://doi.org/10.5194/se-7-905-2016, 2016

15) Fiorillo, E., Maselli, F., Tarchiani, V. & Vignaroli, P. (2017). Analysis of land degradation processes
on a tiger bush plateau in South West Niger using MODIS and landsat TM/ETM+ data. International
Journal of  Applied Earth Observation and Geoinformation, 62, 56-68.
https://doi.org/10.1016/j.jag.2017.05.010

16) Gao, W., Zheng, C., Liu, X., Lu, Y., Chen, Y., Wei, Y. & Ma, Y. (2022). NDVI-based vegetation
dynamics and their responses to climate change and human activities from 1982 to 2020: A case



V¥ o AY 5yloss FY 5,95 Ll i doliliad Y.

study in the Mu Us Sandy Land, China. Ecological Indicators, 137, 108745.
https://doi.org/10.1016/j.ecolind.2022.108745

17) Ge, W., Deng, L., Wang, F. & Han, J. (2021). Quantifying the contributions of human activities and
climate change to vegetation net primary productivity dynamics in China from 2001 to 2016. Science
of The Total Environment, 773, 145648. https://doi.org/10.1016/j.scitotenv.2021.145648

18) Hereher, M. & El-Kenawy, A. (2022). Assessment of Land Degradation in Northern Oman Using
Geospatial Techniques. Earth Systems and Environment, 6(2), 469-482.
https://doi.org/10.1007/s41748-021-00216-7

19) Huang, Y., Zhu, B., Zhu, Z., Zhang, T., Gong, W., Ji, Y. & Chen, D. (2019). Evaluation and
comparison of MODIS collection 6.1 and collection 6 dark target aerosol optical depth over mainland
China under various conditions including spatiotemporal distribution, haze effects, and underlying
surface. Earth and Space Science, 6(12), 2575-2592. https://doi.org/10.1029/2019EA000809 2

20) Huete, A. (2016). Vegetation's responses to climate variability. Nature, 531(7593), 181-182.
https://doi.org/10.29252/aridbiom.2024.20742.1965

21) Kendall, M. Rank correlation methods . (1948). https://doi.org/10.1007/978-1-4684-6683-6_9

22) Kumar, B. P., Babu, K. R., Anusha, B. N. & Rajasekhar, M. (2022). Geo-environmental monitoring
and assessment of land degradation and desertification in the semi-arid regions using Landsat 8 OLI /
TIRS, LST, and NDVI approach. Environmental  Challenges, 8,  100578.
https://doi.org/10.1016/j.envc.2022.100578

23) Liu, F., Chen, Y., Lu, H. & Shao, H. (2017). Albedo indicating land degradation around the Badain
Jaran Desert for better land resources utilization. Science of The Total Environment, 578, 67-73.
https://doi.org/10.1016/j.scitotenv.2016.06.171

24) Liu, X., Yin, T., Zhang, Y., Huang, D., Wu, P., Wang, N. & Wang, R. (2023). Water use strategies of
Robinia pseudoacacia and Quercus acutissima vary among seasons and planting methods. Plant and
Soil, 483(1), 199-207. https://doi.org/10.1007/s11104-022-05736-3

25) Liu, Z., Si, J., He, X., Jia, B., Zhou, D., Wang, C., Zhu, X., Qin, J., Ndayambaza, B. & Bai, X.
(2024). The impact of desertification on soil health stability in Semi-Arid alpine Regions: A case
study of the Qilian Mountains in the northeastern Tibetan Plateau, China. Ecological Indicators, 163,
112098. https://doi.org/10.1016/j.ecolind.2024.112098

26) Mann, H. B. (1945). Nonparametric tests against trend. Econometrica: Journal of the econometric
society,13(3), 245-259. https://doi.org/10.2307/1907187

27) Mehmood, K., Anees, S. A., Rehman, A., Tariq, A., Zubair, M., Liu, Q. & Luo, M. (2024). Exploring
spatiotemporal dynamics of NDVI and climate-driven responses in ecosystems: Insights for
sustainable  management and climate resilience. Ecological Informatics, 80, 102532.
https://doi.org/10.1016/j.ecoinf.2024.102532

28) Meshesha, K. S., Shifaw, E., Kassaye, A. Y., Tsehayu, M. A., Eshetu, A. A. & Wondemagegnehu, H.
(2024). Evaluating the relationship of vegetation dynamics with Rainfall and Land Surface
Temperature using geospatial techniques in South Wollo zone, Ethiopia. Environmental
Challenges, 15, 100895. https://doi.org/10.1038/s41598-024-62464-7

29) Mu, Q., Heinsch, F. A., Zhao, M. & Running, S. W. (2007). Development of a global
evapotranspiration algorithm based on MODIS and global meteorology data. Remote Sensing of
Environment, 111(4), 519-536. https://doi.org/10.1016/j.rse.2007.04.015

30) Mu, Q., Zhao, M. & Running, S. W. (2011). Improvements to a MODIS global terrestrial
evapotranspiration  algorithm. Remote Sensing of Environment, 115(8), 1781-1800.
https://doi.org/10.1016/j.rse.2011.02.019.

31) Niu, H., Marquer, L., Sack, D., Gao, G., Wang, J., Meng, M. & Jie, D. (2023). Middle to late
Holocene plant cover variation in relation to climate, fire, and human activity in the Songnen
grasslands  of northeastern  China.  Frontiers in  Plant  Science, 13, 1071273.
https://doi.org/10.3389/fpls.2022.1071273

32) Roy, P., Pal, S. C., Chakrabortty, R., Chowdhuri, I., Saha, A., Ruidas, D. & Islam, A. (2024). Climate
change and geo-environmental factors influencing desertification: a critical review. Environmental

Science and Pollution Research, 1-14. https://doi.org/10.1007/s11356-024-32432-9

33) Running, S. W., Mu, Q., Zhao, M. & Moreno, A. (2019). MODIS global terrestrial
evapotranspiration (ET) product (MOD16A2/A3 and year-end gap-filled MOD16A2GF/A3GF)
NASA Earth Observing System MODIS Land Algorithm (for collection 6). National Aeronautics and
Space Administration, Washington, DC, USA [data set],3-37. https://doi.
0rg/10.5067/MODIS/MOD16A2, 6



34) Sen, P. K. (1968). Estimates of the regression coefficient based on Kendall's tau. Journal of the
American Statistical Association, 63(324), 1379-1389.
https://doi.org/10.1080/01621459.1968.10480934

35) Shao, Y., Jiang, Q. 0., Wang, C., Wang, M., Xiao, L. & Qi, Y. (2020). Analysis of critical land
degradation and development processes and their driving mechanism in the Heihe River Basin.
Science of The Total Environment, 716, 137082. https://doi.org/10.1016/j.scitotenv.2020.137082

36) Tucker, C. J. (1979). Red and photographic infrared linear combinations for monitoring
vegetation. Remote sensing of Environment, 8(2), 127-150. https://doi.org/10.1016/0034-
4257(79)90013-0

37) Tucker, C. J. & Sellers, P. J. (1986). Satellite remote sensing of primary production. International
journal of remote sensing, 7(11), 1395-1416. https://doi.org/10.1080/01431168608948944

38) Wang, J., Wei, H., Cheng, K., Ochir, A., Davaasuren, D., Li, P., Shun Chan, F. K. & Nasanbat, E.
(2020). Spatio-Temporal Pattern of Land Degradation from 1990 to 2015 in Mongolia.
Environmental Development, 34, 100497. https://doi.org/10.1016/j.envdev.2020.100497

39) Yang, Y., Wang, Z., Li, J., Gang, C., Zhang, Y., Zhang, Y., Odeh, I. & Qi, J. (2016). Comparative
assessment of grassland degradation dynamics in response to climate variation and human activities
in China, Mongolia, Pakistan and Uzbekistan from 2000 to 2013. Journal of Arid Environments, 135,
164-172. https://doi.org/10.1016/j.jaridenv.2016.09.004

40) Yin, T., Zhai, Y., Zhang, Y., Yang, W., Dong, J., Liu, X. & Wang, R. (2023). Impacts of climate
change and human activities on vegetation coverage variation in mountainous and hilly areas in
Central South of Shandong Province based on tree-ring. Frontiers in Plant Science, 14, 1158221.
https://doi.org/10.3389/fpls.2023.1158221

41) Zhang, H., Li, L., Zhao, X., Chen, F., Wei, J., Feng, Z. & Hu, M. (2024). Changes in Vegetation
NDVI and Its Response to Climate Change and Human Activities in the Ferghana Basin from 1982
to 2015. Remote Sensing, 16(7), 1296. https://doi.org/10.3390/rs16071296

42) Zhang, R., Ouyang, Z. T., Xie, X., Guo, H. Q., Tan, D. Y., Xiao, X. M. & Zhao, B. (2016). Impact of
climate change on vegetation growth in arid northwest of China from 1982 to 2011. Remote Sensing,
8(5), 364. https://doi.org/10.3390/rs8050364



