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

53 LB, b pspt ali 3 NDVI i b 2550 ox
S g D3l Ll 5 8 Sl b
Sl lelel oo ad; gl akd 5o )l s 4S5 sbe
el Bl Il i8S O e Jld g ehsa e STy
sladle as, Cjﬂ abdy js A5l add vl N4 Ji.\;
Llaa VA IS8 @ a5 b e QLA | addS 51 L
gble 53 Al &2a by 3 sl g5 sla bl ple
il oo 55w w815 s S Slelil s s oy

gars dal 255
2 A5y Jead OLL 5 g, dbed A3 S oS boles
PR s 53 Gy G JS o sl Sl g S el
0Ll 5 g Glp S Gl Sl e b Ad et
Sde ((/F0 Jlade) Ad as S kS s (gslew A, fab
Liy b OLL 5 g 4 gl NDVI el 25|
abis o gf‘)')| sz A «.}g‘;iﬁ‘ﬂtfj 5y dalg gl

5wl WA S a5 L sl Balo 55 A, 0L

AKE2



v Olpl AS i 5P sl Ol ks ) p

s el slacad 53 ok aa oS s

5l Sl )

e 4l il el ol e Ol

45“0:0"E S{I“ﬂ:ﬂ"F, 55“0:0"1? ﬁﬂ“ol'ﬂ"F. ﬁS“OI'ﬂ"I-'.

z
£ Value for the start

= of the season in

o . .

' present time series
Bl kel skl ya 250

Jl gl sle s 00

Dol S 5 ey Ghle 53 (gosba Ll s STy s

03 Sose 53 Sl o3 Slay fals s, @JJMNDVI

45”0:0"112 50°0"0"E 55’0:0"12 60°0'0"E  65°0'0"E

Value for the start
s of the season in
in past time series

0N

Ay paph R e A5

w2 G e

z =
EY =
B 0-0.1 g [ Jo-0a
[—]
= [ o.i-02 < M 0.1-02
i o2-03 -0
z z
£ |0.3-05 B 0.3-0.5
S HE ~ovi<od 7 [ ~ovi<o
"~
45°0'0"E  S0°0'0"E  55°0"E  60°0'0"E 45°0°0"E  S0°0'0"E  55°0°0"E  60°00"E
0 250 500 1,000 1,500 2,000 0 250 500 1,000 1,500 2,000
e d Kil s I | Kilometers

(Y A=Y YD)

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. 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. 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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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 AVH13C1, 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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season, Normalized difference vegetation index
(NDVI), Remote sensing
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