Hindawi Publishing Corporation
International Journal of Atmospheric Sciences
Volume 2016, Article ID 1603693, 7 pages
http://dx.doi.org/10.1155/2016/1603693
Publication Year 2016

Research Article

A Significant Population Signal in Iranian Temperature Records

Shouraseni Sen Roy,' Mohammad Sadegh Keikhosravi Kiany,” and Robert C. Balling’

' Department of Geography and Regional Studies, University of Miami, Coral Gables, FL, USA
2Faculty of Geographical Sciences and Planning, University of Isfahan, Isfahan, Iran
3School of Geographical Sciences and Urban Planning, Arizona State University, Tempe, AZ, USA

Correspondence should be addressed to Shouraseni Sen Roy; ssr@miami.edu

Received 28 March 2016; Accepted 11 August 2016

Academic Editor: Panagiotis Nastos

Copyright © 2016 Shouraseni Sen Roy et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.

We assembled daily maximum and minimum temperature records for 31 stations throughout Iran over the period 1961-2010. As
with many other areas of the world, we found that both the maximum and minimum temperatures were increasing overall with the
minimum temperatures increasing twice as fast as the maximum temperatures. We gathered population data for the stations near
the beginning and end of the temperature records and found in all seasons and for both the maximum and minimum temperatures
the magnitude of population growth positively influenced the temperature trends. However, unlike so many other studies, we found
the strongest population growth signal in the winter for the maximum temperatures. We found evidence that this winter-season
population-temperature signal is related snow cover. Our results illustrate that any number of processes are involved in explaining
trends in historical maximum and minimum temperature records.

1. Introduction

According to the latest report of the Intergovernmental Panel
on Climate Change (IPCC), it has been widely validated
that the lower troposphere has experienced warming over
the past 50 to 100 years, with substantial decadal and
interannual variability. Specifically, the average global linear
trends for combined land and ocean surface temperatures
have increased by 0.85 [0.65 to 1.06]°C between 1880 and
2012. In one of the first and most comprehensive studies at
the global scale focusing on the spatial patterns of maximum,
minimum, and diurnal temperature range (DTR), Vose et al.
[1] showed a declining trend in DTR. This declining trend
in DTR was attributed to the more rapid rate of increase
in minimum temperatures when compared to maximum
temperatures. This was further validated by a recent study by
Donat et al. [2] involving the analysis of HADEX?2 dataset,
who found significant decreasing trends in DTR in more
than half of the land areas; only 10% of the land area showed
significant increases in DTR since 1951.

Some of the physical processes attributed to the declining
rates in DTR include the effect of clouds, along with the

damping effect of precipitation and soil moisture, which can
cause a 25-50% decrease in DTR compared to clear sky days
[3]. Furthermore, the results of empirical analyses suggest the
intensification of the hydrologic cycle, such as the increase in
trends in frequency and intensity of tropical storms, floods,
and droughts. This has also resulted in the amplification of
the warming effect of water vapor in the atmosphere [4].
However, snow cover during winter season diminished the
influence of changes in solar radiation and soil moisture in the
mid latitudes [5]. Furthermore, a recent study by Revadekar
et al. [6] showed an increasing trend in DTR for high altitude
stations located in South Asia, while a decreasing trend was
observed in the low altitude stations. The increasing trends in
DTR in high altitude locations were mainly attributed to local
level processes.

In this context, one of the main driving forces for the
increasing trends in land surface temperatures is the function
of land use land cover change (LULCC) and urban heat island
(UHI) related processes. The role of urbanization, with more
than half of global population living in urban areas, has been
identified as one of the most important factors for higher
temperatures. It is important to take into consideration the
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effect of UHI which is greater for places that have undergone
recent urbanization compared to those places that have been
urban for an extended period of time. Thus the effect of UHI
on the long-term temperatures varies based on the location
and population history of an urban area.

While a large literature has evolved over the past century
showing that urbanization creates localized warming, espe-
cially at night, the extent to which this effect impacts long-
term trends in temperature at regional, hemispheric, or even
global scales is a matter of some debate. In their most recent
assessment, IPCC Working Group I scientists [7, page 37]
report in the technical summary that “it is unlikely that any
uncorrected urban heat island effects and land use change
effects have raised the estimated centennial globally averaged
land surface air temperature trends by more than 10% of the
reported trend. This is an average value; in some regions
that have rapidly developed urban heat island and land
use change impacts on regional trends may be substantially
larger.” Later in the report, they review the evidence that the
urban effect is generally much larger during the nighttime
and morning hours compared to warmer periods of the day
when maximum temperatures are recorded.

Indeed, an assessment of articles published in the most
recent five years supports this finding. For example, Saaroni
and Ziv [8] examined the urban heat island effect in the
arid city of Beer Sheba, Israel, and found, despite its odd
topographic setting, the city was influencing night temper-
atures far more than day temperatures, particularly in the
summer season. Elagib [9] investigated daily temperatures in
and around Khartoum, Sudan, and found significant urban
induced warming in the minimum temperatures and cooling
in the maximum temperatures in all seasons. Similarly, Singh
et al. [10] found that minimum temperatures were rising
faster than maximum temperatures during the 1988 to 2007
period in Dehradun, India, during which urbanization and
industrialization increased substantially after the city became
the capital of the newly formed state of Uttarakhand in 2000.
Several recent papers from China have quantified the portion
of warming that can be attributed to urbanization as opposed
to regional or even global warming signals. Wang and Ge
[11] examined stations in China that had undergone intense
urbanization and found that local effects accounted for 41%
of the observed warming from 1980 to 2005. Similarly, He
et al. [12] examined the records of 69 stations in China and
concluded that 44.1% of the warming signal over the past
three decades was urbanization induced. Assessment of the
IPCC reports along with the results of dozens of recent papers
reinforces the conclusion that urbanization induces a warm-
ing signal with the effect being much greater on the minimum
temperatures compared to maximum temperatures.

In this investigation, we focus on minimum and maxi-
mum daily temperatures collected throughout Iran over the
period 1961-2010. We identify annual and seasonal trends
in maximum and minimum temperatures and compare the
trends to population growth that has occurred in the vicinity
of the weather stations. Our focus on Iran is particularly
interesting given the large population increase in Iran, partic-
ularly the growth of the country in urbanized areas [13]. The
results of our study are significant in view of recent studies
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TABLE 1: List of weather stations along with the metadata.

Number Station Longitude Latitude Height WMO. N
1 Abadan 48.25 30.37 7 40831
2 Ahwaz 48.67 31.33 12 40811
3 Anzali 49.45 37.48 -26 40718
4 Arak 49.77 3410 1708 40769
5 Babolsar 52.65 3672 -21 40736
6 Bam 58.35 2910 1067 40854
7 Bandarabass 56.37 2722 10 40895
8 Birjand 59.20 32.87 1491 40809
9 Bushehr 50.82 28.97 20 40858
10 Esfahan 51.67 32.62 1601 40800
11 Ghazvin 50.05 36.25 1278 40731
12 Gorgan 54.40 36.90 13 40738
13 Hamadan 48.72 3520 1850 40767
14 Kermanshah 4715 3435 1420 40766
15 Khoy 44.97 38.55 1180 40703
16 Mashhad 59.63 36.27 990 40745
17 Oroomieh 45.05 37.67 1312 40712
18 Ramsar 50.67 36.90 =20 40732
19 Rasht 49.62 37.32 37 40719
20 Sabzevar 57.65 36.20 978 40743
21 Saghez 46.27 36.25 1480 40727
22 Sanandaj 47.00 3533 1373 40747
23 Shahrekord 50.85 3228 2061 40798
24 Shahroud 54.95 36.42 1380 40739
25 Shiraz 52.60 29.53 1488 40848
26 Tabriz 46.28 38.08 1361 40706
27 Tehran 51.32 35.68 1191 40754
28 Torbat Heydarieh ~ 59.22 3527 1350 40762
29 Yazd 54.28 31.90 1230 40821
30 Zahedan 60.88 29.47 1369 40856
31 Zanjan 48.48 36.68 1663 40729

highlighting the increasing variability in long-term climate
conditions such as higher incidences of droughts in certain
regions of the country [14]. In addition, Iran’s population has
also seen significant changes as a result of varying population
policies during different political periods.

2. Temperature Data

We obtained daily temperature data from the Islamic Repub-
lic of Iran Meteorological Organization (IRIMO). There are
more than 150 synoptic weather stations in Iran but we had to
limit our analyses to only 31 stations because of the shortness
of the period and/or gaps in daily maximum and minimum
temperature records of many of the stations (Table 1). Our
selected weather stations covered all of the climatic regions
of the country, and all stations have data spanning the entire
period from 1961 to 2010. Among the stations used, nearly
all of them have more than 99% of available days except for
the stations at Saghez, Oroomieh, and Kermanshah. Figure 1
shows the distribution of stations used across the country
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FIGURE 1: Distribution of the 31 stations throughout Iran used in this
study.

along with change in population between 1956 and 2011.
A nearest neighbor analysis was conducted to check for
any form of clustering among the spatial distribution of
stations across the study area. The Nearest Neighbor Index
is expressed as the ratio of the observed mean distance
to the expected mean distance. The expected distance is
the average distance between neighbors in a hypothetical
random distribution. If the index is less than 1, the pattern
exhibits clustering; if the index is greater than 1, the pattern is
dispersed or even uniform [15]. The nearest neighbor statistic
for the network of stations used in the present study is 1.20,
thus indicating no evidence of clustering for the network.

Iran, located in Southwest Asia, experiences a predomi-
nantly semiarid to arid climate. There are significant spatial
and temporal variations in the long-term climate conditions
across the region, with substantial variations in rainfall and
a high propensity for drought [16, 17]. For instance, in major
cities such as Tehran, Mashhad, and Esfahan, which are also
the leading population centers, drought like conditions have
resulted in significant reduction in surface and ground water
availability. Additionally, the annual average temperatures
for the entire time period ranged between 9°C and 27°C.
The average maximum temperatures ranged between 16°C
in Oroomieh in the north and 32.3°C in Abadan in the
south central Iran. The average minimum temperatures
ranged between 1.3°C in Saghez in the north and 21.78°C in
Bandarabass in the south. In general the lower temperatures
were clustered in the higher elevation regions of the Zagros
Mountains.

3. Population Data

In a detailed study, Abbasi et al. [18] described the temporal
changes in Iran’s population over the years which coincided

with three different political periods. As a result of better
health care and population policies, Iran experienced major
population growth in the 1970s and 1980s, which was followed
by a relative decline in the rate of population growth. This
population growth also led to increased rural to urban
migration. Consequently, according to the national census
report in 2011, about 71.2% of the total 75.2 million population
of Iran live in cities. Among these cities, Tehran is considered
to be an overpopulated city with 8.2 million people living
there in the metropolitan area [19]. The importance of Iranian
cities as centers of economic and cultural changes that have
occurred since the Islamic revolution in 1979 has been
highlighted in several studies [20, 21]. A study by Fanni [13]
provided interesting insights into population growth in Iran
from 1976 to 2002 and showed that the urban growth rate
averaged 4.3% while the rural growth rate averaged 1.3% over
that time period.

Therefore, in order to investigate the role of population
increase in cities on temperature changes, population data
were obtained from the official reports of the Statistical
Centre of Iran for 1956 to 2011. The first population collection
(census) was held in Iran in 1956 and after that, a population
census was conducted on intervals of approximately 10
years. The latest population data available to us are from
2011. Historical population data were not available for the
entire time period for two stations including Babolsar and
Ramsar in the north, both of which are not major population
centers. Therefore, the analyses conducted on the relationship
between population growth and temperature trends were
limited to 29 stations across the study area.

We found that the population increased at all of our
29 weather stations from 1956 to 2011 (Figure 1). The main
population centers are located in the major cities of Tehran,
Mashhad, and Esfahan. In terms of percentage increase
between 1956 and 2011, the highest percentages were mainly
located along the border in the east and north [22].

4. Analyses and Results

To begin our analyses of the trends in maximum and
minimum temperatures across Iran, we determined the linear
trend in °C decade™ on the annual and seasonal basis. The
seasonal classification used in the present study includes
spring (March to May), summer (June to August), autumn
(September to November), and winter (December to Febru-
ary). We conducted all analyses by season and found little
variability in the minimum temperature trends across the
four seasons (Figure 2). Trends for maximum temperatures
were consistently less in all seasons compared to their mini-
mum temperature counterparts but did show more intersea-
sonal variability. The higher rate of increase in minimum tem-
peratures is consistent with the results of a study by Tabari and
Hosseinzadeh Talaee [23]. The spatial patterns of the trends
in temperature patterns are shown in Figure 3. All stations
experienced positive trends in both maximum and minimum
temperatures at the seasonal scale. Overall, the trends in min-
imum temperatures were higher than the maximum temper-
atures. At the seasonal scale, the trends were usually higher
during the winter and spring seasons for the maximum
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FIGURE 2: Seasonal trends (°C decade™) for maximum and mini-
mum temperatures.

temperatures (Figure 3(a)) and during the summer and fall
seasons for the minimum temperatures (Figure 3(b)). In the
case of the maximum temperatures, higher trends were clus-
tered in western Iran, over the Zagros Mountains, while the
lower trends were observed in northern Iran. In the case of
the minimum temperatures, the highest trends were observed
in northeast Iran with lower trends located in the northwest.

We next tested the trend values for normality (a Gaussian
distribution) across the 31-station network. The Kolmogorov-
Smirnov one-sample test indicated that both spatial arrays
had no significant (p < 0.05) deviations from the normal
distribution. Furthermore, we computed the standardized
coefficients of skewness, z, and kurtosis, z,, as
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where the resulting z values were compared against a ¢ value
deemed appropriate for a selected level of confidence (e.g.,
for N = 31,t = 2.04 for the 0.05 confidence level). Con-
sistent with the Kolmogorov-Smirnov one-sample test, the
standardized coefficients of skewness and kurtosis showed
no significant deviations from normality in either the maxi-
mum or the minimum temperature trend values across the 31
stations (Table 2).

As seen in Table 2, the mean trend for the maximum tem-
peratures was 0.186°C decade™ while the mean trend for the
minimum temperatures was 0.357°C decade . We computed
the difference between the two trends using Student’s ¢-test
for unequal variances. We found the ¢ value to be 2.592 which
exceeds the 2.04 threshold for the 0.05 level of confidence.
This leads us to conclude that minimum temperatures have
increased nearly twice as fast as maximum temperatures
in Iran, the difference is statistically significant, the diurnal
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TABLE 2: Mean and standard deviations in temperature trends (°C
decade™), normality statistics, and measure of spatial autocorrela-
tion.

Variable Mean Std.dev. N K-S  z 2z,  Morans [
Maximum g 166 0185 31 021 -1150 -0362 -0.015
temp.
Minimum o 357 319 31 0136 -0.764 —0.821  0.047
temp.

temperature range values across the country have declined,
and average temperatures have increased. The results are
consistent with the findings of Rahimzadeh et al. [24] based
on 27 stations in Iran over a period beginning between 1951
and 1961 and ending in 2003.

We calculated Morans I as a measure of spatial auto-
correlation for the maximum and minimum temperature
trends. Spatial autocorrelation of a set of points measures
whether or not points close to one another have similar values
for some attribute. High, positive spatial autocorrelation
indicates that points with similar characteristics are close to
one another. The general form of the equation for the spatial
autocorrelation coefficient, SAC, is

_ Z?:l Z?ﬂ GijWi;
Y 27:1 Wij )

where ¢; represents the dissimilarity of attributes at points i
and j, wy; is the proximity of the location of points i and j

SAC (2)

set equal to 1 /dizj, where d;; is the distance between points,
x; is the value of an attribute of point i, and 7 is the number
of points in the distribution. In the case of Morans I, ¢;; =
(x; — %) (x = x), and the value will be positive for similar and

negative for dissimilar points. Finally, SAC is divided by s*
which is the spatial variance of x to produce Moran’s I value.
The autocorrelation values (Table 2) were low and not
statistically significant indicating a near randomness in the
trend values across the network. We conducted a trend-
surface analysis on the temperature trend values and found
no significant relationship with the latitude or longitude of
the 31 stations. These findings lead to the conclusion that there
is no strong underlying spatial pattern in trends of either the
maximum or the minimum temperatures across Iran.

Next we analyzed any relationship that might exist
between the annual trend values and the change in population
that occurred at the stations between 1956 and 2011. The anal-
yses were complicated by the lack of normality in the change
in population variable driven by the large population increase
of over 6.6 million people in Tehran. Neglecting that fact,
the Pearson product-moment correlation coefficient between
population increase and maximum temperature trends was
0.279 (p = 0.143) and 0.362 (p = 0.054) for the minimum
temperatures. If Tehran is eliminated from the analyses, the
correlation coeflicients are 0.451 (p = 0.016) and 0.365
(p = 0.056), respectively, for the maximum and minimum
trend values. Finally, we calculated the Spearman rank-order
correlation coefficients (Spearman’s p) between the trend
values and the change in population; these coeflicients are
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FIGURE 3: Spatial patterns of station level trends in seasonal temperatures from 1961 to 2010. (a) Maximum temperatures. (b) Minimum
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FIGURE 4: Winter-season trend in maximum temperature (°C
decade™) and the natural log of the change in population from 1956
to 2011.

not based on any assumption that the data have normal
distributions. The coeflicients are 0.431 (p = 0.030) and 0.280
(p = 0.141), respectively, for the maximum and minimum
temperature trends. These results are based on a relatively low
number of stations (N = 29) and yet, a highly statistically
significant signal is confirmed that temperature trends in
Iran are influenced by population growth in and around the
weather stations.

Additionally, when we examined the data on a seasonal
basis, the Spearman rank-order correlation coefficients show
the strongest relationship (p = 0.579, p = 0.001) with the
change in population variable appeared with the wintertime
maximum temperature trends (Table 3, Figure 4). To further

explore this unusual finding, we obtained monthly snow-
sleet days for the 31 stations across the country from the
IRIMO. The time period of the monthly snow-sleet days
for the stations used covers from 1961 to 2010. There were
no snow-sleet days at some of the stations such as Abadan,
Ahwaz, Bushehr, and Bandarabass, but there were snow-sleet
days observed in many of other stations in Iran (Figure 5).
The spatial patterns of the trends in the average number of
snow-sleet days across Iraq are mapped in Figure 6; the map
suggests that there are no significant trends in snow-sleet days
in any part of the study area.

A multiple regression showed that both the natural log of
population growth and the number of snow-sleet days were
both positively and significantly (p < 0.05) related to the
trends in winter-season maximum temperature; 38.7% of the
spatial variance in the winter maximum temperature trends
was explained by the two predictors. The Pearson product-
moment correlation coefficient between population growth
and the number of snow-sleet days was 0.05 indicating little
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FIGURE 6: Map of trends in average number of snow-sleet days across
Iran, calculated as Mann-Kendall scores that would need to be below
—2.18 or above 2.18 to be significant at the 0.05 level of confidence.

shared variance between the two predictors. These findings
are supported by Baker et al. [25] who found that variations
in snow cover strongly influence maximum temperatures
during the winter season.

5. Conclusions

We examined temperature records from Iran over the period
1961-2010 and arrived at three fundamental conclusions:

(1) Across the entire country, maximum and minimum
temperatures have increased significantly over the
past five decades with the minimum temperatures
increasing nearly twice as fast as the maximum
temperatures. As with many other places in the world,
the diurnal temperature range in Iran has decreased.

(2) We found strong evidence that population growth
has influenced trends in maximum and minimum
temperature across the country.
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(3) Somewhat surprisingly, the strongest relationship
between population growth and temperature trends
appeared with the winter-season maximum tempera-
tures. This suggested some feedback with snow cover,
and indeed, we did find a significant relationship
between trends in winter maximum temperature and
the number of snow-sleet days.

Our findings add to a large body of knowledge on how
temperatures may be responding to processes occurring from
the global to local scales. Our research is the first effort focus-
ing at the possible relationships that exist between population
increase of the cities, urbanization, and temperature changes
in Iran. The link to snow was an unexpected finding that may
be investigated in other settings around the world.
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