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Figure 1- Location map and distribution of studied stations
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1- Start of the Growing Season
2- End of the Growing Season
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Table 1- Statistical characteristics of the first 30 years (1959-1988) based on temperature thresholds of zero, five and 10

degrees Celsius in selected stations

i SM s)C i SM s)C i SM s)C
Variable ®) ®) Variable ®) ) Variable ) ®)
Ll 10 Lol VA RIEMALY et YA 98 VF Lﬁ;gtf
Eso 5Mar 8Mar Ess 9Mar 16Feb Eswo 4Jun (Bandar
Yazd Gorgan Bam Abadan Bam
Abbas)
98 T Adul VY s ¥ 59,8 VY o ¥ Cadged) YF
Lso égﬁjfgrr] 12Mar Lss 24May 12Apr Lsio 193un 14May
Shahrekord (Rasht) (Zanjan) (Rasht) (Zanjan) (Rasht)
N 5y Rt 5V
oo Ve Sy ZoAN o? %A oo V8
Eeo 210ct 7Dec Ees 20Sep 6Nov Eewo 28Aug 70ct
(Sharekord) (Rasht) (Shahrekord (Rasht, (Shahrekord (Rasht)
,Kerman) Ramsar) ,Zanjan)
AN JEUARN Nls AN oLy ;E')\V
Leo 1Dec 9Dec Les 26Nov 4Dec Lewo 2Nov (Banijcar
(Tehran) (Tehran) (Bam) (Abadan) (Bam)
Abbas)
S 186 323 S 120 208 S 70 146
Sco (Shahrekord) (Bam) G5 (Shahrekord)  (Rasht) SG10 (Zanjan) (Rasht)
365
364 310
276 (Bushehr 261 212
Lsco Lscs (Bandar Lscio (Bandar
(Rasht) ,Egggg)r (Bam) Abbas) (Bam) Abbas)
Asco 229 331 Ascs 171 270 Ascio 116 207
m 4.38 6.9 m 5.07 441 m 6.77 4.15
cvo (Esfahan) (Rasht) cvs (Bam) (Abadan) cvio (Bam) (Abadan)
M . 4.85 M 14.94 8.33 M 23.31 16.27
cvo (Khorramabad) ~ (Gorgan) cve (Sanandaj) (Rasht) cvio (Khorramabad) (Rasht)
3575 5139 2012 3348 938 1915
Moo (Zanjan) (Rasht) Mos (Zanjan) (Rasht) Mo10 (Zanjan) (Rasht)
M 6096 6086 " 5718 6776 v 4004 (é’aefgar
po (Yazd) (Gorgan) DS (Bam) (Abadan) p1o (Bam) Abbas)
m 4303 5752 m 2874 3976 m 1731 2412
o (Zanjan) (Rasht) i (Zanjan) (Ramsar) 10 (Zanjan) (Ramsar)
9865 8039 6212
Mo 4264 (Bandar Mrs 6467 (Bandar Mo ar2a (Bandar
(Bam) Abbas) (Bam) Abbas) (Bam) Abbas)
Tso 21% 0% Tss 26% 0% Ts10 47% 25%
Tvo 47% 25% Tvys 53% 25% Tvio 53% 25%
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Elevated areas (station name) and coastal areas (station name): (S)M and (S)C, respectively, the earliest and latest average of the start
date of zero, five and 10 °C, respectively: the earliest (Eso, Ess and Es1o) and The latest (Lso, Lss and Lsio), the earliest and the latest
average of the zero, five and 10 °C event termination dates: the strongest (Eeo, Ees and Eeio) and the latest (Leo, Les and Leio), the
shortest, longest and average season length, respectively. Growth by day based on thresholds of zero, five and 10 °C, respectively:
shortest (Ssco, Sses and Ssc10), highest (Lsco, Lses and Lsc10) and average (Asco, Ases and Ascio), lowest and highest coefficient of
variation per Percentage during the growing season based on thresholds of zero, five and 10 °C, respectively: lowest (mcvo, Mcvs and
mcvio) and highest (Mcvo, Mcvs and Mcvio), lowest and highest average of heating units of the growing season in terms of degree-
day based Zero, five and 10 °C thresholds, respectively: lowest (mpo, mps and mbaio) and highest (Moo, Mps and Mba1o), lowest and
highest average of crop year heat units in terms of degree-day based on zero, five and five thresholds: 10 °C, respectively: lowest
(mTo, mts and mr10) and highest (Mo, Mts and MT10), percentage of stations with a significant trend during the growing season based
on thresholds of zero, five and 10 °C (Tso, Tss and Tsio), percentage Stations with a significant trend Total degree of growth days of

the crop year based on thresholds of zero, five and 10 degrees Celsius (Tvo, Tys and Tvyio), * significant at 95 or 99% confidence
level.



Voo LT — jo0 oF ojlods FO l> (S gl w5 P ¥

CLolus! 3 31,5 il an yd Vo g iy o lbod L ailiwl glao 32 (YFAV-IYEA) 090 dllus Yo 2,95 (g5lof (s S5u9 —F Jgun

S0

Table 2- Statistical characteristics of the second 30-year period (1989-2018) based on temperature thresholds of zero, five and

10 degrees Celsius in selected stations

)".."‘L”w

)".."‘L”w

’-“U‘h“w
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R VY »ha 9250 V5 oblye 392585 O e YV
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Lsco (ggg) Abbas Lscs égg) (Bandar Lscio ég’n?) (Bandar
,Bushehr) Abbas) Abbas)
Asco 239 342 Ascs 183 281 Asc10 127 223
4,94
4.97 6.41 5.19 4.95 6.8
Mcvo (Arak) (Gorgan) Mcvs (Tehran) (Abadan) Mcvio (Esfahan) (Eggg:l)r
. 6.91 18.23 7.47 20.78 9.74
Mcvo 11.40 (zanjan) (Rasht) Mcvs (Zanjan) (Ramsar) Mcvio (Zanjan) (Ramsar)
3233 5619 1767 3736 880 2365
Moo (Sharekord) (Rasht) Mbs (Sharekord) (Rasht) Mb10 (Sharekord) (Rasht)
6783 5959 6384 7372 4578 5761
Moo (Zanjan) (Rasht) Mos (Bam) (Abadan) Mb1o (Bam) (Ramsar)
4321 6089 2812 4297 1631 2687
mro (Sharekord) (Rasht) mrs (Sharekord) (Rasht) mT10 (Sharekord)  (Ramsar)
9903 8077 6251
Mro ?;fg (Bandar Mrs ?B%?nl) (Bandar Mrio E’Bla?ns) (Bandar
Abbas) Abbas) Abbas)
Tso 37% 13% Tss 42% 0% Ts1o0 47% 25%
Tvo 89% 100% Tvs 89% 100% Tvio 89% 100%
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Elevated areas (station name) and coastal areas (station name): (S)M and (S)C, respectively, the earliest and latest average of the
start date of zero, five and 10 °C, respectively: the earliest (Eso, Ess and Esio) and The latest (Lso, Lss and Lsao), the earliest and the
latest average of the zero, five and 10 °C event termination dates: the strongest (Eeo, Ees and Ee1o) and the latest (Leo, Les and Leio),
the shortest, longest and average season length, respectively. Growth by day based on thresholds of zero, five and 10 °C,
respectively: shortest (Ssco, Sses and Ssc1o), highest (Lsco, Lsss and Lscio0) and average (Asco, Ascs and Ascio), lowest and highest
coefficient of variation per Percentage during the growing season based on thresholds of zero, five and 10 °C, respectively: lowest
(mcwvo, mevs and mevio) and highest (Mcvo, Mcvs and Mcvio), lowest and highest average of heating units of the growing season in
terms of degree-day based Zero, five and 10 °C thresholds, respectively: lowest (mpo, mps and mp1o) and highest (Mpo, Mps and
Mb1o), lowest and highest average of crop year heat units in terms of degree-day based on zero, five and five thresholds: 10 °C,
respectively: lowest (mro, mts and mt10) and highest (Mo, MT5 and Mr10), percentage of stations with a significant trend during the
growing season based on thresholds of zero, five and 10 °C (Tso, Tss and Tsio), percentage Stations with a significant trend Total
degree of growth days of the crop year based on thresholds of zero, five and 10 degrees Celsius (Tvo, Tys and Tvio), * significant at
95 or 99% confidence level.
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Figure 2- Zoning map of heating units of the growing season based on the threshold of 10 °C, (a) during the first 30-year
period (1959-1988), (b) during the second 30-year period (1989-2018) in selected stations
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Table 3- Number of stations with a definite trend (positive, negative and zero) of the growth season length index in the first
30-year period (1959-1988) and the second 30-year period (1989-2018) in selected stations
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The numbers in parentheses are the number of stations in each climate.
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Figure 3- Deviation from the average of the growing season length based on temperature thresholds of zero, five

and 10 degrees Celsius in (a) elevated stations; (b) coastal stations studied during the statistical period of 60 years
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Figure 4- Changes in the trend of total heat units of crop years based on thresholds of zero, five and 10 degrees Celsius (a)
The first 30-year statistical period (1958-1987); (b) The second 30-year statistical period (1989-1397)
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Introduction: It is possible to guide the agricultural experts to achieve a suitable genotype and adapt to

climatic conditions in proportion to the length of the modified growing season by identifying the impact of
climate change in recent years on the cumulative rate of degree-days of plant growth. This will prevent the waste
of capital and agricultural inputs and ultimately prevent the reduction of the final crop due to the mismatch of
genotype-crop with the current climate. In the present study, an attempt has been made to study and compare the
trend in the start and end of the growing season, the growing season length (GSL), and growing degree-
days(GDD) during 1959-2018 in the elevated and coastal areas of Iran.

Materials and Methods: For this study, the daily temperature of 27 synoptic stations were used including 19
stations in elevated areas and 8 stations in coastal areas during 1959-2018. The first day with a minimum daily
temperature equal to or greater than 0, 5, and 10 °C was considered as the start of the growing season (SGS).
Moreover, the first day after the start of the growing season which has a minimum daily temperature of less than
0, 5, and 10 °C was considered as the end of the growing season (EGS). Trend analysis was performed in time
series of GSL and GDD based on thresholds of 0, 5, and 10 °C using the Mann-Kendall test. To compare the
results, the statistical period of 60 years was divided into two periods of 30 years (1959-1988 and 1989-2018). In
both periods, the statistical characteristics of the GSL and GDD based on the three thresholds mentioned in
coastal and elevated areas were surveyed and compared. In this study, deviation from the mean was used to
complete the study of changes in the GSL. This index shows the scatter of data around the mean.

Results and Discussion: The GSL extension came from both the advance in SGS and the delay in EGS.
Comparison results of the two 30-year periods (1959-1988 and 1989-2018) showed that during 1989-2018, in
most stations the GSL has increased. During this period, based on 0 °C, the earliest and latest SGS were on
February 24 and April 30 in Yazd and Shahrekord, respectively. Accordingly, the earliest and latest EGS were
on October 15 and December 11 in Shahrekord and Gorgan, respectively. Based on 5 °C, the earliest and latest
SGS were on February 10 and June 2 in Abadan and Gorgan, respectively. Accordingly, the earliest and latest
EGS on September 17 and December 6 were at Shahrekord, Bam, and Abadan, respectively. Based on 10 °C, the
earliest and latest SGS was on February 11 and June 20 at stations, respectively. Accordingly, the earliest and
latest EGS were on August 27 and December 8 in Shahrekord and Bushehr, respectively. The shortest and
longest GSLs based on all three thresholds of 0, 5, and 10 °C were Shahrekord and Bandar Abbas, respectively.
The highest and lowest coefficient of variation of GSL were 20.8% in Zanjan and 4.9% in Bandar Abbas,
respectively. Based on 0, 5, and 10 °C, the lowest GDDs in GSL are 3233, 1767, and 880 °C.d, respectively, and
all of them were obtained at Shahrekord. On the other hand, the highest GDDo, GDDs, and GDD1g in GSL were
6783, 7372, and 5761 °C.d, respectively, in Yazd, Abadan, and Bandar Abbas. The most significant trend in
GSL was in Zanjan, Zahedan, and Khorramabad.

Conclusion: Examination of changes in the GSL indicates the existence of a significant trend in a limited
number of stations. Also, with increasing the threshold from O to 5 and from 5 to 10 °C, there is a significant
decreasing trend in more stations. At the threshold of 10 °C a significant and decreasing trend of GSL was
observed in Urmia, Sanandaj, Khorramabad, Birjand, and Bandar Abbas stations, In following, a significant
increasing trend was observed in Tabriz, Tehran, Kermanshah, Isfahan, Yazd, and Bushehr stations. The results
of the studies showed fewer changes in the time series of the GSL based on thresholds of 0 and 5 °C in the
statistical period of 1989-2018. On the other hand, the results showed that the GSL trend is significant in more
stations in the recent period based on the threshold of 10 °C. Deviation from the average GSL in coastal areas
was greater than the elevated areas so that the GSL based on 10 °C in both areas increased with greater slope and
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continuity. This increasing trend of deviation from the average in the coastal areas from the early '70s and the
elevated areas from the early '90s and continues until now. In this regard, Bandar Abbas station and then
Bushehr station had the longest GSL, and Shahrekord station had the shortest GSL among other stations which
has been studied. Comparison of GDDs of the GSL during 1989-2018 showed the decrease of GDDs from south
to north and from west to east of the country. Accordingly, in the southern stations of the country, the conditions
for tropical plants (threshold of 10 °C) have become more suitable than the cold stations of the west and
northwest, Time series analysis of the average annual GDDs based on the three thresholds during 1989-2018
showed a significant increasing (positive) trend in 93% of the stations. During the second 30-years period,
Shahrekord and Shiraz stations did not show a significant trend in all three mentioned thresholds. However, the
analysis of the annual average of GDDs during 1959-1988 showed the trend in 41% of the stations. According to
the results of this study, it can be concluded that in cold regions, due to the increase in GDDs, the supply of
cooling units for plants with certain cooling needs is more difficult. In the south of the country, as the total
required GDD is achieved earlier, the GSL gets shorter, and therefore less dry biomass will accumulate in the
product. This likely leads to a reduction in crop yields in this part of the country.
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