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1.  INTRODUCTION

Global climate variability and change caused by
natural processes and human activities are major and
important issues that are affecting the world at the
beginning of the 21st century. A warming trend has
been well documented at most locations around the
world during the last several decades, and this trend
is projected to accelerate in the future (Tao et al.
2006). The IPCC 4th assessment report stated that
the global average surface temperature has increased
by 0.74 ± 0.18°C in the last century and is projected

to increase by another 1.1 to 6.4°C in this century
(IPCC 2007). Any change in climate will have impli-
cations for climate-sensitive systems such as agri -
culture (Reidsma et al. 2010, Sissoko et al. 2010),
forestry (Lindner et al. 2010), and other natural re -
sources (Southworth et al. 2000), and therefore the
world’s food supply (Barnet 2010).

The increasing variation and change in mean tem-
perature and precipitation are expected to dominate
future changes in climate, which will subsequently
affect crop productivity (Bannayan et al. 2010). Vari-
ous studies dealing with the effects of climatic vari-
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ability have pointed to the conclusion that increased
annual variability of weather, as expected due to
global warming, causes increased variation of yields
(Porter & Semenov 2005, Laux et al. 2010, Bannayan
et al. 2011). Developing countries are more vulner -
able to climate change than developed countries
because of the predominance of agriculture in their
economies, the scarcity of capital for adaptation mea-
sures, and their heightened exposure to extreme
events (Parry et al. 2001).

There is a need to identify vulnerable district or
agroclimatic regions to climate change and identify
suitable adaptation practices that can, to some ex tent,
sustain the productivity of these regions. Several stud-
ies have focused on the detection of pos sible climate
change in Iran, especially in Khorasan Province.
Kousari & Asadi Zarch (2010) used the Mann-Kendall
test to investigate trends in minimum, maximum, and
mean temperature; relative humidity; and annual pre-
cipitation over the last 55 yr from 13 synoptic weather
stations in Iran’s arid and semi-arid regions. They
found significant increasing trends for minimum and
mean temperatures and a decreasing trend for mean
relative humidity in the arid and semi-arid regions,
especially during the last few years up to the year
2000. Ghorbani & Soltani (2003) investigated possible
climate change during the 40 yr period 1991−2000 in
the Gorgan region, located in north-central Iran. They
used simple linear regression to determine the rates of
change in temperature and precipitation, and showed
that, while annual mean maximum and minimum
temperatures had not increased, the number of days
with a maximum temperature greater than 35°C had
decreased by 0.05 d mo−1 yr−1 (p = 0.01) for May and
0.13 d mo−1 yr−1 for June. They concluded that there
was no significant warming as a result of global envi-
ronment change, but precipitation had significantly
declined during past 40 yr. Ebrahimi et al. (2006) in-
vestigated recent possible climate change by compar-
ing temperatures between a recent and a prior 25 yr
period in the Mashhad plain, located in central Kho-
rasan. The Mann-Kendall and Lettenmaier methods
were used to study the process of temperature change.
They showed that there is an increasing trend in mini-
mum and maximum temperatures. Ghahraman (2006)
used a Student’s t-test to detect trends in mean an-
nual temperature at 34 synoptic stations in Iran with
records spanning the 31 yr period 1968−1998. They
found that 65% of the series showed a positive trend,
32% exhibited a negative trend, and some stations
did not show any significant trend.

In the present study, an iterative χ2 method (Caprio
et al. 2009) was used to detect recent possible climate

change in extremes of daily minimum and maximum
temperature at 5 regions between a re cent 15 yr
(1991−2005) and a prior 30 yr period (1961−1990).
Five regions located in the Khorasan Province of Iran
(Boujnord, Sabzevar, Mashhad,  Torbat Heydarieh,
and Birjand) were chosen due to their importance to
regional agricultural production and the availability
of weather data. The employed method determines
which values of the extreme daily weather elements
are significantly different between the prior years
and the recent years, and gives a measure of the
weekly significance of that difference. The proce-
dure is also used to determine the average percent-
age or fraction of each day within each week of the
year that is attributable to possible climate change
due to extreme low daily minimum or extreme high
daily maximum temperatures.

2.  METHODOLOGY

2.1.  Study site

The study area covers the northeast of Iran, which
includes the Boujnord, Sabzevar, Mashhad, Torbat
Heydarieh, and Birjand regions that are all located in
Khorasan Province, Iran (Fig. 1). Physiographic de -
tails of each location are presented in Table 1. In this
region, air temperature increases from northwest
towards southeast. Low-temperature air originates
from Siberia, which reduces the temperature starting
from autumn until early spring. High-temperature air
originates from the northeastern Arabian Sea.
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Fig. 1. Geographical study area and locations of the re-
gions (A) Boujnord, (B) Sabzevar, (C) Mashhad, (D) Torbat 

Heydarieh, (E) Birjand
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2.2.  Weather data

Daily weather data from 1961 to 2005 for 4 different
regions (Birjand, Sabzevar, Mashhad, and Torbat
Heydarieh) and from 1977 to 2006 for the 5th region
(Boujnord) were obtained from meteorological sta-
tions at each region (Table 1). These stations were
 selected due to availability of long historical climate
records. Weather data included daily minimum and
maximum temperatures. The locations of the weather
stations in each region remained constant during the
above periods (Rahimzadeh & Asgari 2004), and the
data for each station passed homogeneity tests.

2.3.  Analysis approach

The iterative χ2 method (Caprio et al. 2009) was
used to detect possible recent climate changes in
Sabzevar, Mashhad, Torbat Heydarieh, and Birjand
between a recent 15 yr and a prior 30 yr period, and,
in Boujnord, between a recent 10 yr and a prior 20 yr
period. This classification of historical years is based
on a few local studies that have mentioned the
increasing trend of daily and monthly temperature in
previous decades (Ebrahimi et al. 2006, Ghahraman
2006, Kousari & Asadi Zarch 2010).

The iterative χ2 method was first developed by
Caprio (1966), who examined correlations between
daily weather records and annual crop yields. It has
also been used to identify the critical period when
weather impacts small grain and rangeland produc-
tion in Montana (Caprio & Williams 1973) and to
determine the association of daily weather occur-
rences with apple production in British Columbia
(Caprio & Quamme 1999), horticultural crops in
Ontario (McKeown et al. 2006) and canola in Sas -
katchewan, Canada (Kutcher et al. 2010). This tech-
nique has been subsequently used to identify per-
centage change in daily extremes of minimum
temperature at 2 sites in northwestern North Amer-
ica (Caprio et al. 2009).

The analysis herein determines the possible cli-
matic change from the early period to the recent
period for both extreme minimum and extreme max-
imum temperatures. Initially daily minimum and
maximum temperatures were sorted from low to high
values for both periods. Temperatures were broken
down into contiguous classes of 5°C across the
 temperature ranges for all years in all regions. The χ2

test was applied to each 3 wk period and a χ2 value
generated for each class that reported high-to-low
scan for maximum temperature and low-to-high scan
for minimum temperature. The χ2 test determines the
significant difference in the frequency of days
between classes and across recent and prior years.
The temperature at which χ2 reaches its maximum
point is referred to as cardinal temperature (CT). This
temperature is significant at the 1% level for χ2 = 7
(df = 1). The larger the χ2 value, the greater the prob-
ability that there is a real climate difference between
the number of extreme days in both prior and recent
years. If the recent years had excess or fewer days
than expected, the χ2 is reported positive or negative,
respectively. Excess days means that recent years
have more days meeting a cardinal value than prior
years and vice versa.

In order to determine average daily percentage po-
tential climate change, we calculated the difference
in the number of extreme days in the 15 yr recent pe-
riod with one half of the numbers of extreme days in
the 30 yr prior period for each overlapping 3 wk pe-
riod. Dividing the value obtained by the number of
years (15) gives the difference in the number of ex-
treme days per year. Dividing that value by the num-
ber of weeks (3) yields the difference in the number
of extreme days per week. Three-week  running av-
erages of these weekly values were calculated. We
then divided these weekly values of the difference in
the number of extreme days per week by 7 (number
of days per week), giving the average number (in
fractions of a day) of extreme occurrences per day,
and multiplied by 100 (Caprio et al. 2009). These
daily values were plotted weekly and referred to as

Region Lat Long Elev Average temperature (°C) Total precipitation Climate record
(m) Min. Max. (mm)

Birjand 32° 52’ N 59° 12’ E 1491 8.2 24.3 165.4 1961−2005
Boujnord 37° 28’ N 57° 19’ E 1091 6.9 19.6 265 1977−2006
Mashhad 36° 16’ N 59° 38’ E 999 8.3 21.6 256.5 1961−2005
Sabzevar 36° 12’ N 57° 43’ E 977 11.8 24.7 197.8 1961−2005
Torbat Heydarieh 35° 16’ N 59° 13’ E 1450 7.5 20.4 276.6 1961−2005

Table 1. Latitude (Lat), longitude (Long), elevation (Elev), and annual average of weather variables for the study sites in 
Khorasan, Iran
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the percentage change in the occurrence of extreme
daily weather conditions during the recent year due
to possible climate change. According to this method,
7% was considered as the level for one-half day per
week climate change (warming or cooling) and 14%
as the level for one day per week climate change
(warming or cooling). Further de tails on iterative χ2

analysis can be found in Caprio et al. (2003, 2009)
and Caprio & Quamme (1999, 2002, 2006).

3.  RESULTS

3.1.  Number of days of extreme low minimum
 temperature

The results for significant periods of extreme low
minimum temperatures at all regions are reported in
Table 2 and shown in Fig. 2. Different significant
periods were reported in various regions (all dates
reported as mm/dd). In Birjand there was one period
during Weeks 35−38 (08/27−09/23) that had a deficit
of days of extreme minimum temperature, and one
period during Weeks 1−3 (01/01−01/21) that had an
excess of days of extreme minimum temperature in
recent years compared to prior years. During Weeks
35−38, the maximum χ2 was 11, with a CT of ≤5°C
that occurred during Week 37 (09/10−09/16). The
percentage of change during this week was a
decrease of 6%. Generally, in Birjand, the warming
occurred from the end of August to mid September,
as indicated by the fewer number of days of extreme
low minimum  temperatures.

In Boujnord, there were 2 periods in which there
was a significant deficit of occurrence of extreme low
minimum temperatures: Weeks 35−36 (08/20−09/02)
and Weeks 39−43 (09/24−10/28) (Table 2). The maxi-

mum χ2 of 18 occurred during Week 41 (10/08−10/14)
with a CT of ≤10°C. The percentage change during
this week was a decrease of 16%. For extreme low
minimum temperature, there were 5 weeks that had
at least 0.5 wk of warming and 9 weeks that had one
whole week of warming. In this region the highest
warming occurred from the end of September to
October (Boujnord; Fig. 2c).

In Mashhad, there were deficit days of extreme
minimum temperatures during all months except
March and early April in recent years compared to
prior years (Mashhad; Fig. 2e). Two statistically sig-
nificant periods were detected during Weeks 1−8
and Weeks 17−52 (Table 2).

Fig. 2c (Mashhad) shows that the maximum χ2 of
76 occurred during Week 34 (08/20−08/26) with CT
of ≤15°C. The highest percentage change in climate
oc curred during this week (08/20−08/26), when a
41% decrease of extreme minimum temperatures
was detected. For extreme minimum temperature
there were 15 wk that had at least one whole week of
warming. Based on the sums of all 52 wk of extreme
days, it was determined that the recent years aver-
aged 44% fewer days of extreme low temperatures
than the prior years. Generally, the highest warming
occurred from May to November (Mashhad; Fig. 2c).

In Sabzevar, the deficit of occurrence of extreme
low minimum temperatures was statistically signifi-
cant during 2 periods (Table 2). The maximum χ2 of
42 occurred during Week 3 (01/15−1/21) with CT of
≤−5°C. The percentage change during this week was
a de crease of 19%. The highest percentage change
in climate was during Week 34 (08/20−08/26), when
a 26% de crease in the number of days of extreme low
minimum temperatures was detected. There were not
a significant excess number of days of extreme low
minimum temperatures (Sabzevar; Fig. 2g).
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Region Week Dates Max. Daily average Dates of Daily average Cardinal temp. 
number (mm/dd) weekly χ2 period change max. χ2 change of max. of max. χ2

(%) week(s) χ2 week(s) (%) week(s) (°C)

Birjand 1−3 01/01−01/21 20 +4 01/01−01/07 +5 ≤−10
35−38 08/27−09/23 11 −4 09/10−09/16 −6 ≤5

Boujnord 34−35 08/20−09/02 7 −7 08/27−09/02 −7 ≤10
39−43 09/24−10/28 18 −14 10/08−10/14 −16 ≤10

Mashhad 1−8 01/01−02/25 38 −16 01/08−01/14 −24 ≤−5
17−52 04/23−12/30 76 −21 08/20−08/26 −41 ≤15

Sabzevar 1−9 01/01−03/04 42 −13 01/15−01/21 −19 ≤−5
26−52 06/25−12/30 35 −15 07/30−08/05 −26 ≤20

Torbat Heydarieh 1−2 01/01−01/14 10 −4 01/01−01/07 −4 ≤−15
50−52 12/10−12/30 11 −4 12/17−12/23 −5 ≤−10

Table 2. Significant periods in the number of days of low minimum temperatures at all regions (low to high scan)
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Two significant periods (01/01−03/04 and 06/25−
12/30) were found in which extreme daily minimum
temperatures occurrence was less frequent during
the recent period compared to the prior period by
34 and 52%, respectively. Based on the sums of all
52 wk of extreme days, we determined that the
recent years averaged 57% fewer days of extreme

low temperatures than the prior years. In this region,
the highest warming occurred from January to
 February and July to December, as indicated by the
fewer number of days of extreme low minimum
 temperatures (Sabzevar; Fig. 2g).

In Torbat Heydarieh, 2 statistically significant peri-
ods were detected during Weeks 1−2 and Weeks
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50−52 (Table 2). The maximum χ2 of 11 occurred dur-
ing Week 51 (12/17−12/23) with CT of ≤−10°C. The
percentage change during this week was a decrease
of 5%. In Torbat Heydarieh, the greatest warming
occurred in early of January and December, as indi-
cated by the fewer number of days of extreme low
minimum temperatures (Torbat Heydarieh; Fig. 2i).
Generally, the major changes in climate were similar
in Mashhad and Sabzevar, with greatest warming
occurring throughout the whole year except spring.

3.2.  Number of days of extreme high maximum
 temperatures

The results of the comparison between the number
of days with extreme high maximum temperatures in
prior and recent periods are shown in Table 3 and
Fig. 2. In Birjand, there were 3 significant periods
with fewer occurrences of extreme high maximum
temperatures, which occurred during Weeks 2−4
(01/08− 01/28), Weeks 6−10 (02/05−03/11), and Weeks
40−41 (10/01−10/14). The maximum χ2 of 16 occurred
during Week 8 (02/19−02/25) with a CT of ≥25°C.
The greatest percentage change in climate occurred
during Week 9 (02/26−03/04) and Week 30 (07/23−
07/29) when a 14% decrease of extreme high maxi-
mum temperatures was detected. There were no sig-
nificant periods with more occurrences of ex treme
high maximum temperatures (Birjand; Fig. 2a).

In Birjand, the greatest cooling occurred in mid
January, February, and early October, measured by

the fewer number of days of extreme high maximum
temperatures (Birjand; Fig. 2a). In Boujnord, there
were 2 statistically significant periods that showed
more days of extreme high maximum temperatures
and 2 statistically significant periods that showed
fewer days of extreme high maximum temperatures
in recent years compared to prior years; these were
detected during Weeks 6−10 (02/05−03/11), Weeks
40−41 (10/01−10/14), Weeks 27−29 (07/02−07/22),
and Weeks 47−48 (11/19−12/02), respectively. The
maximum χ2 of 16 occurred during Week 8 (02/19−
02/25), with a CT of ≥25°C. The greatest % change in
climate occurred during Week 6 (02/05−02/11), when
a 16% increase of extreme high maximum tempera-
tures was detected.

In Boujnord, the greatest warming occurred be -
tween February and early March as indicated by the
higher number of days of extreme high maximum
temperatures, and the greatest cooling occurred
between July and late November, as indicated by the
lower number of days of extreme high maximum
temperatures (Boujnord; Fig. 2c).

In Mashhad, 2 significant periods were detected:
during Weeks 31−35 (07/30−09/02) and Weeks 51−52
(12/17−12/30), which showed a higher number of
days of extreme high maximum temperatures, and
one significant period was detected that showed a
lower number of days of extreme high maximum
temperatures: Weeks 47−48 (11/19−12/02).

The maximum χ2 of 14 occurred during Week 34
(08/20−08/26), with a CT of ≥40°C. The greatest per-
centage change in climate occurred during Week 47
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Region Week Dates Max. Daily average Dates of Daily average Cardinal temp.
number (mm/dd) weekly χ2 period change max. χ2 change of max. of max. χ2

(%) week(s) χ2 week(s) (%) week(s) (°C)

Birjand 2−4 01/08−01/28 10 −3 01/15−1/21 −4 ≥25
6−10 02/05−03/11 16 −11 02/19−02/25 −14 ≥25
40−41 10/01−10/14 8 −7 10/08−10/14 −7 ≥35

Boujnord 6−10 02/05−03/11 16 +11 02/19−02/25 +16 ≥25
27−29 07/02−07/22 8 −10 07/09−07/15 −11 ≥40
40−41 10/01−10/14 9 +12 10/08−10/14 +13 ≥30
47−48 11/19−12/02 7 −10 11/19−12/02 −11 ≥20

Mashhad 31−35 7/30−09/02 14 +7 08/20−08/26 +10 ≥40
47−48 11/19−12/02 8 −11 11/19−11/25 −12 ≥20
51−52 12/17−12/30 12 +6 12/25−12/30 +7 ≥20

Sabzevar 3−4 01/15−01/28 7 +16 01/15−01/28 +16 ≥10
47−48 11/19−12/02 8 −12 11/19−11/25 −12 ≥20
50−52 12/10−12/30 17 +7 12/25−12/30 +9 ≥20

Torbat Heydarieh 2−12 01/08−03/25 14 −7 03/05 − 03/11 −13 ≥20
14−49 04/02−12/09 48 −17 06/11−06/17 −26 ≥40

Table 3. Significant periods in the number of days of high maximum temperatures at all regions (high to low scan)
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(11/19−11/25), when a 12% decrease of extreme high
minimum temperatures was detected. The longest
period of significant warming in Mashhad in terms of
the increase in the number of days of extreme high
maximum temperatures occurred in August.

In Sabzevar, the excess of any occurrence of ex -
treme high maximum temperatures was statistically
significant during 2 short periods: Weeks 3−4 (01/15−
01/28) and Weeks 50−52 (12/10−12/30) (Table 3).
There was one significant period with fewer numbers
of occurrences of extreme high maximum tempera-
tures, which occurred during Weeks 47−48 (11/19−
12/2).

The maximum χ2 of 17 occurred during Week 52
(12/24−12/30), with a CT of ≥20°C. The greatest per-
centage change in climate occurred during Week 3,
when a 16% increase of extreme maximum tempera-
tures was detected. For extreme high minimum tem-
perature there were 11 weeks that showed at least
0.5 wk of warming, 3 weeks that showed 1 whole
week of climate warming, and there were 3 weeks
that showed at least 0.5 wk of climate cooling.

The greatest warming in Sabzevar, in terms of the
increase in the number of days of extreme high max-
imum temperatures, mostly occurred during January
and late December.

In Torbat Heydarieh, there were fewer days of
extreme high maximum temperatures in recent years
compared to prior years, and these days were statis-
tically significant during all months except late
March and late December (Table 3). There were 2
statistically significant periods that had fewer days of
extreme high maximum temperatures. These days
were detected during Weeks 2−12 (01/08−03/25) and
14−49 (04/02−12/09). The maximum χ2 of 48 was
obtained during Week 24 (06/11−06/17), with a CT of
≥40°C. The percentage change during this week was
a decrease of 25% (Torbat Heydarieh; Fig. 2j).

The occurrence of extreme high minimum tem -
peratures during 2 significant periods (01/08−03/25,
04/02−12/09) was less frequent on average during
the recent period compared to the prior period by
49 and 50%, respectively. Based on the sums of
all 52 wk of extreme days, we determined that the
recent years averaged 49% fewer extreme high daily
maximum temperatures than the prior years. There
were no significant periods with more occurrences of
extreme high maximum temperatures. In Torbat
Heydarieh, the greatest cooling occurred from Janu-
ary to late March and April to early December, as
indicated by the lower number of days of extreme
high maximum temperatures (Torbat Heydarieh;
Fig. 2i).

4.  DISCUSSION AND CONCLUSIONS

Climate change is considered one of the main envi-
ronmental concerns of the present age. Increased
variation and changes in mean temperature and pre-
cipitation are expected to dominate future changes in
climate and to affect crop productivity. In the present
study, an iterative χ2 method was used to detect
changes in extreme daily minimum and maximum
temperatures in 5 different regions of Iran between a
15 yr recent and 30 yr (prior) period. The results of
this study showed that the number of days with
extreme minimum temperatures during the recent
period were less frequent compared to the prior
period in all 5 regions, especially in Mashhad and
Sabzevar. Mashahd and Sabzevar in recent years
averaged 44 and 57% fewer days of extreme low
temperatures than in prior years. In both these
regions, warming has occurred during most of the
year except in spring. These results agree with the
increase in minimum temperatures observed by dif-
ferent studies in Iran. Ebrahimi et al. (2006) found
that there was an increasing trend in minimum tem-
perature over a 25 yr recent compared to a 25 yr prior
period in Mashhad, especially in summer. Decreas-
ing trends in extreme temperature indices such as FD
(number of days with a minimum temperature <0°C)
and ID (number of days with a maximum tempera-
ture <0°C) were reported in Tehran, Iran (Moham-
madi & Taghavi 2005). Possible causes of recent
warming were discussed in Kousari et al. (2010); their
experiments were carried out by using the Kendall τ
test and reported an upward trend in minimum air
temperature during all months for 26 synoptic sta-
tions during a 55 yr period in central and eastern
Iran. Kousari et al. (2010) concluded that increasing
trend of minimum temperature could be the result of
increases in the amount of greenhouse gases and the
reflection of received thermal energies from land
during the night.

The number of days with extreme maximum tem-
peratures increased during 2 short periods in Bou-
jnord, Mashahd, and Sabzevar, and decreased dur-
ing recent years compared to prior years in Birjand
and Torbat Heydarieh. The period from late May to
June is the peak cooling period in Torbat Heydarieh.
Kousari & Asadi Zarch (2010) showed a negative
trend of maximum temperature in Birjand and Torbat
Heydarieh and was significant in Torbat Heydarieh.
Torbat Heydarieh and Birjand are located at higher
altitudes than the other regions studied here. As
noted by Caprio et al. (2009), the levels of signifi-
cance obtained from the iterative χ2 method may not
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be reliable due to the multiple testing  problem. Thus
the iterative χ2 analysis described is of an exploratory
nature, and further research is needed to obtain more
precise estimates of statistical  significance.
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