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Article Info ABSTRACT

Article type: Research Article In this research, the temporal changes of three phenological events of the start (SOS), End

(EOS) and Length (LOS) of the growing season of the temperate forest located in the south of
Gorgan city, north of Iran, in response to meteorological variables variations was investigated.
Temperature and rainfall data and the time series of the Vegetation Index (EVI) of the MODIS
Received: Oct. 18, 2024 sensor, were collected and analyzed using three smoothing approaches. Results showed that
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Revised: Nov. 23, 2024 to SOS phenology stage, it would be delayed.Similarlyany decrease in T max and Tmin in a 10-
Accepted: Feb. 23, 2025 day period before the EOS, would delay its onset. In Gaussian and Savitzky-Golay (p < 0.05)
and Double Logistic (p < 0.01) methods, correlation between LOS and Tmin and Tmax in spring;
and in all three smoothing methods, the correlation of SOS and EOS with T max in the
summer season was significantly positive (p < 0.05) .A weak positive correlation of SOS and
EOS with Tmin in the summer season was observed. Also, SOS, EOS and LOS phenological
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EXTENDED ABSTRACT

Introduction

Phenology is the study of the annual life cycles of plants, animals, and other living organisms, particularly
the timing of cyclical patterns of major events driven by changes in weather and climate. Phenology is both
biological and meteorological, thus providing a key perspective for investigating biosphere—atmosphere
interdependence in spatial, temporal, and specific ecological contexts. The timing behaviors of plant and
animal species are coordinated with the annual changes of sunlight, temperature and precipitation in different
weather conditions. Land Surface phenology is the study of plant phenology at a regional to global scale,
derived from data obtained from space-based optical sensors. The most common vegetation indices are NDVI
and EVI index, which are examples of reflectance-based greenness information. The time of SOS, LOS and
EOS of plant growth season are the most important phenological parameters that can be extracted from the
time series of satellite vegetation indicators. In this study, using TIMESAT software and EVI index, the
phenology stages of Gorgan city forest have been extracted and the sensitivity of these stages to climate
fluctuations was investigated.

Methods and Materials

In this article, the land use map of Golestan province was retrieved using the global land cover product
of the European Space Agency (ESA) with a resolution of 10 meters in the Google Earth Engine software,
and drawn in 9 classes. To obtain temperature and precipitation data, agrometeorological data of AGERA5S
database were obtained using a Python programming code. Then these data (T, Trnasx @and P) were prepared
seasonally and during the statistical period of 2001-2022 in the four seasons of winter, spring, summer and
autumn. To extract the time series of the EVI index, the 16-day data of the MODIS sensor with a resolution of
250 meters was called in the Google Earth Engine system, and the SOS, EOS and LOS phenology stages of
vegetation growth were calculated using TIMESAT software version 3.3 and they were prepared with three
smoothing methods of Gaussian, Double Logistic and Savitzky-Golay. Then the relationship between EVI
index and meteorological variables of temperature and precipitation in winter, spring, summer and autumn
seasons was calculated by Pearson correlation method.

Results and Discussion

Results showed that in all three smoothing methods, an increase in T,,,, and T,,;, in the 10-day period
prior to SOS phenology stage, it would be delayed, similarity any decrease in T, and T,,;,, in a 10-day period
before the EQS, this stage is also delayed. In Gaussian and Savitzky-Golay (p < 0.05) and Double Logistic (p
< 0.01) methods, correlation between LOS and T,,,;,, and T, 4, in spring; and in all three smoothing methods,
the correlation of SOS and EOS with T,,,,, in the summer season was significantly positive (p < 0.05), and the
correlation of SOS and EOS with T,,;,, in the summer season was weak and positive. Also, SOS, EOS and
LOS phenological stages have not shown any significant relationship with precipitation in different seasons.
According results, temperature is the most important factor in the variability of SOS, EOS, and LOS occurrence
time in study forest. Any increase and decrease of T,,,,, and T,,;, cause daily shifts in the time of occurrence
of these phenology stages.

Conclusion

The results indicate that the annual shift in of SOS and EOS occurrence date has an increasing trend in
all three smoothing methods, which indicates the high sensitivity of these phenology stages to meteorological
variables and climate variations during the study period. Satellite LSP monitoring is directly driven by
meteorological variables, and among them, temperature plays the most important role. It should be noted that
some limitations such as the distinct phenology of plant species in a pixel, affect the change in timing of LSP
criteria. Therefore, it is necessary to perform frequent field monitoring of plant species in the region.
Availability of high-quality meteorological data within the forest region and finer spatial resolution of satellite
images are also quite important to achieve reliable results. Therefore, it is suggested to use other satellite
images with higher resolution in order to increase the accuracy in the time series of satellite spatial greenness
information and consider the asymmetric effects of T,,,, and T,,;, in satellite vegetation phenology
simulations.

Author Contributions

Conceptualization, N.G. and H.M.; methodology, N.G and H.M.; software, H.M.; validation, H.M.and
N.G.; formal analysis, H.M.; investigation, H.M.; resources, H.M.; data curation, H.M.; writing—original draft
preparation, H.M.; writing—review and editing, N.G.; visualization, H.M.; supervision, N.G.; funding



883 Study the effect of meteorological variables variation ...

acquisition, N.G. All authors have read and agreed to the published version of the manuscript.”
All authors contributed equally to the conceptualization of the article and writing of the original and
subsequent drafts.

Data Availability Statement
The authors confirm that the data supporting the findings of this study are available within the article

Acknowledgements
The authors would like to thank Iran Meteorological Organization and Iran Forest and rangeland
organization for providing some of required datasets

Ethical considerations
The study was approved by the Ethics Committee of the University of Tehran (Ethical code:
IR.UT.RES.2024.500). The authors avoided data fabrication, falsification, plagiarism, and misconduct.

Conflict of interest
The author declares no conflict of interest.



YAYY-YFYY Ll
Homepage: http://ijswr.ut.ac.ir

F ol OF 0,99 ¢l 1 S g 0T Wlinises Aloxo

e allin daino S JSie 08 13 55938 Ty 1 rolilyd (£ siie lusgi 56 (oo

Owd90 BN 3l adliwl b 5,5

P w e .
|57 o o8 395 | | gdigSe (yg0l

aoBL ol @S el SRS (s e 5 (555 EASED (gysliS 0uStils ¢ ST 5 (6ll g 09,5 )

hamoonmakvandi@ut.ac.ir

:MUL{‘) 'C)‘).’.] ‘E)f ‘O‘)Qf" oKy “:\Mla BLZA 9 d)‘”w olfmb ‘dj)5u;f saSisly (Lf'blg’\ 9 d)[ﬁ] (e 09/5 6J9:M LXVOWPYIA

nghahreman@ut.ac.ir

US>

4

o ol

sdiziu (EVI) (S by pasld (Sloj sy 9 051 9 Lo (ulilgn (slaosls ) osliinl b 3uis cul
oSz 13) Jad (LOS) Jsbo 5 (EOS) oLl (SOS) 958 isleid Jolye > Sloj lpuss MODIS
oy )3 450l (LS @bt 3,8 Jelod g 35 Sloj oy sillgen gy dw b ()5 el g dliine
590 Ve ojl p> (T _min) JBlis (glod (il o (T _max) piShis slod (5:S0ke Gl b (3l jlgen B,
3 8 5oy Ve ojk > T _min o T max (el L g a8l o j30 & alsyo (]« SOS (sjglid al>yo I 43
(P +/+0) §Y55 (Swinglos g (g5 SS9y 3 D90 alge G293 L jib o (] (EOS (sjglgid al> yo
Uigy dw yp 50 g Gley Jad 3 T_max o T_min 5 LOS [y ( Son (P< +/+V) algy Siwd 5
o0) 43 2l Cute (> (gre sk 4 (sl Jad )3 T_max | EOS  SOS (Siar «sjlolsan
SOS (&55)55 Jslye cysizmad g1 Gt 3 Cigns olials Juad 5 T min L EOS 5 SOS _Sturad 5 (p<
cptage o3 caallas ol abol yy lodlts s caliea b 13 il b ] (sl sine bl g LOS 5 EOS
inlS 5 il 5 sl a8 i > Wlas JSis 53 LOS 5 EOS SOS g5y o sy peis > ele

Do oo Sieled olye o8y o 33 (gl e alljsy llwy celb T _min ¢ T_max

g5y Alie 1o £od

VEYIVIYS 18y &b
VYL 16,5050 & B
VEYINYIE s sy U

V¥ Wil & ,U

fgMlS slaojly
ok

dod

(i

‘Floj S illgen

odlil b 5,5 ja adlate iz (sla S )3 (g39l5i8 Uolpe 2 (oolidlsn (gl piie logi 136 (g2 (VT4 F) 385 )lojad 9 (9ol csigSe 23l
https://doi.org/10.22059/ijswr.2025.383968.669815 AM-AAY (¥) 88 . 5/u/ ST 5 of clisiog dlxo . g0 szt ||

By © ol yeg olKisly ol L) e 150

DOI: https://doi.org/10.22059/ijswr.2025.383968.669815



mailto:hamoonmakvandi@ut.ac.ir
mailto:nghahreman@ut.ac.ir
https://doi.org/10.22059/ijswr.2025.383968.669815
https://doi.org/10.22059/ijswr.2025.383968.669815
https://creativecommons.org/licenses/by-nc/4.0/

MO s g pliailgr b puiie (lwgd 5l w2 30k RS 9 g5 (g3t — ole)

-

400
909 S oo )5 adlllas 390 4Bl W1 93 lsie 4 el el JBlo )3y 0lS ged g ploj Jsbo 3 dlal Ll elS L3,
Jf slass ckj)g JlM) uc.f L (o)ﬁ.é 9 u.tmlf ‘Ob)’c\.}l?) u.mf A oie &S u.,L.:L.m J:ls JLMD.Q) )‘| 614“3“?"" Ol}z.c 4 olS
WWigd o (asuie (aaadS awyp b oged S5l Dgd o a5 (Gatsuk, 1980; Bonhomme, 2000) 54 o oL jLdlu 43 (08 4
PSin 55 bl ple gt Sy el 5 S y2 5, s Mie) 285 guly Aligad sl S0 305 Jlsio dloyo 33 e JUinl Lo
Obgge plu g Ollge (LS GVl S35 glaas > adlllas 54058 (Dambreville et al., 2014) ol 9o  Jlgio Jolyo ololis
o olan ol g lon g OT @i bwgs 45 (vae sladliyg) (sl > (slagSUl &y o )lal b ) LT (saniyloj org 4 el o3
(655 je b oij) (sloygd (oo 565y by lis (gl g ol 5 S5 gy b g Mol (Lieth, 1974 ; Schwartz, 2013) 54
SIS (2 (alpls cl wlidlen w5 (Sjglon o $55l5id 258 ool Jlste (gyler Jluel 53 (e alold glaas 2 5
sladisS ganplej glajlis) a8 o Sl (ol (S93sST 5 Sloj (e sladine) 53 92 g Hhge Jlie (Stuly (y 0 Sl
Sy g (23S p ol Sinlen olon 9 Ol aliseo Laylyd 15 (S35, g lod by 95 a6Vl Slyis b (gygils 5 aLS
Oygo & & Wian (S5olsd lrond (Seb e S 4 ple ok Gl g ogme ey oS (2BgSS daS
SYj Ay 586 cladlyg, jl cwl ©)le LS (g59l98 (Liang, 2019) Lgd o 03l yisled Conds pasdl )0 zudly (sbaolayg,
b (gladlaie ol )5 (LS (55058 adllas (LSP) "o o (S3gls S oo g |y il oy 9 45, slooygo & ol
@ loylgale (6,30jlul L LSP (Helman, 2018) Wl o cavds olid (g)9 (sl S 5l odel cawd 4 (glaodls 5l a8 el Jlas
ke G pis s 4 Jlo ) b el o0 odizal 5,5 obie 13 (Su5lsid csloanlh 5 gl (ol sl oo i 55
& 0 Cuwles Tdliine aLS Lide (Liang et al., 2011) de8 0 tb e slrodls b <y & LSP cds ¢ loj— SKe
(Menzel et al., 2006 ; Schwartz et al., 2006) aa3 o Ui olgn g O &l s

o) o S35 slags pSojlal (SesS wlie) Jgeme (63,8 sl Sbd jlaS)ke (sidsd il il sl s,
o BUS Lider g9y lgn o ol (Katal etal., 2022) ( Sk b (clailaie wlie) (clojlgale 193 5| ioxiw g (e b (sladhaio
(Keenan et al., 2014; Fu et al., 2015 ; Liu et al., 2016a, 2016b) a3 w0 5,3 b cou |y HlS Suj a2 9 )85 o b
QLS bausgs () i g adgl W slsl 38 S sy (LOS)” Juab Jobo g (EOS) ° huad (L (SOS) 7 huad £, (o
ol ¢ Sles wlie j3 aLS (s5909i8 Olyuss ) sly (Richardson et al., 2012; Wu et al., 2012 ; Xia et al., 2015) »,l
Gl olad (S jo S 5 (s s (555058 ol L 3,0 LSP asles B 15 Ygomn o omle p (tten il M |
S o il Sl b (slelate o 1 s 5 ol yatuns s S Slio () b (S (555055 el

Jools sla LS Caw 2b ypani 4y oo Gl (S sl ojlanle (sla SLaud pl b g e 8l by, lacadgise Sy
ey Ko 3 (AU SosisS plase (5398 5 Y Aty slaisid, 2b dadsS oS5 55 Syt (Jte clsis 4 95 olgals
5 (Se3leid il S lgie & olidl 4 (JUSew 3 e (plpll 098 (S SleMbl Gloj (gyw )3 i & joxie Ailgi o0
9 il ylgen SLST Gl asle )00 lacadgasme )l bl Jusly )0 baisS cuS 5 jd Oy 4y z8lg j0 o5 Jbs )0 g 0
Ggal &S (EVI) fosd Cog (alS gy pasls o (NDVI) (LS idg Colis oud Jloy (el jlajle (alS gy (slo
4 G ioyd b 4 yioS  (Siunly 9 (ol Sl ) eslatel s 4 EVI (asls aites ObjL p it (g cledbl
(Huete, 2012) 15 o wal )3 o JKis aile LS idgr ogul 3blie ;5 1y o) 5l edlatul el 9 5 1> <o 30 NDVI s li

1 Seasonality

2 Land Surface Phenology (LSP)

3 Temperate vegetation

4 Start of Season (SOS)

5 End of Season (EOS)

6 Length of Season (LOS)

7 Normalized Difference Vegetation Index (NDVI)
8 Enhanced Vegetation Index (EVI)



(u"”@s)"_ @J&) A EXE3 bLeﬁ; & b)w 0% 8,9 “’,‘).3“ Jlégui UW M

R 5} At
5 Seigleid Cledbl pimghy ) wiged sl Cunl 0ad plol (sG5lgid Jolye pr elll 3B 05l (elie Clllae ez g oll 5
laciond )3 a8 2l > g b awyp s el 5D ealBl claodly 51 T s p3b liae g 0)leale I osel Cauwd 4 (&S W
5 Jad £9yd > (B (5 Scwend g Cunl aidly ialS alS Ay Jad Job 5 Galjdl a8y Jad g9,8 ol Gl e
(W (oo 5 SISL) wase Lis Ty Glagy Jad Job s (i34l

bod g (5l (o8l (ol it b gl abasly g g Juad Jsbo 9 (bl s o) Mg (edos (AR Sem g ygizmimme
Oloj 3 a5 &5 Sy domsth (pl 4 9 5 oy (252 055 oK > MODIS-NDVI (lojlgale Sloj (s I o3liisl
Sharad Sy5lgb sbdastio Olusd 9 o)k 9 bod Slimssd (g Conl Glag) Jad 958 Gloj 53 gt Jl pin (g Jad (L
2 0639 s

Wl gaw 93 )3 (AU Gide (Selgd sl yiall g9y souldl ol U (s p 4 6N Ao slaaidl

ey il Sl 3 ol (i 5l Lol sl 03,8 Ly (1S 5y b ol plSinag5 ol 5 45, b ST 5 18 oy
(O S g s pdo) canl o oYL Slelis)) )

3l g Ndged awyp Vool g VorA g Jlo (b boloe lad K $ o ) Hle (S50 clialin Liang et al., 2011
@ 253,8 03latul (LSP) 553 5l homias 51 (giine Slimlie (miw sl yolaio 4y (LP) jlaie (5gl5id (sl jadli 500 (gl Sl
wlgr o8 (1885 0,6 sty 4 3B 90 0)lsalo EVI (adld ool s 4y o (SOS) Juad g9, slume oS s o0 o)Lt
Olalie b oSy olad clacgles g AVl fpo @lyuss LSP jload 5ie SOS ()l y0gMe gy jg) ¥ 3l yiaS 3llas (cllad L (LP)
0l salie (pSle 93 o (bl slacsgles & oy LIS LSP g LP JolS' Sloj (sla sy dunlio )8 cud iy cillas i
chad b Silis gl gl lp Sewad e iludde Wile LSS Sl ol giie LSP 5l oslil (plply )l 92
Py o 5 &y ouiiS lgel

uai RGB (slayuyed bawgd odd ol pdaw & 5035 g (slojlanle oo 5l ioww j siwe clualie Hufkens et al., 2012
JB 38155 5 253 duglie 5255 p sl fSix Colw Jloz 3 (2LS (b sTdsd L) SR ids U YL bz o) 2 08
&S canly angr LU b ol bdyel Cawd 4 03y o 93 (ol 3l odel Cauwd 4 slayline o (So5ed Sloj sbasw o kS
2 e b 4 Slgiee e 4 Se3p e I o laodly 13 gy w3 e 9 pleil (lide 4 barpe Pl
RYTACON A PSS IY

ol 4y gl (Ss%a b 5,8 o3lazel YoV F Y-+ ela Jlu 5 sk 4385 s Sujsleid clanlin jl Gerst etal., 2017
S pol o (3 5 Jloud (150l )8 dilaio 93 )3 1 (£l)) 5 aldlrier L3 bl Jsb) (bl Cusbse 5 (L)1 5 L)
5 e Sl 4 (08 (kS & Cund (Sofeltd ki Sl aaoie YLl e (5,8 (slaisS o wizl > gl S o
ol @ 2lsn g ol S e 4 sl (mdgusly 5 5l ingy e STy Sl g sl liee) Jgead Trnax 5 o)k 52 S
SasS (slp (lnes 3 Trnin &5 5yob & g0 Sisde (b (SlodisS ) Wajlogid g9y (i sl e Trnax 45 ey s
SaiS  auglio )3 ()8 cloaisS 5 ajlboid g9, 5 ol S oo G i 4 1)k 5 (sl (o8 Al il 352 Singe (1%
(o SasS > Wl (SS 5 (S 5B 9l gyl g bl bore g Job (bl Cusdge jlai S g (B
S5t IS By SokisS ) iy

TS Slaye Sl (g)S) ) 1 S0S) 43 Jad 558 53 ok oS Slpui (g sl oS > Lietal., 2021
Febiniis (W) Ol (gdiojl 5 (T) lan (glod (oS 35 5 9 20,8 odlsinl ous 5lailias] ool b5l (a3l S colw 4y (PLSR)
o 5 ol Sl 4808 oS 5 Gl (it & 3 LS @l widges Sl «SOS () |y J3 Jlo (g59)53 9 (Srad)
Wilge 5 2539 SOS Comlus olad oSl 5 38,50 e Jole ¢l (slod 5 aLS Lidg .ol B Juad (clod 4 (SCom)

1 Landscape Phenology
2 Partial Least Squares Regression (PLSR)



MY g owliled G paite Glwgd 58U (w9 2eslo o 5 (S33950 (ig3s — sole)

9 e o bd Ol il Lol g5 0 SCOM ;5 Sloj @l puss el a5 conl ol Lol Jole bos as ST .cusls 1y 5l oy gchms o

w03 alS ]y el slag (145 )5 4 SCOM ikl el Cal (oo yidis Cuglo (pians (Tpring Tuinter) 92 () litel ¢lbawe

b OB oS (Bl Gl GGolpd Jolie Sl Ng) (NeSe (pyn (V) 48 bl ol Ban 93 b iagh ol

sl psiio 4y aliseo Jgund > MSin alS ey LOS 5 EOS SOS (cjslsis slaolisy (2iSTy cyuesd (Y) Yo o) = VoYY sl Jlo

5 A (glod (3:0le el (slod (ko (wliiblon b (gl jyito 136 (uyp I Jeob @l Sllllas ddaie ) wliilgn

o lsale 593 5l iomiw (gy5d 1 oolinal b 45,5 o o JSis alS Lidsy LOS § EOS SOS p P sTyay Tonin ) S5k
sl 01 )| T gV (Sautygls g Tl 9> Sitasd el g Sloj gm0 (s5llgen By, 4w g

93 wlidiig y

axdllao 390 adlaio

@0 jly b glalp gl 4 5,5 5l gl Gl 4 ogiz Sl linieS'5 )9S 4 Jlod LRl Jlead )3 @ly (lealS bl
S 4t ang gl o ol >l @l ol 5 G slaJSin I sy g 99500 2900 35 by g sl il
ojlsple claodls b9 Yo¥Y Jlo cly) 2o V- 209 L (BSA) Tyl alb Luill (o) St Saer Jpame coliadS il (o2
«$5)9L8S (e pliale lia5g (S M AL il (ool o) 4 § 45 S35 (el )l SS9 1381 e 5 )3 (Vg ) Jities
aolllas 3,90 dibais (LS by M cloaisS () JS) 23,5 e f ShudS 5033 5 VB (o] (sloaigy (2L Sidsy olabls
W3 oo S5 By 9 5y sl (U3 y ,

Al ) el ) 5 IS Al

0 1530 60 9 120 w4 -+
Lo ™ ™ c— sm— T ik,

ObadS bl ool 5,8 sl 1Y JSG

oy Joo 35l e Ll (15 b 4ol 5 43, b o iy b 3,5) S Lo (55 66 o5 o §
2 i adhate Sy (Sl 233k (b gy cnl 52 elyen ]y gpilesel LB ol 68 Gy )3 5 alie sladiss 5 glis)l b (]

1 Asymmetric Gaussian

2 Double Logistic

3 Savitzky-Golay

4 The European Space Agency



(u.wks).!— ‘_@J&) VE€eE slogw & b)w ©T 8,95 ¢yl ! Jbgui oludss A

b Jls o2y 36719 31.73" 1 36°46 10.13" 5 3,5 Job 54°19 47.22" 1 54°27 35 Job s 3 4 55
Bl wlidlon sl it Cllog 4 ($5eleid Jolye (Sly s (sl cpto e lawgio gl g mpo yoghS VA (00,85 ooy
e i ailaie w8l 15,5 4g3 GIS Lase y3 &yl J565 5158l o5 5l eoliwl b o)) Lwogs g SlKe slaosls 4 o (Y JS0o) A

25 o Al gy gl ye (b Bl (B8 (5l (g bl 2 (B S

53°00"E 54°0'0"E §6°0'0"E 56°0'0"E §7°00"E

OLE T 00 g iine 1o S e Cutisa

38°010"N- ///’ /j +38°00"N
/’\/f
e i

7
7°00"N x Laz°00"N
LAl =
iy /.’\_/ 4
e KX N
e (€ e v,
S5 s i i
36°00"N L36°00"N
53°00"E 54°00"E 55°00"E 56°00"E 57°00"E

P I S8 Cardge Y JSWG

P gy 9 (owlndled sosls

bl 2 9 NEtCDF cuo b 5 ailjy) Sloj p5 b (AGERAS) uSii g8 031 o5l "45,5liS” (sulidlon (gl aylos ) 3o ol o
OY olwl 5 g AGERAS (slaodls asgosmo 51 o)l 5 Lod (sbaodly zlysawl (gl .o odlaiwl asys o/ S SS& L 8154005
(soo3l3 s b 030zl (902l g 40l (15 9 TSI 1331 o35 13T ol (6 )l8 Ly S5 S s SR o 5 IS0
3w o3lel ol g il o (o Juad Yoz 53 Voo VY VY (5)lol 0y93 (b 9 P gTmax Tomin ) (shad g0 2 )l g Lod
35ke g0, Sl da 3 FIY aVle JBlis (glod Sk ol Kislo a3 VF/) aVlo jiS1as slod 1 S0be (Liuetal., 2023) L
MODI13Q1 V6.1 Jgpaxe pioxed b dygly (Yoo)-Y-¥V) dlo Yo oy S )3 jiesh A5/ aVlo Sl
d5ST g 13 o,lgmle yudge saimwuw (https://developers.google.com/earth-engine/datasets/catalog/MODIS_061_MOD13Q1)
slodly 5l adllas ! )5 Cwl EVI (adli ol eV guase | (S5 oS s o &) JuSlo yo wlol o 1) (VI) ¥ alS g adli
‘_gl.m);9‘9.lb 9 ).3‘ sLTJi )L’>‘Lg d‘)’) 9> ).) DM@DMS 4.\{} 9.) U_’x.la.m L;Lm_»b)b d])‘) )...o AR c_i..in; uly l.; w.)y RV W) 0}9) \Yd
] 0045 ealaiwl c(]é,J.c

I TY)
WS (oo ipogi |) olS Sy (ad cladd o & Cunl olate (slagSIl 153 ((SIid Sloj Sais s SS9 4 jod 5 (el 453
IS oS adlge S (call 38" Caro gy s g3 &y g5 o |y AVl Juad ad > S IS 900 4 .(JONSSON and Eklundh, 2004)
U] ub))dcby»goumw) 0593 &L‘["j) dy90 o ‘_;.Aaﬁu.vby )‘ @dewyk&(u Cal Ao ) L)"'"L’u&jb
o) o o Cuows & Solod ) gy oo (Emax) JUSew 1o & (e (loj 50 b o HLIBI (BLS idgy JUSw cud

Jelse S5lo i o et |y (BUS Sty a3l (slo i 88 ol puitio (g31a5 il o 5 ) loiso 8IS (5 0392)

1 Agrometeorological indicators
2 Spyder

3 Anaconda

4 Vegetation Index (V1)


https://developers.google.com/earth-engine/datasets/catalog/MODIS_061_MOD13Q1

MR g pliailgr g puiie (lwgd 3l w2 30k R 9 g5 (g3t — ole)

5 JluSiis Sl ecodlos Cundg o) Gibay et Soa] ) (LS gy ) Sl b (4 (g ity o) lidlse
.(Clerici et al., 2012) (0,
(AGERAS) (cwlidlgn (slayite b 0,5 o SRz 2 EVI (adlis Sl 5 Sloj (abigy (ink 9 dmwlre Cap Gaiod () 53
cshad Olisi 5 (GG5lgid slayiall glsl (gl p3Y (slaosls g a3 Slstl b ol )] 58 ailebs )3 (uadge odizmi yglas
i (650311 5] ool LS sla sl loj (slacs o w0355 03lol TIMESAT I3l p 3 V¥ a5 5l oolitl L alS ibss
S TIMESAT l38le 5 0,5 )13 oolaiwl 5y90 (LS ik (duad Ol s a3 p3Y CleMbl yusi gly Wlgi oo slo)lgalo
g e )38l p 3 )3 05 (ool | Sitie (alS' iy (Jad Sl (o) g Slojlgale polal oS g 455 sl 6208 I3
il (glaytg; b lojlgale pglas (Sloj 6w (905 5t Bl J1 138N e 5 cnl > (S39l98 sl el )l sl AL (o ()98
Sl o yiehl gy S e @l cul Lol 2 0900 pldl Y5 (Suuiiglo 9 49> St oS ile (g3l lgan
A5,Le TIMESAT 1381 535 53 od dgs (Lad pre ol )l dw 3900 gl il g o 1) (LS i 4, LOS §EOS (SOS wile
Cuaws ad & Jloj) 43y Jad (Ll (B (8L o) EVI lude 7Y+ &y Sloj o G Coow 4 &5 Gloj) 0y Jab 9,5 (@ 2 ]
oximd (Lt o b (Juad (bl g g9y cole Slo dbold) 0y Juab Jobo (€ (18l pas) EVI s TA- & Sloj (50 s
Eklundha and Jonsson, ) (¥ JS5) aib o oads (65lu,lgen Sloj (6w odimd lis jo,8 las 5 &l ibe (edli Jloj (5w

(2017
TIMESAT
0 paramseters @
12 24 36 47 61
Time
TIMESAT ,1331 0,5 43 o0 sdgi had gl ol 51 A& 2V U
Foj Sy (55l lg0 s 4,

B Jhdg padls ae (55 (p VL g GBlp Slape JBle (bl TIMESAT 1580 £ 5 53 35290 0303 (55l )lgen b9, 4w
VoS (Switiglo (Sl b lgie 4 gy cnl S 039 (e laler x> @l b (Vo5 Sustiglo by g e plox]
3,3 5 & bodly 0,5 jlaen jolaie 4y (bli I glasgemme g9y p &S Cunl 098, L8 SO il ) el ganadb Llg o
S B3l gy s im oo Bl edmy (b e @l b ]y Cledbl el g3 Siitucd g 0)litel (cwS (B9 93 9 o0
S oo o3lisiol A8y Jad (085 (loj b olyon Tty 99 b N (29SS (ABly (otug) Jeab I (Sloddhe iy

Y9 (Sl d9)

Sy Li=10 Nyi o jlade o 0555k ¢ 5ild S 5l oolainl «YMBT 05 w5l g Sloj (g (gjlylgen slaoly I (S
NI e SONE VST RE SRR F I oS

1 unimodal
2 bimodal



(u"”@s)"_ @J&) V€4 & bLex; & b)w o7 8,9 ‘G‘).ﬂ Jlégui Oludss A

YienCyit] () aba,
3 polie 1SSk Lyi o3l Hlade g At € = 1/(2N+1) o y5g 9 oo 4tiS S yxio (pSoke oy 4 oS wdls oy Sosls 4
s [y g8 g 2 Lol S o bain 1) (lad Sy S (5650 CusBge g Crlune oS oo (ke By D90 (IOl 0ok
yi, i = ool jlade o gl 0, Lk (lales win G b canlie Olaye Bl 5l ool cuwday Hlaie b Ole |y poad (Sig e o
L1y jlade g o (o3l S oo ooy ) dlais 2n+1 de & |y (1) = 1 + oot + €3t pgd do > gl dles 2> S 1,2,..N
B 5 50 (sl s s oael (VS Sutgl il (st 4 Ygeme 358 oy S 0 (23Nl b Cumbie )3 (Sléle Aty s
Sloj s 3 g3l 2V ooy b &S el Jlgen izmie S ) i § 298 00 plosl o iz 53 YL ik (S g L dbg5

OyEU (owss 9,
S wb Bl dyge cpl ) i Cunliso Loy b loj slagymw o JBlis g @Sl Joo Juolgd o e Jao mle (yog) ol o
sl b & (wsS 2 gy
(=1 X3
=) 1y

- [_ (xl—t)xs] if t<x,

X4
SS9 lgg X3 5 Xp Sl 0 i o g t loj Jis puiite 4y drgi b |y JBlas b pSlis cusBge Xp 2l (6
ol oads o3y L ¥ S 0 Xy, o0, Xs

g(t; x1,x3, ..., X5) = (¥ abayl,

scaled NDVI
scaled NDVI

time time
2l Co dowi Hlulle Ay Cumd iS50 et |y Coly Choww 20U dowd (1555 45 X, i,y (a) 45 . dxe &alei 3o yielyb c‘a!més,;‘ls.i IS
G doni o dy Cumd S (o0 Cyt Ty Gl y Cooww &30 doud (5omiiS 45 X3 el (b) 45 .Cow!l A8l (e aladi bad) Lin 381 g (97 bad)
(om Al bd) Conl 4Bl L1380 g (g bad) Lials

4\3@95 W:’ ‘):39)
@ a9 Suiwed 4l b s cuslie odly b ¢ Sloj sla gy jd J8las g Slis Joo alold o e Jao @lss gy ol 5o
sl 5 g

: : X (‘M ‘\J‘”‘)

1+exp(x)1c—2_t) a 1+exp( i;t)

dladi Cundgo X3 alin job (0 JSWS) dad o (LS ) yusd oy Xy aSUls )3 WS 0 oy | o Lilae dladi Cusbgo X

gt;xq, ., Xy) =

.Eklundha and J6nsson, 2017) 544 Juol> jlueb! jlaen S5 G 5l U 0o o jaae

1 upper envelope



MY pliailgr (g piie (g U w2 30k R 9 g5 (g3t — ole)

X, gives right inflection point

X, gives left inflection point

scaled NDVI

time
X; b job a4y .0 oo Ui 1) pdd o pw X, aSIls 10 WS oo ot |y i cilae alalll CurBgo X (il 90 Syinsd aal 40 .0 UG
23 o0 Ui alads (] 3 1) ek ChS g Xy 9 A5 0 o |y Cowly ilas alads CouxBgo

(BV1) o gl (LS (iuigy s s
S g con LU EVI g oolitul LS ibe Sujw CuoS s slp Slg o 9 sl NDVI Lasls alie EVI asls
Ohdg b (dblie )3 g A5 o guonal |) Jhdgl dmjim 489 9 (g9 aalpd Sl (B g S0 le (LS Jidg JUSew 1T,
ol ¥ oalaly Gygo G EVI Jae )8l y ol (Ko jew s )0 (oS 1yie  2LS
NIR-Red

EVI = G Ricirea—czpiuets (F o)

9CL S a5 (g B L ¢ ol g 30,8 «S035 30,3 ole anl jd xdaws (slabjb a5 )5 4 Blue gRed NIR ] p &
V5l a5,le udge odisius EVI g3,03l (lys 0 31551 ol pd sl (s oliio 956 G g Jusg 3l Cenglie pusmad cul s C2
(Didan etal., 2015) G = Y/0 sC2=V/0 . Cl =5 (L =

&bl sladdes
pr 3 ol b sl o1 oalisl (g )lol Jlod (gl sl e pd 5 gmym (Siaad S (g5 sladgy | BeiS wl
sl ;> (EOS 4 LOS SOS) duins o> (2lS by Olyesi 5938 Jolpe (o dbaly cdbgrpe ()bl slaas 9 R I3
Jgad ) (olidlon (sloyiio g EVI LS Jidgy jasld le daily (pizmen 00,5 b (o (y90)55 gy & Yoo )=V oYY

WS dasloe Ggwyn (Swed B9y 4 0l g Gl Ol (ol

Sox g g i slaasly

S3PPS J21re & Gamw (Sl dland RS g I3l g (Sl Ol Mg,

G 05 S a3y Jad Job g bl e loj (Sl FYY LV sl Jlo (L EVE (adls Sloj gy bl
0593 oyl 3 5,5 JSi> LOS 4EOS < SOS (¢59098 Jolye 13 Sloj Silyuis X9y .cunl odel 1 Jgan 13 (DOY) Jlo ) g5 3o,
Sl 5 siloaods jslate 4 g Cunl azbly ;36 (gilujlgen bgy duw p 53 Nigy cpl sl osal £ JSE )3 s hgy 4 ()bl
el 0 jla Byo (VoS Suinglo 9 49> Sytwcd sla by (Sloj iy X,

Voo d=Veuy (bl 0y9 (b o5 IS (25 Ghudgy aad) Juad Jsb 5 0l 90 0o 1) Jgo>
(JWw 45 539 39, DOY g Jaad Job LOS ¢ Jud UL EOS ¢ Jurd £943 SOS )

LOS (DAY) EOS (DOY) SOS (DOY) &ilw,lged (g,
Yo¥ N Y Coigd,) V8 WY P
y.s Ns Aag Coigdyl V0 ) Sl5 9> Sitd
vo¥ N Fe kan gy VY WYY &Y oS (Swuityglus




(u.wks).!— @J&) VE€eE slogw & b)w ©T 8,95 ¢yl ! Jbgui oludss  AAY

o R oo
T - [N
A @ /o
@ 0/
® a
T o L o
8 <7 /
g /‘5% “
)] E 1~
o |
(18]
<}
T T T T T T
2002 2006 2010 2014 2018 2022
Year
=} O/
Py o
E @ —F ¢
g
a2 7
. @
= 8T
o) oo &
O o] @ &
n o @
T
/ @
o @
5 -
o~
&
T T T T T T
2002 2006 2010 2014 2018 2022
Year
[=]
a 4
™ 2
g 1 -4 O —a R
a £ 4 3
- o @ g N
w s E— —— — ]
9 — @ & Py
2 4
— d ©
@ &
O—g
T T T T T T T T T T T
2002 2006 2010 2014 2018 2022
Year

SOS ) (owsS Lrigy 42 Voo V=Y ¥ Jlw 51 515 5 IS LOS () 9 EOS (b) ¢ SOS (a) (5590933 Jolyo 53 (o ol ks ig, 1 S5
(JL& » 5959 39 DOY 9 J»a.@ J,Jo LOS ‘Jaa.é ul._{b EOS 4‘}«@3 &9}«&

Ji2 53 (giluylgen (o9, ¥ LLOS 5EOS SOS (55lsid oy a2 oy sl slasi talS 5 (iljil ()l oo gl

(il Bl Lo )3 59y VT SOS (gjolsid dl>po g (LS by (59998 Clymss L9y (V J9a2) (5055 09y ) Conl 04l S5 Y
S dalyp < /o0 L g <8l l3El Jlo )3 jgy oYY (LOS (535l5id als jo 5 talil S 13 53, YIVY EOS (535l5id al> 5
(V Joz) 69> Swad B9y )3 3513 3529 Yo o V=YVY glaJl (b )3 0y Juab Jsbo g 03y b (L ey Jab g9, oy
ol 38l Jlo )3 59, VIAD <EOS (535)9id al> po il 33l JUo )3 j5, V¥ <SOS (59098 als o 9 (LS (b (5551908 lyis )
b 3 by b bl g Ay Jad £opd G (5 dme dlaily P < /D L g 8L Sl Jlo 3 jgy +/0) <LOS (gielgib dl> yo
S35 Clymss L9y (V Joa2) Vo5 (Sustiglo (hg) )3 Canl 0 Yo sine 48y fuad Jbo Lol 31 3529 Vo A=YV (sl JLu
5998 Al>pe g (I3l Jlo 53 5oy YIFY EOS (555lgid alopo el 8l Jlo )3 5o, YVF SOS (sfglgid oo g (LS iy



MY g pliailgr g puiie (lwgd 3l w2 30k R 9 g5 (g3t — ole)

b 3 8y Jad Job g A8y Jab (bl dy b £958 (o gy gme daily p < /o0 L g el Gl o 55 9, V¥ LOS
O el (Siwmod (Y65 Sty glu g 4l g0 Siwd ( woS o9y dw (gl p R? O g D0 0939 Voo V=Y VY oo Sl
(Y Joi2)

Siwylgen W39, ¥ LLOS gEOS SOS (55998 Jolp dy cyduwy (s 3g, s (il gyl (g bl Julowi Y Jgus
(Jlw 52 £589 59, DOY g Juad Jgb LOS Jaad LY EOS ¢ Juad g9 i SOS )

LOS

EOS S0s Jolye
©Ulwys P-value R? ULy P-value R? ULy P-value R? iy
DOY DOY DOY PRI
ny ol o[y YIV\ ofe -/5) v/PE ofe -IVY oS
/) .IvE .- Y/AD oo - IvY Y/vs oo V- S5 St
V¥ oo A Y/$Y oo Vs YIvs oo | Y Seygle

(ke sl Egnono 5 b 3 015, 1+ Bl 3 35T o (il 5 550 e o o)

2)9> (b 13 5 ilw)lgan b9y dw o 53 a8y EOS §SOS & (ydw) ploj jl 8 gy Ve Sl g pSlas (slod (pSlee (o)
inlS g 8l e 135 & Al e ] SOS (g5glgtb dloya 5 U5 oy N+ 03 3 T il b & ol i Yo V=Y ¥Y (gL
u,uu‘).Q‘ ).Ja.’ u.wl...w‘% dlb).uu.o C)l.’L.uy 33‘“"@ 4>|9.a LB)?:U lJ ).a.s d.lb-).o U”l <EOS d)y}«s dJ>)A )‘ J.«_Q J9) e b)l.’ » Tmax
9 4555 slp (Piao et al., 2019) 3jlul o p3b 4 1] g 3,138 o 13U ges Aile Sojodgm cloan] b &5 p @iVlo lod 1SSke
PLS b S5elps Jolye 5 (swlidlon sl jiie (o (Sitsod (Golsid iliee Jolye i (ulidlon (gl juiite Cllwgs SI Jelos
5 49> St gusS (5Ll gy d b Y N=YY ()bl 0)90 (b 5 july g il o plino) Jsad o (55 S

(B9 ¥ Joliz) 13 (g2 Y55 (Suitrgl

s Silwylger (pig, b (ad (S5l £902%0 9 Tonin ¢« Trnax 9LOS s EOS SOS (559538 Ul yo oo g gt (Swenod Y Jgu>
(Fhodko o3l 2oy 9 31,5l da )3 Lod waly JUw 3 £98g 59, DOY cJuad Job LOS «Juad (il EOS (Juad g9 SOS)

LOS EOS SOS

_ _ _ _ — - P
Prec T max T in Prec T max T min Prec T omax T min
- /\VYY -o/e¥a -o/+- oYY o[+N0 -o[XY AR o/-V5 o[-50 Oliae;
YA < [OVY* - [OYY* PRYRRLY NAYNS <IYYY AN AL 4 AR e
Y < of5e ofee¥ -+ [YAA </¥YA * NARA% EYAY A - [¥VO* AR Ol
AR AR -+ [YYY -+/\¥A AN YARNS -+ /YYY —+[YY¥ AT b

(%29 ¢ybuob! > )15 o p-value < «/+ Y Jlado % ¢« 290 yluobl > (&,l> sxop-value < «/+0 ,lako %
o 28R J s SRNCILNT ol J

45@9.5 S ‘_g)‘.w)‘ye& U"’?) L u’.«aﬁ ‘;.\J)b &9 9 Tomin ¢ Trmax 9 LOS g EOS SOS d)gjg.d J&"o O O M € Js.\é

LOS EOS SOS Susansd
Prec Tnax Toin Prec Tonax Tonin Prec Tomax Tonin EH P
BYRTY o[ AY /-£f SN N0 .[-53 I\$$ o[- FY R o
-o[+5Y < [OVY** o [OAY** /Y5 AR IYY¥ AR EATA Y ARA e
< /-YA AJ-on -fovE SIYOE O ESSE A | /RE BAE vy ol
VALY .Jovs YRRY - /¥ - /\E SIWYE | NAY o YYA /Y 5l




(u"”@s)"_ @J&) A EXE3 bLeﬁ; & b)w 0% 8,9 “’,‘).3“ Jlégui UW ML

SY S (Suzglw (g5l lgod (g, b (had (S5l £902%0 § Tonin ¢ Trmax 9 LOS 9 EOS SOS (559098 U150 oy (ygm yot (Niaannod 10 Jgui>

LOS EOS SOS Sz gl
Prec Tonax Tonin Prec Tonax Tonin Prec Tonax Tonin 375
YARY RS VRN AN AAF R Y8 R o5 R
YR < [¥AS* . [¥av* o[-\ </VOA NAYNY NARA AR -+ [\AY e
ERYAND AT A4 -+ /Y0 - [OV¥* ARAY ANrd AR /YAy Ol
ERVARYA AR -+/YaA AR AR -+ [YAY -+/\AY ALAL ALY b

LOS (o (Stmsods ¢ (0 < /1) (F Jgio) &89 S 9 (p < +/+0) (8 5 ¥ Jghia) sV o5 (Senislis 5 (55 (B9 0
Jad 3 Tipgx LEOS 9 SOS  Sivsod (O 9 ¥ & Jolio) 558 gy duw j2 13 50> (ggw jl dd o (yiul3sl |) LOS ases
Joliz) Gob gy dw )3 (P < +1+0) 292 o g L b ol )3 Tuin L ool adlasly 9 08 o) e (5l tme yobo 4y (il
2L oyl cal (Koo o] cle g ams o 1331 1, EOS § SOS bl ;3 Lod yiul33] a5 3905 (6 pSaoeis oo oo 9 ¥ ¢ ¥ Jglis
Logams 13 150 cov |y als ide JWa)ls claled oYU skl g 368 0 b)S cuilsl yiolibl 4 i w5 Thgy &
Liuetal., 2016a ; Ma ) 3jlil o 536 4 |,EOS « S (6pm Job 55 Jdg,lS co 5 Lials g (oitumgid slaes il cdlsd jiol38l
LOS » d).,d?ﬁ ul).»‘ )Ler 9 Uw) » Tmax L)“"])B‘ 9 A o0 L)“"])B‘ |) LOS )L@ﬁ 9 UL.M.\A) P Tmax 9 Tmin L)“'J1)3‘ (et al., 2022
Oyl ials 5 Lo )S cuslsl il el canl (See g 9 e 30 Trnin 9 Trnax Uil «cdybo G651 0)1 T 4 o
aliwl pjob; Jas! o aUS Jidgr oAb jew 5l B Trnin Hlie 1S53 (gm0 5l (Lietal., 2019; Piao et al., 2015) 3¢ 53;Lo s
ol (Piao et al., 2015) aisb 43l Tay 4 Coms GBLS (48 jow p g icins b Cunl (Koo Tin oyl Cowl bo)S &2
s Cpl pogMe w3 o isli8l ) alS (ider ws, LOS daseis ) wad ]38l 1) SOS cuwl (Sew jlg 5 e 13 Trax 9
Piao et) w3 iul58l 1, LOS doeis )3 g 3jlily y3b 4 1y EOS Wlgs oo Trin o p,5 45 48 o sl 5leg ) Thpim LLOS o
.al., 2006

S 5 4o
o399 Jso 35 ol s 5 olidlon (sla it & (555ly8 Jolyo (] b5 ol Sl yol (] 85 a3 o (25 (55l
Cawl 03¢ 31, Kl a3 S5 5L 1 65kl 090 Jobo 53 lga (slod pSke a5Vl blwgs 3ui5 oyl 4> (White et al., 1999) Lb o
olislon ola o b o Chnds  Siumed Sy o5 cnl 0391 <ol Lo )i cilisee (sla Jlo jd ay LOS (slaje, obuls o3l 4
Wle) Wby uad Job cblugs cCanl 03l L 1y (g0l &g, lblwg by Juad Job uSile « EOS 4 SOS My ol by .l
Gallinat et) 3,8 o b (cled 2 sale; slogSl 2 oy 5k 9 020995 Mo @9 (Sl S 3 iy (g 0590 polas
solgd ¢ Jlod s p0l 50 5 5 9 Jlod oyl o) )3 Lol 455 Jog (Sfalgd Clalie Lidos ) i cdly il
Gerst et) ais by (558 soaisS b aulis 3 (26 cladiss 3 bajligd £9,d 3 Lol Syome 4 lgis 4 (0)k U sl 548
U5 e 1 Tonim 5 Tonar 4 LOS 6V Gl g 3,05 (Siarar 3l Tpgy b 05, EOS 5 SOS (¢jslsié sl -(al., 2017
Sl i a5 o i imes G (slaal b o iul33l LOS ases 15 g odlidl ;36 4 EOS dgsl yialsl b o8 aas oo
35 4 1) )b gsi 170 5l S NAO 5 (5)k o Jlo 3 el bod 4 bgyjo (59098 olpe 4 o) syl o 4L



MO g pliailgr (g puiie lwgd 3l (w2 300k R 9 GsS (g3t — ole)

solygy glad > (56 G yre &S (glojlgalo LSP il a8 oy lis pols jimg}s (Gordo and Sanz., 2010) s o olais!|
5! )N Sy 1y O oy yiegeo Lod (b ol g 9 g 0 Colin wulﬁm Sl pxio bwg losdins ols S u.Lo]

GBIy (S g o Ty o8 o o5 \pssl 5 ol (S (553555 1 (P sTomar Touin ) (oo (soliln (slo it
$59g8 wilo laydgasme (A &S Cuily a5 1L (Matthews and Mazer., 2015) 53lul oo 36 4y 1) 28 o )b 9 23 0
5o Sl il I eoliul 1N 5,135 o 586 LSP (clajline sy ploj 0yl Sy G 3 (25 sladisS plae
@ 2liws Gl lojlgale pslas (Sl Sloj €8 (il g Jowo )3 (wlidlgn slaosly 3929 cailaio )3 39290 (LS (sladisS
28> Gl e & SVl CSSE €5 b lalgale sl ] 395 0 Slay culplis i il Sl (g pe) slozel W6 gl
Diber (539090 sl siloand 10 Trnin 9 Tnax onyliiel sl g 59 a3kl cloylonle  olad Ko SleMbl Sloj s pw

25 B S e (slojlgale alS

15,105 0929 N o (ot 28l (2,05 A"

&Qbw

(FIY e 315 3050 it (Ll sl Juad .S e (olBl polis (B0 (o (i 9 S 9 4255 (VAR ogeme (6399l 5 ol sl
SID. https://sid.ir/paper/175733/fa .\ Y¥-44

g o odby hyind opled ganddb o lpl eddBl slaaids dubel wyp (VY mme ol Jxgly g oles (olidlydy ¢ Je LS
DOI: 10.22125/agmj.y-vv. NF=Y (M)« «(gjyoliS cwliblon @y i . ylea ouldl (siis digy (sl B9y Cann)S

WP 2 wll s 25yl pelateds 593 I o 38 (VW) sigen daeo ¢ gotio g uslowsl el lbale (6)a £ (1))l D32 (SR,
KO8 (YWY .80 ()5 bl taslllas 3)50 ddlaie) ylalS (g55)5id o

w9 ool sl Sjgded (clhanasiie Xy (WAR) g (26 g (nely (Slex ol (e cibio (lagyd (590 51 e
SID. %0V (FNY  lpl K YooVl Sloj o 4wl > MODIS-NDVIE Sl spw  (sliey
https://sid.ir/paper/386323/fa .590-577

b oS sy (55ls8 1 moldl yoid Sl (e (IVAY) s csiic 5 51 e oS50 L ule (S 9513 lygtle saobll 0k
SID. https://sid.ir/paper/389071/fa N VV-AA (YA ¢ 3L po (55)5liS AVHRR (cbaodld (gloj (6w 3l oolail

REFERENCES

Bay, N., & Davoudi, M. (2010). Analysis and prediction of some climatic elements of Gorgan city. The
Quarterly Journal of Zagros Geographical Landscape, 2(4), 99-114. SID. https://sid.ir/paper/175733/fa. (in
Persian)

Bonhomme, R. (2000). Bases and limits to using ‘degree.day’ units. European Journal of Agronomy, 13(1),
1-10. https://doi.org/10.1016/S1161-0301(00)00058-7.

Clerici, N., Weissteiner, C.J., Halabuk, A., Hazeu, G.W., Roerink, G.J., & Miicher, S. (2012). Phenology
related measures and indicators at varying spatial scales. Investigation of phenology information for
habitat classification using SPOT VGT and MODIS NDVI data. Applied Spatial Research Earth
Observation and Environmental Informatics, Wageningen, Alterra, Alterra-Report 2259. 112 pp.; 33
figs.; 15 tab.; 34 ref.

Dambreville, A., Lauri, P.E., Normand, F., & Guedon, Y. (201¥). Analysing growth and development of plants
jointly using developmental growth stages. Annals of Botany, 115(1), 93-105. doi: 10.1093/aob/mcu227.

Didan, K., Munoz, A.B., Solano, R., & Huete, A. (2015). MODIS Vegetation Index User’s Guide. (MOD13
Series). Version 3. The University of Arizona, Tucson.

Eklundha, L., & Jonsson, P. (2017). TIMESAT 3.3 with seasonal trend decomposition and parallel processing.
Software Manual, Lund University and Malmo University, Sweden.

Fu, Y.H., Zhao, H., Piao, S., Peaucelle, M., Peng, S., Zhou, G., Ciais, P., Huang, M., Menzel, A., Pefiuelas, J.,
Song, Y., Vitasse, Y., Zeng, Z., & Janssens, I.A. (2015). Declining global warming effects on the
phenology of spring leaf unfolding. Nature, 526(7571), 104-107. doi: 10.1038/nature15402.

1 Trillium ovatum


https://pubmed.ncbi.nlm.nih.gov/?term=Matthews+ER&cauthor_id=26595165
https://pubmed.ncbi.nlm.nih.gov/?term=Mazer+SJ&cauthor_id=26595165
https://sid.ir/paper/175733/fa
https://sid.ir/paper/386323/fa
https://sid.ir/paper/389071/fa
https://sid.ir/paper/175733/fa
https://doi.org/10.1016/S1161-0301(00)00058-7
https://doi.org/10.1093%2Faob%2Fmcu227

(‘:u.&s).!—‘sol&) V€4 & bbﬁ; & b)Loa.:' o7 8,9 ‘&b.:‘ Jlégui oludss AT

Gallinat A.S., Primack R.B., & Wagner D.L. (2015). Autumn, the neglected season in climate change research.
Trends in Ecology & Evolution, 30(3), 169-176. https://doi.org/10.1016/j.tree.2015.01.004.

Gatsuk, L.E., Smirnova, O.V., Vorontzova, L.l., Zaugolnova, L.B., & Zhukova, L.A. (1980). Age states of
plants of various growth forms: a review. Journal of Ecology, 68(68), 675-696. DOI:10.2307/2259429.

Gerst, K.L., Rossington, N.L., & Mazer, S.J. (2017). Phenological responsiveness to climate differs among
four species of Quercus in North America. Journal of Ecology, 105(6): 1610-1622-
https://doi.org/10.1111/1365-2745.12774.

Gordo, O., & Sanz, J.J. (2010). Impact of climate change on plant phenology in Mediterranean ecosystems.
Global Change Biology, 16(3): 1082—-1106. https://doi.org/10.1111/j.1365-2486.2009.02084.x.

Helman, D. (2018). Land surface phenology: What do we really ‘see’ from space?. Science of the Total Environment,
618, 665-673. https://doi.org/10.1016/j.scitotenv.2017.07.237.

Huete, A.R. (2012). Vegetation indices, remote sensing and forest monitoring. Geography Compass, 6(9):
513-532. https://doi.org/10.1111/j.1749-8198.2012.00507 .x.

Hufkens, K., Friedl, M., Sonnentag, O., Braswell, B.H., Milliman, T., & Richardson, A.D. (2012). Linking
near-surface and satellite remote sensing measurements of deciduous broadleaf forest phenology. Remote
Sensing of Environment, 117(D11), 307—-321. https://doi.org/10.1016/j.rse.2011.10.006.

Jonsson, P., & Eklundh, L. (2004). TIMESAT - a program for analysing time-series of satellite sensor data.
Computers and Geosciences, 30(8), 833-845. https://doi.org/10.1016/j.cageo.2004.05.006.

Katal, N., Rzanny, M., Mdder, P., & Waéldchen, J. (2022). Deep Learning in Plant Phenological Research: A
Systematic Literature Review. Front Plant Science. 13, 805738. doi: 10.3389/fpls.2022.805738.

Keenan, T.F., Gray, J., Friedl, M., Toomey, M., Bohrer, G., Hollinger, D.Y., Munger, J.W., O’Keefe, J.,
Schmid, H.P., Wing, I.S., Yang, B., & Richardson, A.D. (2014). Net carbon uptake has increased through
warming induced changes in temperate forest phenology. Nature Climate Change, 4, 598-604.
DOI:10.1038/NCLIMATE2253.

Khalili, A., Bazrafshan, J., & Cheraghalizadeh, M. (2022). A Comparative study on climate maps of Iran in
extended de Martonne classification and application of the method for world climate zoning. Journal of
Agricultural Meteorology, 10(1), 3-16. 10.22125/agm;j.2022.156309. (in Persian)

Li, K.; Wang, C., Sun, Q., Rong, G., Tong, Z., Liu, X., & Zhang, J. (2021). Spring Phenological Sensitivity to
Climate Change in the Northern Hemisphere: Comprehensive Evaluation and Driving Force Analysis.
Remote Sensing, 13(10), 1972. https://doi.org/10.3390/ rs13101972.

Li, X., Guo, W., Chen, J., Ni, X., & Wei, X. (2019). Responses of vegetation green-up date to temperature
variation in alpine grassland on the Tibetan Plateau. Ecological Indicators, 104(5972), 390-397.

DOI:10.1016/j.ecolind.2019.05.003.

Liang, L. (2019). Phenology. Elsevier. University of Kentucky, Lexington, KY, United States.

Liang, L., Mark, D., Schwartz, M.D., & Fei, S. (2011). Validating satellite phenology through intensive ground
observation and landscape scaling in a mixed seasonal forest. Remote Sensing of Environment, 115(1),
143-157. https://doi.org/10.1016/j.rse.2010.08.013.

Lieth, H. (1974). Phenology and seasonal modeling. vol. 8. Springer-Verlag. New York.

Liu, Q., Fu, Y.H., Zeng, Z., Huang, M., Li, X., & Piao, S., (2016a). Temperature, precipitation, and insolation
effects on autumn vegetation phenology in temperate China. Global Change Biology, 22(2), 644-655.
https://doi.org/10.1111/gch.13081.

Liu, Q., Fu, Y.H., Zhu, Z., Liu, Y., Liu, Z., Huang, M., Janssens, I.A., & Piao, S. (2016b). Delayed autumn
phenology in the Northern Hemisphere is related to change in both climate and spring phenology. Global
Change Biology, 22(11), 3702—-3711. https://doi.org/10.1111/gcb.13311.

Liu, Y., Shen, X., Zhang, J., Wang, Y., Wu, L., Ma, R,, Lu, X., & Jiang, M. (2023). Variation in Vegetation
Phenology and Its Response to Climate Change in Marshes of Inner Mongolian. Plants, 12(11): 2072.
https:// doi.org/10.3390/plants12112072.

Ma, R., Shen, X., Zhang, J., Xia, C., Liu, Y., Wu, L., Wang, Y., Jiang, M., & Lu, X. (2022). Variation of
vegetation autumn phenology and its climatic drivers in temperate grasslands of China. International
Journal of  Applied Earth Observation and Geoinformation, 114, 103064.
https://doi.org/10.1016/j.jag.2022.103064.

Malayeri, F., Ashourloo, D., Shakiba, A., Matkan, A.A. & Aghighi, H. (2018). Investigating the Effects of
Climate Change on Vegetation Phenology Using AVHRR Time Series Data. Journal of Agroecology, 8
(2), 98-117. (in Persian)

Masihpoor, M., Darvishsefat, A.A., Rahmani, R., & Fatehi, P. (2021). Phenological parameters trend of the
southern Zagros forests based on MODIS-NDVI time series during 2000-2017. Iranian journal of Forest,


https://www.semanticscholar.org/venue?name=Trends%20in%20Ecology%20%26%20Evolution
https://doi.org/10.1111/1365-2745.12774
https://www.sciencedirect.com/journal/science-of-the-total-environment/vol/618/suppl/C
https://doi.org/10.1016/j.scitotenv.2017.07.237
https://doi.org/10.1016/j.rse.2011.10.006
https://doi.org/10.22125/agmj.2022.156309

MY g pliailgr g puiie (lwgd 5l w2 30k R 9 g5 (g3t — ole)

12(4), 577-590. DOI:10.22034/ijf.2021.127807 . (in Persian)

Matthews, E.R., & Mazer, S.J. (2015). Historical changes in flowering phenology are governed by temperature *
precipitation interactions in a widespread perennial herb in western North America. New Phytologist, 210(1), 157-
167. doi: 10.1111/nph.13751.

Menzel, A., Sparks, T.H., Estrella, N., & Roy, D.B. (2006). Altered geographic and temporal variability in
phenology in response to climate change. Global Ecology and Biogeography, 15(5), 498-504. doi:
10.1111/.1466-822X.2006.00247.x

Piao, S., Fang, J., Zhou, L., Ciais, P., & Zhu, B. (2006). Variations in satellite-derived phenology in China’s
temperate vegetation. Global Change Biology, 12(4), 672-685. DOI:10.1111/j.1365-2486.2006.01123.x.

Piao, S., Liu, Q., Chen, A., Janssens, I.A., Fu, Y ,H., Dai, J., Liu, L., Lian, X., Shen, M., & Zhu, X. (2019).
Plant phenology and global climate change: Current progresses and challenges. Global Change Biology,
25(6), 1922—-1940. https://doi.org/10.1111/gch.14619.

Piao, S., Tan, J., Chen, A., Fu, Y.H., Ciais, P., Liu, Q., Janssens, I.A., Vicca, S., Zeng, Z., Jeong, S.J., Li, Y.,
Myneni, R.B., Peng, S., Shen, M., & Penuelas, J. (2015). Leaf onset in the northern hemisphere triggered
by daytime temperature. Nature Communications, 6(1), 6911. DOI: 10.1038/ncomms7911.

Rayegani, B., Arzani, H., Heydari Alamdarloo, E., & Moghadami, M.M. (2019). Application of remote sensing
to assess climate change effects on plant productivity and phenology (Case study area: Tehran Province).
Rangelandsrm, 13(3), 450-460. (in Persian)

Richardson, A.D., Anderson, R.S., Arain, M.A., Barr, A.G., Bohrer, G., Chen, G., Chen, J.M,, Ciais, P., Davis,
K.J., Desai A.R., Dietze, M.C., Dragoni, D., Garrity, S.R., Gough, C.M., Grant, R., Hollinger, D.Y.,
Margolis, H.A., McCaughey, H., Migliavacca, M., Monson, R.K., Munger, J,W., Poulter, B., Raczka,
B.M., Ricciuto, D.M., Sahoo, A.K., Schaefer, K., Tian, H., Vargas, R., Verbeeck, H., Xiao, J., & Xue, Y.
(2012). Terrestrial biosphere models need better representation of vegetation phenology: Results from the

north American carbon program site synthesis. Global Change Biology, 18(2), 566-584.
https://doi.org/10.1111/j.1365-2486.2011.02562.X.

Schwartz, M.D. (2013). Phenology: An integrative environmental science. Springer, The Netherlands,
Dordrecht.

Schwartz, M.D., Ahas, R., & Aasa, A. (2006). Onset of spring starting earlier across the northern hemisphere.
Global Change Biology, 12(2), 343-351. doi: 10.1111/j.1365-2486.2005.01097.x

White M.A., Running, S.W., & Thornton, P.E. (1999). The impact of growing-season length variability on
carbon assimilation and evapotranspiration over 88 years in the eastern US deciduous forest. International
Journal of Biometeorology, 42(3), 139-145.

Wu, C., Gonsamo, A., Chen, J.M., Kurz, W.A., Price, D.T., Lafleur, P.M., Jassal, R.S., Dragoni, D., Bohrer,
G., Gough, C.M., Verma. S.B., Suyker, A.E., & Munger, J.W. (2012). Interannual and spatial impacts of

phenological transitions, growing season length, and spring and autumn temperatures on carbon
sequestration: A North America flux data synthesis. Global and Planetary Change, 92-93, 179-190.

https://doi.org/10.1016/j.gloplacha.2012.05.021.

Xia, J., Niu, S., Ciais, P., Janssens, I.A., Chen, J., Ammann, C., Arain, A., Blanken, P.D., Cescatti, A., Bonal,
D., Buchmann, N., Curtis, P.S., Chen, S., Dong, J., Flanagan, L.B., Frankenberg, C., Georgiadis, T.,
Gough, C.M., Hui, D., Kiely, G., Li, J., Lund, M., Magliulo, V., Marcolla, B., Merbold, L., Montagnani,
L., Moors, E.J., Olesen, J.E., Piao, S., Raschi, A., Roupsard, O., Suyker, A.E., Urbaniak, M., Vaccari,
F.P., Varlagin, A., Vesala, T., Wilkinson, M., Weng, E., Wohlfahrt, G., Yan, L., & Luo, Y. (2015). Joint

control of terrestrial gross primary productivity by plant phenology and physiology. Ecology, 112(9):
2788-2793. https://doi.org/10.1073/pnas.1413090112.


http://dx.doi.org/10.22034/ijf.2021.127807
https://pubmed.ncbi.nlm.nih.gov/?term=Matthews+ER&cauthor_id=26595165
https://pubmed.ncbi.nlm.nih.gov/?term=Mazer+SJ&cauthor_id=26595165
https://www.researchgate.net/journal/Global-Change-Biology-1365-2486?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://www.semanticscholar.org/venue?name=Global%20Change%20Biology
https://doi.org/10.1111/gcb.14619
https://www.nature.com/ncomms

