Vegetation Trend Analysis Using MODIS NDVI Time Series in the Marun
Basin

Leila Mokaram', Ahmad Mazidi>', Kamal Omidvar®

1- Ph.D. Student in Climatology, Department of Geography, Faculty of Humanities, Yazd
University, Iran .ORCID:0009-0009-0947-9162
2- Associate Professor, Department of Geography and Climatology, Faculty of Humanities, Yazd
University, Yazd, Iran. ORCID:0000-0003-4558-9907
3- Professor, Department of Geography and Climatology, Faculty of Humanities, Yazd
University, Yazd, Iran .ORCID:0000-0002-4956-3002

Corresponding Author: Mazidi(@yazd.ac.ir

Extended abstract

Introduction

Vegetation cover is a fundamental component of ecosystems, particularly in arid and semi-arid regions, playing a
critical role in biodiversity conservation, soil erosion mitigation, carbon sequestration, and environmental
sustainability. Given that such ecosystems are highly susceptible to both climatic/fluctuations and anthropogenic
pressures, long-term monitoring of vegetation dynamics is essential for effective(natural resource management and
environmental protection. In this context, remote sensing and satellite time-series data provide an efficient,
spatially extensive, and temporally continuous tool for assessing vegetation“changes, with the Normalized
Difference Vegetation Index (NDVI) as a primary metric. Previous research has employed various satellite-derived
datasets and statistical approaches to characterize vegetation trendszacross,diverse spatial scales. While tests such
as the Mann-Kendall and Sen’s slope estimator are widely recogaizedyfor detecting long-term monotonic trends,
many studies have overlooked the simultaneous integration of trend magnitude, intensity, and abrupt change-point
analysis. To address this research gap, the present study utilizessd comprehensive long-term NDVI time series
derived from MODIS imagery (2001-2023) within the/Maram Basin. By integrating the Mann-Kendall, Sen’s
slope, and Sequential Mann-Kendall (SQMK) tests,.thisistiidy aims to provide a robust analysis of vegetation
dynamics, offering a scientific foundation for longétermymonitoring, land-use management, and the identification
of degradation-prone areas.

Materials and Methods

The Maroon watershed, covering approximately 3,808 km2, is located in southwestern Iran on the slopes of the
Zagros Mountains and extends/acre§stparts”of Khuzestan and Kohgiluyeh and Boyer-Ahmad provinces. In this
study, 23 years of NDVI data (2001-2023) derived from the MOD13A1 product of the MODIS sensor aboard the
Terra satellite were used to monitor végetation cover changes. These data, with a spatial resolution of 500 m and
a temporal resolution of 167days, were extracted from the Google Earth Engine platform. To improve data
reliability, the quality asSurance layer was applied during preprocessing to remove low-quality pixels, including
those affected by cloudsjand/cloud shadow, and annual mean NDVI values were then calculated from the cloud-
free observations forgeachiyyear. The extracted data were subsequently transferred to a GIS environment and
processed in Ap¢GIS 10.2 to generate annual vegetation cover maps. To assess vegetation change trends, the non-
parametric Mann-Kendall test was employed to determine the significance and direction of trends. At the same
time, Sen’8islope estimator was used to quantify the magnitude of change. These methods were selected because
of their robustness to outliers and their suitability for non-normally distributed time-series data. Initial data
processing was conducted in the JavaScript environment of Google Earth Engine, whereas the statistical analyses
were performed in RStudio using the R programming language. Overall, the integration of Google Earth Engine,
GIS-based spatial analysis, and non-parametric statistical methods provided a comprehensive framework for
examining the spatial and temporal patterns of vegetation change in the Maroon watershed. Figure 1 illustrates the
methodological framework of this study.
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Fig 1. Research flowchart

Results and Discussion

Between 2001 and 2023, the Maroon watershed exhibited significant temporal fluctuations in vegetation cover,
while its spatial distribution pattern remained relatively stable. Changes in vegetation manifested primarily as
variations in greenness intensity rather than significant displacement of core vegetation areas. Within the study
period, 2008 and 2023 were identified as the poorest and most favorable years, respectively. Trend analyses
(Mann-Kendall and Sen’s slope) revealed a significant decline in low-density vegetation classes, contrasted by a
significant increase in moderate-density classes, suggesting a gradual improvement in vegetation conditions across
parts of the watershed. Furthermore, the Sequential Mann-Kendall (SQMK) test identified a structural shift
between 2011 and 2016, indicating a transition from a relatively static state to a more dynamic vegetation pattern.



Collectively, these findings underscore the efficacy of integrating spatial, temporal, and change-point analyses as
a robust framework for precise ecological monitoring and informed decision-making in watershed management.

Conclusion

This study demonstrated that while the Maroon watershed maintained stable spatial patterns of vegetation between
2001 and 2023, it exhibited significant temporal fluctuations in vegetation density. Statistical analyses (Mann—
Kendall and Sen’s slope) revealed a significant decreasing trend in low-density vegetation classes alongside an
increasing trend in moderate-density classes, indicating a gradual improvement in vegetation cover. The
identification of a structural break between 2012 and 2014 suggests a shift in the system’s temporal behavior
toward a more dynamic state. These findings, consistent with previous research, validate the effectiveness of
integrating MODIS NDVI time-series data with non-parametric statistical tests (Mann—Kendall and SQMK) for
robust ecological monitoring. This methodological framework provides a reliable basis for natural resource
management and conservation planning. Future studies should complement these findings by investigating the
behavior of extreme NDVI values to provide a more comprehensive assessment of vegetation dynamics:

Keywords: NDVI; Mann—Kendall test; Sen’s slope; Sequential Mann—Kendall (SQMK); MaroonWatershed.



O9sbe 3 pl ade> ;3 w390 0,lgal NDVI Sl g 3l oslisiwl b 2L gy Wig) Judoxs
" ylgsnel JloS (5 3o o ' S0 S

Oyl g 05 oKl ( Slusl pgle 0aSzsls Ldl - 09,5 ¢ cwlidlyn g Of &l blre (gl 25> gomisls =)
Olpl 0 @i olKails o Slusl pale 0aKtils o cwlislya g Of Ldl > 09 3 Luiils =¥

Olpl @3 @y olRidls « Slusl pole 0aSiils ¢ owlislgn g ol Ll i 09,5 sbiwl -V

Mazidi@yazd.ac.ir : Job Mooy 5i°

odS

(o3 opl 30 0,10 (crb 2ol sl o pan g BntunwgST (obigy Sy0 30 (oo i (LS BB Sdedidy slanigy b
oadsJloy Juolii (sl Siloj (g l 00liiwl b Yo¥Y B Yer) 0,90 (b (yg)lo 3o pl adgo 10 BbS Siniigs 0 g (Siloj ol puuds
9 Sl (et jgbiio 4y w9 09055 Judexs’ 4l NDVI Giloj— S50 29595 il . )5 518Gy 9 )90 (NDVI) (2LS picligy
s blis g lwlol (5l g iz 090,58 ooliwiSen’s slope ;J)sTﬁ sMann-Kendall, l,Lt d}ﬁ}i 3l badg)y 5 le Sxe
as ol lis a¥lw gands Judo gulis o a8 )5 ;5 aSequential Mann—Kendall (SQMK) d,oﬂ (2LS by adgy o
M98 2 (oo 55l 31 (T (G I Lol el (ot g BB (Gloj lilwgigdlyIsamilian 0590 Jgb 0 adg> BLS ibgs 4z )5
Jls canllao bl (yleo 53 .ailedg: 35 poke Ao (o1 Lo § (282 BRI ;3 Loos BLS ibgy Lol sbagils g 039
JIasS—y0 903 gl o (o lwlisd Sloj 059 S 50 (S juw Malieiiplaie & VoYY Jlo g (LS ey dieS lgic &y Yool
Qo0 A9 lcwbl zdauw jo Hlolae (Ll wigy lyle NDVI =0.1-0:2 s NDVI < 0.1 Jol NDVI ol olib as ols LS
&I Fxo Kigy wYL NDVI b wlib (Jolio o .00 0 LEG T 6, 100x0 b3Sl Wiy NDVI =0.2-04 aidb a5 Jb jo wods
SECET 1) YAIF B YV dgun )0 odes yuudi bl 395 95 SQMK 5031 ol .aiogs 510,95 p (o (5lb 31 g widlas (4L |,
P Gl 3l W gleale Sl bwge NDVL S ous gl s ol NDVI L zohuw ol (L5 j9b 4 .coluw
ol el and 90 (b (9l adge 1 (WIS G AL gy Caridg (camd Sgut AT 5O 9 eS| yke Siuligy A ST L
Al S Ao g SUS Gblo o GEBUBTE 5 380l 2 9 (rmb @il Cu e cpunnmsS T Sinl 51y (owbin (Sl Wil oo LaSl
093k 32 2T 49> « SQMK (ipw s (JIaiS— 00 39051 NDVI 1 guls (4551

doddo

Cyae () e SELGLSS aaieS oS 5 g oliuj Lulpd poss o ol S e S plge 4 (aLS by
slo s 5o AL cls Lk as PSS slrosg o515 5 Cwdlu Comds o Sllug (Rannow et al., 2014) sei o
Sasagelis sladigy ohgt (Sl SlapmsSl s Il Wl oo was oo &5 (2L 6 I )3 S b g (ool
lagelss G5k 5l Sae Ysb Sloy laesl o sy, cnl 330 (b)) 3jle a2lse o Gla il L) Siasaes
oIl glaailols cojg pol camsl pudy SISl 190 31 Grmins (6,518 5l (6o e b bl (e o8 Gl 5 Gloj s sl
Jos oM slo wliae o (2LS slo ol asdllas sl hos o )l 4 cosls 0dgs 10 polas 5 aawy iudgs &SI Lo 4
Oy (BLS gy Olss S i y90 oSSl eolawl 3 sl e o (Harris et al., 2014) wloas
e bools s Sl caxdllas 5 g0 dilaio 00 ,5ud idigr ol aiile (guuled Jdo 4y je0 5l Growiw .ol anils ol
sladlo b s (coej ctls p Sla by, nlo 4 s (39 Famslio 5 6 F5elS (331 ln lie (098, Cue b olate
.(Zare Khormizi et al., 2017) sgi o gurme S slaosls (5 )glann pilio 'y imte 5l (Ko Olgie 4 o)lgan 5]
alarly addllas el pliy caiS oo S 1) T 20aie Jalge g Gl (LS ST 2 000 g (et <2l sy
355 lolis | sl hlice Sl Gl o JaSias 5 555 5 o (2l oo ol Jalse plo b (LS (digy Ol i


mailto:Mazidi@yazd.ac.ir

o i 4 S5 L g Gl )1 ptassST (65l 50 (oot sl GBS SiSded g SiS (25 )0 (LS by
el sheol gt lsiedr e S ol (0l Camnl lapls (sl 2 e (09 S0l 5 S (3l S S
Ny, sy (Yang et al, 2022) oS o Jos 00i) Slogzge 5 (65l (Sl cpmiiinns juf 4z g puiiinne O yg0 4y ax id
5 20ke; Ygane albosls iz (6xslees (Jlo ol b sl 335 Slase sloosls (555105 p3lias (aLS gy i
alyd ol 5o sl olpen izl slagogamms b 0slil g0 5 0028 (g 05agar Bhlis 5l 5ilem 5 5 005 Ajey
ol olazsl B8 5 el (99,509, Olsie 4 sloylgmle puslas loj slacsyms ohsas 5 s925l s sloosls 5l (s yeTo e
DY 925 gy Jolowi g aalalid Gl cenlin ()Rl 5 03,5 ol 1) Sl 00,58 5 pete (aly Bl Laosls (nl 350 oo
phite Sledbl (0 Senl 3 L (slolmle yaglas loj sl o el 32 938l tl oo Lo 4 Gl g ok JAlge STl
Ol s 0 L0 (sole Slo g i )] 5 41835 slass; b))l sl ceslio (65 (it S g S5 S Lo 5o
5| slacgeme & Sloj (s (Hashemi Dareh Badami et al., 2015; Mirahsani et al., 2019Y8.8 25 val )8 o0s]
ol Sloesis S 655 londs (g510,5 Laseie laalols b 5 plite oy sboojl 4o 45 355@8iS o )lo] (slaosls
Sgd oo &Ll €5 P lgie el polie ralS b il ceges g Kl a5 owaild Blejoy90 S Job o aosls
Solnl 4 slojlgale pglas 5l sadzl Sl LS (ibs 4 bgs e sloosls « 31 sla JLsds (Niroumand et al., 2017)
b mlis Ll oSl Laasls ol wlonds Lo slea cilizes slaailolupsgs odedlS iiiss silisy cowyy c6ly 2ol
Capde g 2l )0 eoe SR GBS (g WS oo ol 8 jieS Glaia bg el plejiae o ) lapiecasST
Sy, oy Joli Vsono Sloy slagsm 059> o (s bl slo Ll (Willis,2015) wuS oo L)) Jawse &l psis
Caeaily g 5 i lolid B g, anlllas 45 ki  35LE Sleeis 5 (61050 laisloss o chad closSl caail
3 i oley Jsb jo besls IS L8 1 g oad anilds LS SulslisS Slilugs o )l 4y sl Sloj (6w S (Kileo o
Sondy (b Cupde g Siyaelin 0 (cete G Wl oa (BT Gibg 53 DL L (2l (Ll Wg) (plelid oed oo
oS 57l 2 g bl gy s 59 4 aS AN 9979 gy et slp (Tolite sla by, -5 Wl alS by
g Hpaid a5 D90 590l roiliugar galS g Sl (cwyp0)bye (g3b) Slallhe (9SG igd o
Sledler whie o LS e B Ol Gasail sleaiy, ow,» sl Fensholt et al., 2012) -l Saa
Sl eyl 050y oy Yo o =Y AN 3 0550 4 bgs o MODIS ssszews 5l Jol> Sledbl 35 3 GIMMS (slassls
als 5| (S slagSll a5 ol Baida flos s )5 alie [0S, L) b wols degaze g0 sa 5l g, gl Sl
5 degere 50 @l e (STloall iy aiies wlie ool > b ools gite g0 o 0T LS (s (Shje
B Slpmen ggome Bladfosalin b Gbls (pizes 5 o5z oSer ;o Wil (agiz 05l 5l ale i
S Re 5 o oS dlags Jo(Colditz et al., 2015) o, Ken 5 3ualsS .lls 0929 Jgame 90 slaosls Lo 4>5
o ie, G WL Y NFLY r e Jlojoyss b MODIS snimin olS idigs sosls 5l (550,40 b caisls sl
oz BNDVT asls o V0 e gy 3l Grid ol 45 inls 518 5| 0590 |y oaleS gy oyt ey, Julow
Abdiét al., 2018) o Kan 5 coue ol 0 03lil alS sy colled 1o jlolins clawiy, mloliss ! ,MODIS
5 S5, Spow s dlzr o Jlsis gl g e slasSl oy 4 MODIBQIL Jgame sloosls 5l 655040 b
e S8 0,08 b ozt pglal Sloj slasrm & STL 2aghy cnl wilon lpl 375 Jled (il ad &l
S s W iigs sl &) s cpid JLaSits glooygs 1o oS|ze slaSim a5 ol ol b ot alool Lawgie
oS sl o ssmlie alS a0 sl L5 w0og Gyl JLSis S a5 gblie S 0 (b ool b ilos S a0
San 5 oolilallae abl aLS by Cands » Ahe erlil slag sl 5 el ple 28 S Wi
i 1y Sl oM 15l A canadd 5 0 cewadd (Glolgale slassls 5l sslizul L (Abdolalizadeh et al., 2019)
ol 1 it e gy (lgieay (il a5 ol LaS s wisls 18 bl 9550 (e eads cblis adlate 2L

! - Greening
2 - Browning



Dastigerdi et ) ,5en 5 (69,5 ciws .&loads Joaud 1288 &5lye 4 5 ool axlge CoaS 2alS 4 g, g0y, b laodles
NDVI o3ls gy gy 3 (o Ll oliwl o alS ide culled Ol s &g, Juloo jelaie 4 (al., 2022
as ols oylis JlasS— e (55l ,bb yg05] (605,54 51 ol gl 5,8 eolaiwl usdge slojlgale pglas ;| oo ! Sel
@ 2r (Pl 0 a8 b ol ails (g jlsline lpdl (alS by Wy, bl (B8 Jled g (GBS slagisu
vl 039> &L Libe ol ss (Dastorani et al., 2025) ) Sen 5 Slygiws 1048 oo odalive talS (ga3g, oyl
s,y Google Earth Engine L=s o i)l sbeesls 3 SPI NDVI a3ls 3l solaiwl b 1) 90, slul s agS
o 330t Sl YT B Y v e 0,90 s Comd Yo YE B YNY 0,90 ;0 NDVI ol il a5 ol olis mls wisS
S GEE § 15 5| iomins cubll s axlllas ol o azeils Lo po 058 ol il il b aS ooy aiate aLS i,
555 a8l Sasaes 3blie oalS (iby g Pl
SrpiswsST o alS pie obe g el yoxs &l 31 o i 4 (Forozanfard et al., 2025) o Kenty 95355 8
NDVI b oo 3l osliasl b gy ol 55 il oedile o aoly slo oo 5l ool b (B0 70kl S
as ol plis s al ileass YV Jlo b alS iibg sl &l pss aig, SSP3-7.0_ Gamlin. 5 ouddl slaools
e ) 53 5 Sl Bblie By 5 s e i 3blia o el My 5T LS s il
e lSe 6180 Sog, 5 comble (650l b iy (slo oo 5l oolitus] Caan! y dalllns (gl hS aialss @ 2w 1, NDVI
25 25T Sas slapniesS|  waldl s S o) sl
laosls 5l plesen oolitul (23,5 )18 (o) 9550 (Slobl 15 (BLS (il 9 ey 6 )5 Deatl slandy, slaslllas o
il g b S ol ol o] gl ojle IS8T ssas |, S 54851 Bhis wilg o NDVI asLs s CORINE
Ao, Y sgas ol Jbline 5 cudie g, NDVI Llov o coanalbylis YVA BV gla Jlo b I, ase ool
gy Daasih il sl )bl sl el 5 503l nins M BT il ol 0,5 anl asllas 39 dilaie
(Kuzevic et al., 2026) s s oSt aLS

15 o2l iy Sasatdy glaais, SPEI JlSis SA U NDVI i 50 cloasl 5 6,50, b glaalllas
4 S (LS Ghdigy Sl a5 0l (83l 85 8 (cwy 0550 SRS RS 050 Sy (b oz sl T oy
S0l 5 i B i el A i g anil i e L35 0 JLSs slaslas 5 s, by
LUl 5 et anly s £+ gl Wl Lo 41 gy ol ol 005 Lol ailaie () oLS (b o510
oL 5 wxdlgl (Opiyo etqal.; 2025) 5 )5l o pal,d Sis slapianwsST obg g ooaldl Ols Gl S
5 sl Jolge 30 cov SR T Lbg slog b (s5lwani» olyie b iy o (Abolhasani et al., 2026)
5 oonldl Jolse mas S5 ,0) VL LUlg Bolas JSim op,550| s RESTREND g, casS 55 45 wiols ()L € canll
2o, YA 090 g codfl Jolge | b alS b Lials 5las,s Ve sga> a5 o5 olo o] slaadl .o ls ol Ll
Sl o8l A aS] 0ls (Lt izmen gy ol el (55108l 5 (55,5LaS o554 o Sl slacdlad azms (T (il 5
il A el adse gtz g o o Gl slacidlad b g o Jled
PGl 5 )59l iorins slaosls jleoliial b (LS iy lpss Jlod a5 amd o0 (LS Ay dieiay )90
5 JSE e azmen 65lL0 lagysesl ohgar «Gloj g pw silel slagdy, g anils 4z Bl nSl sleass o
G o J I b siles gy Sidaes s S GlapirwsST o aeail slawss, olubd @l 6550 lalnl o ot
o bl 4y 4255 (g 1 (BLS iy s B0 L clanils 557505 alaie slaJaloxs 5 b iy Slalllas 31 slovac
g8y Oloj 3 et Do iy loje el 4 (Sl sla gty ol » 0938 wles S gus s o] (e Sloj S8
Slaade> ;3 ohgh i wlas Sladigy )3 (b e Cupoe slp &5 (egdge talaiBlo p palr ozl G 0 Sl
sl ) ol NDVI ooatly e gy 5l oolitl b a5 ol 0T 10 ol iyl 65055 comsl 650 eyl pl S



"o IS0 bl 9051 515 T e e N IS - e slayges] (Rl (655 54 MODIS (2001-2023)
ol S o o2l Slei— Sl wlide jo 1) alS ibs s bla g Ol Gl cbaeasly slaasg, olulils oSl
2 25 Il plgieds wilgs ga g amd oo il (g ke 1o pl Adg> (BLS Gide obg 3l Fralr g 5G5S s pgal 0,50,
2355 58 osliinl 3 90 (LS Ay 55 Jlad (5 me ;0 Sladigy (artiS g Gue e So e cDdeaily (L
slojlsale pslas Gloy Slasrw p (He ug)le 4292 )3 (LS (idgy Dl W) Jelos g (il S b gy
Glodigy gancadsl 5 el bl olulids (o) Cope Gli)] o Wlg oo sanlwsay @S ol ol plxl
S Ll s 35 2 S Gl yd plp o alS ibs sl g cblasmuiels

Logbg) g olge

Rallss 90 dillaie

Slalegise ads> cal () JS0) 08 Cunsg qye 2ashe YA A S50 5 00l @8ly ol nl 2009 b ()l 0 pl a2
Yo ol sloise Gl oo 515 095y sloasals 13 5955 o0 2 ;0 1) dexlng o sliSeS 5 (liwjss slaplin
5 log) et e bl iwse 5| oale 4liag, ol 5 Byb dz o 0)5 A dla sk 5 e az,0 Y
SIS S5l eee b e S0 Gasle S azlps 4 Segl ST g0 )3 Bt (b 5l e 5 9T (o0 JSCB ogli
slacis lnlr (ol aw Boyb 5l rizeen 5 ol il 45 5 gl (ol s aliasgay g 00d Glan S0 35
by 3l wgh (oo 815 50 97 DYgp el a5 (L5)b sleess o ek (TN, 2025) S o Lol ) s g olnl>
Gt a2l s opz 4 Jled 5l g wdlioe byl Jled @3bUA 5 ol sl s 5l (390> U g bl (gl Bl g ail e
G O e 5 w5 5 el i 5 (oo, i BETE s IS ol 4 055 o 4lS Lnosss ol
Dby (g Sedlad gl 5 el 50 sege il Jamd Sl jo ol ailaie cpl lalS laaisS £gi 0 sob;
(Kazemi, 2002) s ls L5

ESIUN IB0UN SSION

sla s

[ == Kilometers
o 10 20 40 60 0

T T T T
s000E sosoe  stwoE s13ovs

Fig. 1. Geographical location of the Maroon River watershed in the southern Zagros region
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NDVI (<=0.1) Annual Trend (Mann—-Kendall & Sen’s Slope)
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Fig 5. Fitted Sen’s slope for the annual NDVI trend of the very Sparse vegetation class (NDVI < 0.1)
during 2001-2023 in the Maroon River watershed.
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NDVI (0.1-0.2) Annual Trend (Mann-Kendall & Sen’s Slope)
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Fig. 6. Fitted Sen’s slope for the annual NDVLtrend'of the sparse vegetation class (0.1 <NDVI <0.2)
during 2001-2023 in the Maroon River watershed.

3535 0023 Lis YeYY B Ve o) 0,90 b leiasgs o (Y JSo) NDVI= 4/Y — +/F o3L 0 a¥le &l s Jloges
78 ezt g AVl 8ly olas (S S el JaoliEl IS g, SO L ol pen axgs B oy by
NDVI i aids ol o ,05 Liali8ll (S8 T euio cqa a5 ol cpw ooy bl 00iss 191 5 aeails 834, eaims ;LS
Al logi YO+ B e e sqasy s Buke ai b 0l 5 NDVI iolie o550 ol by Jloo 15 .ewl asdllas 0,58 Jobo 1o
i b aS 098 o camlive >gd LB ol8l YY) L Y-V slo Jlo sgu 10 ogas « SLL ol jo a5 Jb> o
0030 53 (YoVY o Ve Wil Jlo gu aiile) by Jlu 550 50 orhaie glacdl (ol 0929 b sl ol o 0,90 JS o Jlaids
5 Cuie Z ool b3 YIS 98 (y903] zuls i s ) (S iul58l adg, dilaiuslgns oeelisS Ol paas ol Lol g o
anl soye WAL mhaw o 1y Jloline —iul3l &g, S5 2929 (Q>0) G Cudie oy § P<4/20 Z>+) Jlolins
22 BB IR o1 a8 iy 05 5 a5 lgigm (el Al s, ol (oSl oS s 51 05 o
ULy b e jo iloas Jiie adls pl @y (1/Y2) 5ol NDVIL Lol 5l cisu o glassSay il (g,le adg>
SlaSiz sloo y50 489 9 Loo y5,L Sllugs ogas ci¥Wle a8l Ol s 51 5L Yoz loges 4o oadonnlios Sl
Slalglss (rizeed 5 o(5)sliS slacullad g pls sz b Sl slajlad (L) 68 Sl (2)bn sladle b
igy iy i IS 5 caslisS Slilugi (el 3575 b < yame 3 ol chlie (sl L o 8LS iy (Saselsid

sl a2l gl 5 )38l i, cdnlllas 0,58 Jsb ;3 NDVIZ < /¥ — «/f aiils a5 el o 5 S yol> Jloges

I~ Sen’s slope
2 - Mann—Kendall



NDVI (0.2-0.4) Annual Trend (Mann-Kendall & Sen’s Slope)
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Fig 7. Fitted Sen’s slope for the annual NDVI grend of the moderate vegetation class (NDVI= 0.2 - 0.4)
during 2001-2023,in the Maroon River watershed.
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NDVI (0.4-0.6) Annual Trend (Mann—-Kendall & Sen’s Slope)
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Fig 8. Fitted Sen’s slope for the annual NDVI trend of the dense vegetation class (NDVI =0.4 - 0.6) during
2001-2023 in the Maroon River watershed.
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  N D V I =  ( N e a r I n f r a r e d − R e d ) /  ( N e a r I n f r a r e d + R e d )


  S =   ∑  k − 1  n − 1    ∑  j − k + 1  n  s g n (   x  j −   x  k )


      x  j   و     x  k


  sgn  (   x  j −   x  k ) =  {    + 1   i f   (   x  j −   x  k ) > 0   0   i f    (   x  j −   x  k ) = 0   − 1   i f   (   x  j −   x  k ) < 0


  Var  ( S ) =   n  ( n − 1 )  ( 2 n + 5 ) −  ∑  t ( t − 1 ) ( 2 t + 5 ) 18


   ∑  t


  Z =    {      s − 1   V a r ( s )   i f   s > 0   0               i f               s = 0     s − 1   V a r ( s )   i f   s < 0


   | Z | ≤   Z    a  n  


   | Z | >   Z  0 . 995 = 2 / 575


  𝛽 = median   X j − X i  j − i                               ∀   =   ( j > 1 )

