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Fig. 1. Digital Elevation Model (DEM) of Iran

A a8k s g5 gl bl sl gl b
Sl o Wl Sl s Dlezr 3l ol sy 5o
Sl bl alin 5 gl sl |y s eslizal Jl- 5 2238
sl o dlsy Sl e SOl 5P il
ol il Ll Sl Sl Ll e = 5 axsdS
2 i gadlie 5l s Al Sl Sle alis
4 Ll et 5 08 Ol o A Sl 6 Ll

Al Sl s Sy 5535 55

NDVI slesls Sl sbas m 55l
A eslasl (Timesat 3.3) S5 51580 05 Sl S5 g
Sl s Sl i sbddie gl OT)
iy I K3l wl s Al iy gl axls
J\JJL:L;A eJLI.éb)J 9 425)@.«:3)" 6@0;‘: Q).,L; Al g
dsa 5o Glae D3 (s slasle 5585 s 4 Gloylsals
L;Lm:l: st\b th\ )j.'.é}- o 9 L&)K wloww &\)ls r..l.c

r)y Us...:\ BE] u-il_)-’L‘-’ (V) J\MLLL;«: a:t:ébjb 9 4.23)&;..»3)\

q)

AVHRR sxzes NDVI  5lias
skowes NDVI €l OV pamne 31 Lol fags s
L oslaial NOAA-AVHRR
< & NDVI ,=>Ls (https://earthexplorer.usgs.gov)
A Gl b e n wwes 53 308 5 slaarls )

L dsles Vbl 3l eslizad L oS sl

NIR - RED o
NIR + RED

NDVI =

LBl b CUsL 5 5 4 RED 5 NIR walasly ol o

75 LL 5 (AVHRR otz ¥ L) S5 503 050l
= pams 3l asdlos 1l 55 .ol (AVHRR stz ) L)
Loaxys 0/00 p5v/00 I SS& o,k 4l 5, NDVI
sk Sl Eag 53 (TF) Ad eslizel AVHISCL ol
Oal AL Glaiiy (558 slaadlie Olis o
VAT ladle @ by dle S Sl G Ller
Yovo cladle 5 (a3d8 Oley) YAA0 5 YAAL NAAY
S ysbolea i sslizad (Jl= 0le3) YHIA 5 YoV (Ya\1
e e o3 iy Sl S b @ ax i b A aiS

Olge 4 Jlo a8 Wil o 552 90 NDVI 523 Y10



Y44 Ol ((‘JL@.‘? oyl /r-héj\g Jw) ‘;'-_‘_-.-b GU.A BE ‘g\é‘,’.‘? e Ll 9,953 u;:t...»

Wj:(z_l\’l’)xi . i=123..N v]

(M) 385 53 sl sl 5l g HANTS 2, S s
(@) awls 45,58 (5w 5l atliil gla 2l )l W) S8 5
Sk o Sl kg S s (@) 3B 500
Least square ) ole,e o ieS gy oy olaalis
slezel B Jae S sl jshie 4y 555 0 s (Method
35 bl HANTS o, S L Sl 55m S S
Slaosls o350 (1 358 i )8 Ly L oS 5
el cddodalie pslie 31 Js3 0 B esgdee 1yuee
obastl b Jsl Al e s a3l ol 51 ol Slaalis
Gk yai las 1 oy53 (V. Wsd o ol a0l @ i O35
s (VL d3l g0 a8 (S 03 looss addie o 5 Sl
U5 NOF  :«(Number of Frequency: NOF) .5 3
e 3y eslial (3lusl IS 53 Wl e S SLisr
S a8 Slasr b JUSe Gl S5 sl S e
ool g bla Cgr (8. a8 o sl VL L5 slas &
Ly o ad Jde 4 05l b (&) oslil g bla g
Fit Error ) Jsd LG gl Ol alin] (0 .das e 0L
23 goea 555 6y 5l Glas Ol sl :(Tolerance: FET
gaeia (el Jsd LB s S &S | sddbTl S
Degree of Over ) sy pme 13 axys (U S
SLol slaesls bl sluws J5la> :(Determinedness: DOD
S ez o OLES 1) 358 eslinul owie (3515 3 b oS
33,50 la bl sl 5l il alaes Ll e Slalle
(2XNOF-1) aib I s 55 (<)
Shels a slsl Gl edd e SIS la bl
Sl es 52 db 5 0 d8 Ol s eSS Sl slags
laosls o3 sdes sl ol o355 )V Jsd= 55 HANTS
e NDVI a1y 55 Jud kB esgdome x5 b e
Rkl sl w a5 L aloyss 5V B Sl alS iy
sl s 4 S L5 s Yo (Jle s s NDVI &l

Yl s loyss glil a5 L (NOF) LIS 5

Sl 1B p 5L 5s 5lesl Slos slagg e onl o
GYS- Somsle i e wls 5 bapn, S gl
Asymmetric ) Ol e S (Savitzky-Golay)
sl (Double logistic) ,Uss o) 5 (Gaussians
Wik e Sley Glag e adsl Glaesls 5 o S5
gloaaly 4 Ol5 o oS Sl 03,550 Cs 4 gl S
Sl Ao s 03 0Y) ssed anxle LI e s
Sy g 5o ealdly s s amd el glaesls (gLl
HANTS oz, 5801 15 (YY) s eslizad HANTS 2, I
035 5l Gl 53 eslinal 3y5e slagn, S 4 o
HANTS o580 55 .0F) Wil Sl 5Vt
Calzs 2eyb 0 x5 L Oly e 1y (olesl JEKw Sl

3 gad S (3 gk o 033 ol aslsl y3 &S

HANTS oz, S0
5 4yl glaesls g5lesb gl HANTS r.q)jfjl
Canyy s Gloyss S, L Sley gl 5 o350
2y 0303 e 5wt S il Ll 3 A sl (YY)
S 0355l s a4 W0 Sl bl e
Vi S1.V) 555 e esls & p-“ﬁ)}i” Lo g slazel LB Jue
S o (NG SH) b sdalia N L Sles (g SO

(Y aal)) 58 cho b a8 S L OIS o 1y Sl
M

Y, =a,+ > a,cos(Wt; —¢,) [v]
=

Q)ﬁéﬂ))pg)ﬁ)uc)}bf‘jJVJlSJ.ZQWjOT)st

sl Ml o.l,ﬁw; CA\ i AJ)A.': Sl u"L"J ti o
o595l J5b 5wl @ 58 (M <=N) 4,58 (5 iS5
cals ol L s LS8 5 Sl e Kosesla
)\ odalie N asa u:f_vl.:ﬁ l; ‘(a(_)) ja..p Jv.;\sjﬁ “ .bfjn
Sl s Wy = 201 N Jle Ol g a) gy iS5 K

qy



v Olpl AS i 5P e Ol ok ) p

slaesls 5 adgl glaesls L odle an Sl g0 S
M>L5° QL..:Q b HANTS &J}ij‘ LA): GMLSJLA)L

Looslidlysn bl Cgm 5 s a S L 55 /) FET slis
NDVI ,slie JalS 4 oo ol g oS cpl 4 g
YUK s as § ks (Low) ialS &g 4 55d

HANTS ‘.;wij\ L g NDVI Sl 6 553 shate 4 o3lizul 35 g0 (sla ol yb ) gl
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Fig. 2. A three-year NDVI time series with gaps and outliers along with the curve fitted by the HANTS algorithm
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Fig. 3. Some of the phonological parameters: beginning of the season (A), end of the season (B), the seasonal length
(C), base value (D), time for the mid of the season (E), the point with largest value (maximum value) (F), seasonal
amplitude (G), NDVI value for the start of the season (H), rate of increase at the beginning of the season (I) and rate of
decrease at the end of the season (J)
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Fig. 4. The mean time for the start of the season of the past four-year time series from 1982 to 1985 and the present
four-year time series from 2015 to 2018
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Fig. 5. The difference between mean time for the start of the season of the past and present four-year time series

a1



v Olpl AS i 5P sl Ol ks ) p

Al e Ve Jlu g el T 5 YAY 5y, s S
S0l Bles Ay mb DL Ol €28 G ams VS
r&o\WﬁVJ&i@&jb.M:yQLﬁdbwﬁ
ade Jola 1y w815 5 5 Cleli ) bses oS 01l
ol s Gole 4 ail alS wd fead OLL Ol
G gy wnddS Sl Gl 4 Cad Ld) b bl
O Gl el s (e polie Lo gble) d e OLL
0L e Ol S 0 Ghls 5l s 5 el b el
bbb s g s 5o axddS Sy (6w & S A Jud
vab cod gble s Al fead OLL Ol YV ISS 4 a5
Slab 55 5 EalS 55, YA Olses 4 ke Hsb Ve b

As Jead OLL 0L
Sl Gl 3 Ay Jead OLL Ol (SOl a2
IS L d e Sler Sl slags e 5 a8 dle Sle
Sl sl 53T K8 4 a5 Ll sddesls 0L T
able s U Jad OLL Ol @338 Oley s Al Sl
o e Y B0 o Olee Gl 5 o0 b il
AL e (515 JsD oD Jle gl Sl Jlaiss, &osse
S5 S 3 by Jad OLY 0les Ol il s s
Cor VUK e bl e 5, YO BYOr s asdS
Sl Sl e s Ay Jead OLL Ol 55l e sdalio
Slar s JB Sletd aidS Slj 6w 4 S ol Al
0L Oloy Ol pl 538 o 53 S0k sb 4 el 03 S1y
o Ll s wld Al Sl Gl glag e s A, fead

—Y10) Jl b gz Sloj sla w5 (VAAOVIAY) w2508 Wl jlgz o) (slags pm 5> Ly Jaad OLL Oboj Kk & IS5

(YA

Fig. 6. The mean time for the end of the season of the past four-year time series from 1982 to 1985 and the present four-
year time series from 2015 to 2018
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Fig. 7. The difference between mean time for the end of the season of the past and present four-year time series
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Fig. 8. The mean length of the season of the past four-year time series from 1982 to 1985 and the present four-year time
series from 2015 to 2018
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Fig. 9. The difference between mean length of the season of the past and present four-year time series
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Fig. 10. The mean time for the mid of the season of the past four-year time series from 1982 to 1985 and the present
four-year time series from 2015 to 2018
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Fig. 11. The difference between mean time for the mid of the season of the past and present four-year time series
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Fig. 12. The mean seasonal amplitude of the past four-year time series from 1982 to 1985 and the present four-year time
series from 2015 to 2018
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Fig. 13. The difference between mean seasonal amplitude of the past and present four-year time series
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Fig. 14. The mean maximum value of the past four-year time series from 1982 to 1985 and the present four-year time
series from 2015 to 2018
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Fig. 15. The difference between mean maximum value of the past and present four-year time series
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Fig. 16. The mean base value of the past four-year time series from 1982 to 1985 and the present four-year time series
from 2015 to 2018
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Fig. 17. The difference between mean base value of the past and present four-year time series
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Fig. 18. The mean value for the start of the season of the past four-year time series from 1982 to 1985 and the present
four-year time series from 2015 to 2018
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Fig. 19. The difference between mean value for the start of the season of the past and present four-year time series
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Fig. 20. The mean rate of increase at the beginning of the season of the past four-year time series from 1982 to 1985 and
the present four-year time series from 2015 to 2018
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Fig. 21. The difference between mean rate of increase at the beginning of the season of the past and present four-year
time series
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Fig. 22. The mean rate of decrease at the end of the season of the past four-year time series from 1982 to 1985 and the
present four-year time series from 2015 to 2018
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Fig. 23. The difference between mean rate of decrease at the end of the season of the past and present four-year time
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Abstract

Background and Objective Climate change has had a
negative impact on agricultural products and
environmental systems in different countries. Plant
phenology describes the periodical plant life events in
relation to living and non-living factors. Phenology is
one of the most sensitive biological indicators for
studying the effect of global warming on terrestrial
ecosystems, as it represents the exchange of energy,
carbon, and water vapor between low levels of the
atmosphere and the biosphere. Plants phenological
changes can have a wide range of effects on
environmental processes, agriculture, forestry, food
supply, human health and the global economy. There
are two common approaches to monitoring vegetation
phenology. The first approach used in many previous
phenology studies is based on field studies and
recording annual changes in phenological events in
response to environmental variables. So far, the
phenological components changes of Iran's vegetation
coverages in response to climate change and global
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warming have not been studied. The purpose of this
study is to determine the changes of each component
of Iranian vegetation phenology This approach is
suitable for small scales with a limited number of
sampling sites and is not only inefficient and
inaccurate for large-scale studies but also costly and
impossible in some areas. The second approach,
developed in recent years, is the use of satellite
imagery and remote sensing technology. using NDVI
time series of AVHRR sensor. The results of this
study can be used in determining the date of
cultivation season, environment, rangelands and water
resources management, and finally useful and
practical recommendations to farmers.

Materials and Methods In this study, daily NDVI
product of AVHRR sensor, called AVHI3CI1, was
used with a spatial resolution of 0.05 by 0.05 degrees.
To investigate the changes in phenological
components of Iranian vegetation, four one-year time
series related to 1982 to 1985 years (namely as past
time) and 2015- 2018 years (namely as present time)
were used. Extraction of phenological components
from the time series of vegetation indices initially
requires continuous gap-free data. The HANTS
algorithm was used to reconstruct the gaps and
outliers from the time series. Then, in order to extract
different phenological components, Timsat software
was used.
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The beginning of the season, end of the season, length
of the season, base value, time of mid of the season,
maximum value, the seasonal amplitude, value for the
start of the season, rate of increase at the beginning of
the season and rate of decrease at the end of the season
were extracted using Timsat software in each one-year
time series, were extracted using Timsat software in
each one-year time series, and then the four-year
average of the values of these parameters in the past
time series was compared to the present time series.

Results and Discussion Comparison of the four-year
average of phenological components of the time for
the start of the season, the time for the end of the
season, the Length of the season and the time for the
mid of the season in Iran showed that these indicators
decreased by 12, 19, 7 and 13 days, respectively. The
rate of changes of these components in lowland areas
with an altitude of less than 1500 meters are
completely different from highland areas which
include Alborz and Zagros chains. So that, from an
altitude of 1500 meters and above, the time for the
start of the season, the length of the season and the
time for the mid of the season in the Alborz and
Zagros chains have decreased to an average of 38, 46
and 19 days, respectively. In the lowlands area near to
the Persian Gulf and the Caspian Sea, the phenological
components of the time for the end of the season and
the length of the season have increased by
approximately 40 and 44 days, respectively. The
prolongation of the growing season has been attributed
to various climatic factors, especially global warming
due to increased greenhouse gases or water
availability. In Iran, in most areas, the beginning of
the growing season, especially in the Alborz and
Zagros highlands, where the temperature is a limiting
factor, has decreased. But unlike some studies
conducted outside of Iran, the time for the end of the
season, the length of the season and the time for the
mid of the season have also decreased. This indicates
that in arid and semi-arid regions such as Iran, in the
middle and final stages of plant growth, moisture and
rainfall are limiting factors for growth. In areas such
as the Persian Gulf and the Caspian Sea, where low
humidity has not been a limiting factor, the end of the
growing season and the length of the growing season

have also increased. Based on the results, the
phenological components such as seasonal amplitude,
maximum value, base value, value for the start of the
season, rate of increase at the beginning of the season
and rate of decrease at the end of the season have
increased in Alborz and Zagros heights. This
component is generally reduced to areas with altitudes
below 1500. It seems that in arid and semi-arid
regions, the high temperature can also increase the
evapotranspiration of the plant, which causes a lack of
moisture in the soil. Therefore, at the area with high
altitudes that temperature is a controlling factor at the
beginning of the growing season, the increasing
temperature in present time series has led to increased
plant growth and ecosystem production capacity, and
phenological parameters such as growing season
range, maximum growth rate, base value and the value
at the starting point of growth have increased.
However, in lowland areas, as well as at the end of the
plant growth period in high altitudes, the increasing
temperature has led to increased evapotranspiration
and reduced the seasonal amplitude, maximum value,
basal value and value for the start of the season.

Conclusion Changes in phenological parameters such
as the beginning of the season, the time for the end of
the season and the length of the season can have a
negative impact on the agricultural products and
environmental systems. The recent earlier beginning
of the growing season compared to the last 35 years
can be a significant threat to the agricultural and
horticultural products, because cold and frost are the
most important climatic parameters in the field of
agricultural climate. As a result, it reduces the
possibility of producing many agricultural and
horticultural products in vulnerable areas. In general,
the results of the present study show a series of
interconnected events caused by climate change and
increase in temperature in various components of
phenology in the Alborz and Zagros highlands, as well
as in lowland and plain areas, especially in the Persian
Gulf and the Caspian Sea.
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