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Abstract Atmospheric visibility (AV) is an indicator
for assessing air quality and is measured in standard
weather stations. The AV can change as a result of two
main factors: air pollution and atmospheric humidity.
This study aimed to investigate trends in the number of
days with AV equal or less than 2 km (DAV2) in Iran
during 1968–2013. Consequently, 43 weather stations
with different climates were evaluated across the coun-
try, using the Mann–Kendall (MK) trend test. The re-
sults show that the number of stations with positive (i.e.,
significant or non-significant) MK z values was equal to,
or greater than, those with negative MK z values, in all
months and seasons of the year, as well as annually.
Furthermore, summer and autumn had, respectively, the
least andmost stations with positiveMK z values. Fewer

trends in DAV2 were detected in the central, east, and
northeast regions of the country. Analyzing the DAV2

and relative humidity together indicated that over 30%
of stations had at-risk air quality in January, and that the
largest number of stations with at-risk air quality was in
the autumn and winter. These results are useful for better
environmental planning to improve air quality, especial-
ly in developing countries such as Iran, where reduced
air quality has been a major problem in recent decades.
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Introduction

Atmospheric visibility (AV), the greatest horizontal dis-
tance one can see, is an indicator of air quality and is
useful for interpreting the volumetric density of particles
and gases in the atmosphere (Ahrens 2016; Hu et al.
2017; Hyslop 2009). AV is a result of natural and/or
anthropogenic emissions (Tsai 2005). Air pollution and
high humidity are the two main factors that reduce AV
(Ahrens 2016; Burt 1961; Deng et al. 2016; Hyslop 2009;
Vautard et al. 2009), and AV can be used to assess air
quality when humidity is low. Recent studies demonstrate
that increasing air pollution in future decades will simi-
larly increase negative impacts on human lives (Hu et al.
2017; Silva et al. 2017). Moreover, growing concentra-
tions of aerosols (and subsequent reduction of AV) can
impact cloud properties and the initiation of precipitation
(Liao et al. 2015). It is therefore useful to study AV
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trends, especially in regions with high potential for AV
degradation (i.e., arid climates and developing countries
that are increasingly urbanized and have industrial
development).

A number of studies have examined trends in AV
over time and its links to air pollution. Tsai (2005)
studied the AV trend in an urban area in Taiwan during
1961–2003 to establish the relationship between AVand
major air pollutants. Tsai (2005) found that decreased
visibility was primarily related to increases in PM10
(i.e., particulate matter with an aerodynamic diameter
smaller than 10 μm). Chang et al. (2009) evaluated AV
trends in six megacities in China during 1973–2007 and
revealed that, while Shenyang had experienced a signif-
icant increasing trend, visibilities in other cities experi-
enced decreasing trends, especially since themid-1990s.
Synoptic weather was found to have a significant impact
on air pollution and visibility in Nanjing through the use
of multiple statistical methods for visibility, air pollution
index (API), and meteorological variables (Deng et al.
2011). Zhao et al. (2011) examined data from a 29-year
period at 100 ground stations in China. They found that
visibility in non-urban stations was higher than urban
stations, but no apparent trend was found for days with
good visibility. Long-term trends in AV in southeast
China during 1973–2010 revealed that AV had de-
creased in 94% of the studied stations at a rate of around
− 2.0 km per decade (Deng et al. 2012). Sabetghadam
et al. (2012) examined AV during a 50-year period from
1958 to 2008 in Tehran, Iran. They found a larger
decrease in AV for the metropolitan area compared to
the sparsely populated, and less polluted, parts of the
city and observed the largest decreasing trend during
winter. Wu et al. (2012) analyzed trends of AVon sunny
days in China during a five-decade period and reported
that AV decreased for most stations. As well, AV in large
cities was lower than in small cities. AV in large and
medium cities was lower in summer than winter, while
in small cities, the opposite was true. Hu et al. (2017)
examined AV, aerosol optical depth (AOD), and meteo-
rological factors during 1973–2015 in nine megacities,
including Beijing, Shanghai, and Guangzhou in China,
Chicago, Los Angeles (LA), and New York City (NYC)
in the USA and Mumbai, Chennai, and Jaipur in India.
Results showed that AV in Chicago, LA, and NYC
gradually improved over the study period, while the
AV in Mumbai, Chennai, and Jaipur deteriorated, with
these cities experiencing extremely poor visibility in
recent years. AV in Beijing, Shanghai, and Guangzhou

worsened during the industrial development in the
1970s but improved after the 1990s.

Despite a large body of research on detecting trends in
meteorological variables (e.g., temperature and precipita-
tion) over time, significantly fewer studies investigating
trends in AVexist. In Iran, the study site of this research, a
literature search revealed only one study on trend analysis
of AV (which explored only one city) (Sabetghadam et al.
2012). The present paper is the first study to analyze days
with low AVacross all of Iran. The aim of this paper was
to examine trends in the number of days with AVequal to,
or less than, 2 km at 43 weather stations across Iran
during 1968–2013. Reduced air quality has been one of
the major atmospheric problems in Iran during recent
decades, and the results of this study will likely be valu-
able for environmental planning to improve air quality.

Materials and methods

Data

Iran is approximately 1,650,000 km2 and is located
between 25–38.5° N latitude and 44–63.5° E longitude
in the Middle East (Fig. 1). Iran’s climate is predomi-
nantly arid to semi-arid with annual precipitation equal
to, or less than, 250 mm although certain southern
coastal areas of the Caspian Sea feature Mediterranean
to very humid climates, where annual precipitation is
greater than 800 mm (Table 1). In this study, the total
number of days with AV equal to or less than 2 km
(DAV2) and average relative humidity (RH) were studied
at 43 weather stations across Iran during 1968–2013.
This threshold (i.e., AVequals to or less than 2 km) was
selected because air pollution is primarily formed as
mist or haze, which reduces AV to 2 km or less
(Vallero 2014; Vautard et al. 2009). AV and RH data
are typically collected every 3 h in synoptic stations (i.e.,
eight times a day) and presented in monthly averages by
the Iranian Meteorological Organization (IRIMO). In
this study, the monthly data for the AV and RH were
obtained from the IRIMO, and seasonal and annual
values were calculated. At some stations, observations
were not recorded before 1968; therefore, 1968 was
selected as the first year in this study. The stations are
located in a variety of climates (Table 1) and have a
good spatial distribution across the country (Fig. 1).
Table 2 presents descriptive statistics for the long-term
average annual total number of days with AV ≤ 2 km.
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MK trend test

The Mann–Kendall (MK) test is a widely used non-
parametric statistical method to detect trends in time
series (Kendall 1975; Mann 1945). This test is very
popular in climatological and hydrological trend anal-
yses (Araghi et al. 2016; Araghi et al. 2015a; Araghi
et al. 2017; Araghi et al. 2015b; Martinez et al. 2012;
Nalley et al. 2013) as well as in air pollution trend
detection studies (Li et al. 2016). The original version
of the MK test is expressed as follows (Hirsch and
Slack 1984; Wilks 2011):

S ¼ ∑
n−1

c¼1
∑
n

d
sign Xd−X cð Þ ð1Þ

sign X d−X cð Þ ¼
þ1 X d > X c

0 X d ¼ X c

−1 X d < X c

8<
: ð2Þ

var Sð Þ ¼ 1

18
∙ n n−1ð Þ 2nþ 5ð Þ½ � ð3Þ

var Sð Þ ¼ 1

18
∙ n n−1ð Þ 2n−5ð Þ½ �− ∑

J

j¼1
t j t j−1
� �

2t j þ 5
� �" #

ð4Þ

Z ¼

S−1ffiffiffiffiffiffiffiffiffiffiffiffiffi
var Sð Þp S > 0

0 S ¼ 0
S þ 1ffiffiffiffiffiffiffiffiffiffiffiffiffi
var Sð Þp S < 0

8>>>><
>>>>:

ð5Þ

Fig. 1 Study area and selected weather stations (black filled circles) in Iran
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Table 1 Characteristics of the selected weather stations used in this study

No. Station name Longitude
(°E)

Latitude
(°N)

Elevation
(m)

Annual Temperature
(°C)

Annual Precipitation
(mm)

Climate (de
Martonne)

1 Abadan 48.25 30.37 6.6 25.4 156 Arid

2 Ahvaz 48.67 31.33 22.5 26.2 213 Arid

3 Arak 49.77 34.10 1708 13.7 342 Semi-arid

4 Babolsar 52.65 36.72 − 21 16.6 894 Humid

5 Bam 58.35 29.10 1066.9 23.1 61 Arid

6 Bandar Abbas 56.37 27.22 98 27.3 183 Arid

7 Bandar Anzali 49.47 37.47 26.2 16.1 1854 Very humid

8 Bandar Lengeh 54.83 26.53 22.7 27.7 143 Arid

9 Birjand 59.20 32.87 1491 16.7 171 Arid

10 Bushehr 50.83 28.98 196 24.6 279 Arid

11 Chabahar 60.62 25.28 8 26.5 111 Arid

12 Dezful 48.38 32.40 143 24.3 405 Semi-arid

13 Esfahan 51.67 32.62 1550.4 16.2 123 Arid

14 Fassa 53.68 28.97 1288.3 20.3 302 Arid

15 Ghazvin 50.05 36.25 1279.2 14.3 316 Semi-arid

16 Gorgan 54.27 36.85 133 17.8 601 Sub-humid

17 Hamedan 48.72 35.20 1679.7 11.1 333 Semi-arid

18 Iranshahr 60.70 27.20 591.1 27.6 110 Arid

19 Jask 57.77 25.63 5.2 27.5 142 Arid

20 Kashan 51.45 33.98 982.3 19.8 138 Arid

21 Kerman 56.97 30.25 1753 17.0 153 Arid

22 Kermanshah 47.15 34.35 1318.6 14.5 445 Semi-arid

23 Khorramabad 48.28 33.43 1147.8 17.3 509 Semi-arid

24 Khoy 44.97 38.55 1103 12.5 293 Semi-arid

25 Mashhad 59.63 36.27 999.2 14.1 255 Semi-arid

26 Oroomiyeh 45.08 37.53 1315.9 11.2 341 Semi-arid

27 Ramsar 50.67 36.90 − 20 16.0 1218 Very humid

28 Rasht 49.60 37.25 − 6.9 16.2 1359 Very humid

29 Sabzevar 57.72 36.20 977.6 17.6 189 Arid

30 Saghez 46.27 36.25 1522.8 12.1 499 Mediterranean

31 Sanandaj 47.00 35.33 1373.4 14.2 458 Semi-arid

32 Semnan 53.55 35.58 1130.8 18.3 141 Arid

33 Shahrekord 50.85 32.28 2048.9 12.5 322 Semi-arid

34 Shahroud 54.95 36.42 1345.3 14.5 154 Arid

35 Shiraz 52.60 29.53 1484 17.9 346 Semi-arid

36 Tabas 56.92 33.60 711 22.4 83 Arid

37 Tabriz 46.28 38.08 1361 12.0 289 Semi-arid

38 Tehran 51.32 35.68 1190.8 17.2 233 Arid

39 Torbat
Heydarieh

59.22 35.27 1450.8 14.8 275 Semi-arid

40 Yazd 54.28 31.90 1237.2 19.3 61 Arid

41 Zabol 61.48 31.03 489.2 22.7 61 Arid

42 Zahedan 60.88 29.47 1370 18.6 91 Arid

43 Zanjan 48.48 36.68 1663 11.5 313 Semi-arid
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Table 2 Some descriptive statistics of the long-term average annual total number of days with visibility ≤ 2 km

No. Station name Mean Standard deviation Min. Max. Median Skewness

1 Abadan 50.6 19.5 20 105 48 0.7

2 Ahvaz 42.1 21.8 10 105 36 0.8

3 Arak 29.5 15.0 8 72 25 0.8

4 Babolsar 14.7 6.0 5 33 13 0.7

5 Bam 5.0 5.1 0 19 3 1.0

6 Bandar Abbas 35.0 20.1 6 88 31 0.7

7 Bandar Anzali 46.4 14.5 14 84 44 0.3

8 Bandar Lengeh 25.2 20.8 1 93 23 1.3

9 Birjand 7.3 5.2 1 26 5.5 1.6

10 Bushehr 30.4 11.7 14 73 28 1.2

11 Chabahar 16.6 14.0 1 59 14 1.3

12 Dezful 40.3 17.9 8 108 39 1.4

13 Esfahan 16.7 7.2 6 46 17 1.3

14 Fassa 3.4 4.7 0 23 2 2.5

15 Ghazvin 28.0 9.6 11 46 27 0.0

16 Gorgan 25.8 21.0 0 66 19.5 0.5

17 Hamedan 34.8 13.8 5 73 35.5 0.2

18 Iranshahr 15.4 9.2 2 49 15 1.1

19 Jask 21.6 25.7 3 72 18 4.5

20 Kashan 3.5 3.2 0 11 3 0.9

21 Kerman 11.7 4.6 2 24 12 0.3

22 Kermanshah 21.9 9.8 8 46 21 0.6

23 Khorramabad 6.3 5.2 0 22 5 1.0

24 Khoy 16.4 10.4 3 61 12.5 2.1

25 Mashhad 46.9 16.4 17 92 47 0.8

26 Oroomiyeh 28.6 11.1 14 69 26.5 1.8

27 Ramsar 32.2 11.7 1 72 32 0.7

28 Rasht 103.4 42.1 15 174 110.5 − 0.3
29 Sabzevar 7.2 6.4 0 23 5 0.8

30 Saghez 18.6 8.7 4 39 17.5 0.6

31 Sanandaj 15.2 7.7 2 34 14 0.6

32 Semnan 4.6 2.9 0 12 4.5 0.6

33 Shahrekord 13.5 6.9 1 29 12 0.4

34 Shahroud 7.0 4.2 0 20 6.5 0.8

35 Shiraz 13.5 6.3 4 26 13.5 0.3

36 Tabas 9.8 9.7 0 37 6.5 1.4

37 Tabriz 27.6 10.9 8 60 26.5 0.7

38 Tehran 26.9 14.2 5 65 25 0.8

39 Torbat Heydarieh 13.1 5.1 4 26 13 0.8

40 Yazd 14.9 7.1 3 34 13.5 0.4

41 Zabol 51.4 27.6 11 116 44 0.6

42 Zahedan 22.7 9.0 5 42 22.5 0.2

43 Zanjan 19.3 7.8 5 46 18.5 0.9
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where d = c + 1, n is the number of data points, J indi-
cates the number of groups with repeated values, and tj
is the number of repeated values in the jth group. The
statistic S in Eq. (1) counts (subtracts) the number of
adjacent data points in which the first value is
smaller (larger) than the second. It should be noted
that if ties in the data exist, the variance should be
calculated using Eq. (4). At a significance level of
α = 0.05, if the value of Z (hereafter MK z value) is
equal to or greater than 1.96 (less than − 1.96), the
trend is positive (negative) and significant (Wilks
2011). Previous studies have established that the
existence of a serial correlation and seasonality pat-
tern in a time series can affect the results of the MK
test (Hamed and Ramachandra Rao 1998; Hirsch
and Slack 1984; Yue et al. 2002). To check for the
existence of seasonality patterns and serial correla-
tions in a time series, the autocorrelation coefficients
versus lags, termed a correlogram, can be plotted
(Wilks 2011). The autocorrelation coefficient for lag
k can be calculated as follows (Wilks 2011):

rk ¼
∑n−k

i¼1 xi−x−
� �

xiþk−xþ
� �h i

∑n−k
i¼1 xi−x−

� �2
� �1=2

∑n
i¼kþ1 xi−xþ

� �2
� �1=2 ð6Þ

The subscripts B−^ and B+^ in Eq. (6) demon-
strate sample averages over the first and last n − k
values in the time series, respectively. If r1 is be-
tween the upper and lower bounds expressed in Eq.
(7), it can then be concluded that the time series has
a serial correlation at a significance level of α = 0.10
(Yue et al. 2002):

−1−1:645
ffiffiffiffiffiffiffiffi
n−2

p

n−1
≤r1≤

−1þ 1:645
ffiffiffiffiffiffiffiffi
n−2

p

n−1
ð7Þ

A positive (negative) serial correlation renders the
variance estimation less (more) than the actual value
which will increase (decrease) the MK z value

erroneously (Hamed andRamachandra Rao 1998).When
a serial correlation exists in a time series, the modified
version of theMK test should be used as follows (Hamed
and Ramachandra Rao 1998; Yue et al. 2002):

var S
0

� �
¼ 1

18
∙ n n−1ð Þ 2nþ 5ð Þ½ � n

n*e

� �
ð8Þ

n
n*e

¼ 1þ 2

n3−3n2 þ 2n

	 

∑
n−1

f¼1
n− fð Þ n− f −1ð Þ n− f −2ð Þρe fð Þ

ð9Þ

ρ fð Þ ¼ 2sin
π
6
ρe fð Þ

h i
ð10Þ

where n∗ indicates the effective sample size required to
account for the autocorrelation factor in the time series.
The autocorrelation function between the ranks of the
observations is denoted by ρe(f), which is calculated as
the inverse of Eq. (10). Moreover, if the time series has a
seasonality pattern, the Hirsch and Slack modified ver-
sion of the MK trend test must be used. More details
about these modified methods can be found in related
papers (Araghi et al. 2015b; Hamed and Ramachandra
Rao 1998; Hirsch and Slack 1984; Hirsch et al. 1982).

Methodology

In this study, trends were first detected in the DAV2 time
series in different months, seasons of the year, and
annually, using the appropriate version of the MK test
(see BMK trend test^). To better interpret the results,
trends were also detected in RH data for all stations in
the same time steps. Three different scenarios were then
developed to distinguish the stations with critical, sub-
critical, and at-risk in their air quality status based on the
trends in the DAV2 and RH time series (Table 3). In
general, AV is reduced as a result of an increase in air
pollution or humidity-related phenomena (e.g., heavy
precipitation or fog). Therefore, as can be seen in Table 3,
only situations in which the trend in DAV2 time series
was positive (significant or non-significant) were

Table 3 Introduced classes for air pollution analysis (MK z values are at a significance level of α = 0.05)

Class MK z values range for DAV2 (days with visibility ≤ 2 km) MK z values range for RH (relative humidity)

Critical ≥ 1.96 ≤ − 1.96
Sub-critical ≥ 1.96 > − 1.96 and < 0

At-risk > 0 and < 1.96 > − 1.96 and < 0
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considered, because a negative trend in DAV2 time series
indicated that air quality had improved. Additionally,
instances in which trends were positive in both the
DAV2 and RH time series (significant or non-

significant) were ignored because, in this case, decreas-
ing AV was related to increasing humidity and not to
increasing air pollution (Deng et al. 2016; Sabetghadam
et al. 2012; Zhao et al. 2011). As presented in Table 3, in

Jan raMbeF

nuJyaMrpA

peSguAluJ

ceDvoNtcO

Sig. Negative Non-Sig. Negative

Sig. Positive Non-Sig. Positive

Fig. 2 MK z values for DAV2 (i.e., days with atmospheric visibility equal to or less than 2 km) in different months at the studied stations
during 1968–2013
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both the critical and sub-critical classes, the DAV2 has a
positive significant trend, while the RH has a negative
significant or non-significant trend. In such situations,
the reduction in the DAV2 was due to the increment in air
pollution. As well, when the trends in the DAV2 and RH
were non-significant positive and negative, respectively,
a potential situation for increasing air pollution exists in
the future, so this class was labeled at-risk.

Results and discussion

Trends in DAV2 and RH

The significance and sign of the MK z values varied
between months, and no patterns were evident
(Fig. 2). In January, March, November, and

December, most stations had a positive MK z value,
some of which were significant. This indicated that
AV worsened over the study period during those
4 months. Conversely, in February and September,
approximately half of the stations had a negative,
non-significant MK z value. Overall, it can be con-
cluded that the percentage of stations with positive
MK z values was equal to, or greater than, those with
negative MK z values for all months of the year. This
supports the probability that AV decreased during
1968–2013 in most regions of Iran. In the majority
of cases, stations with positive and significant MK z
values were observed in the north, northwest, west,
south, and southeast parts of Iran, while significant
trends were not frequently observed in the east,
northeast, and central regions of the country (Fig.
2). Further study is required to find the causes of

Sig. Negative Non-Sig. Negative

Sig. Positive Non-Sig. Positive

Annual

Autumn (SON)

Spring (MAM)Winter (DJF)

Summer (JJA)

Fig. 3 MK z values for DAV2

(i.e., days with atmospheric
visibility equal to or less than
2 km) in different seasons and
annually at the studied stations
during 1968–2013
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these MK z values in different regions of Iran, al-
though the causes of trends in certain regions and
months may already be evident. For instance, the
significant positive trends in the southeastern part of
Iran during May to August may be related to the

Sistan wind of 120 days (Alizadeh-Choobari et al.
2014): a regional dust storm that occurs from mid-
May to mid-September.

Positive MK z values most frequently occurred in
autumn and were least common in summer (Fig. 3).

Jan raMbeF

nuJyaMrpA

peSguAluJ

ceDvoNtcO

Sig. Negative Non-Sig. Negative

Sig. Positive Non-Sig. Positive

Fig. 4 MK z values for the average relative humidity (RH) in different months of year at the studied stations during 1968–2013
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This indicates that autumn has noticeable potential
for rising air pollution relative to other seasons. Sim-
ilar to the monthly results, most of the significant
positive trends were observed in the north, northwest,
west, south, and southeast of the country seasonally
and annually. Western winds carrying dust, which
usually have negative influences on air quality in Iran
(Najafi et al. 2017), are a potential cause of the
significant positive trends in the DAV2 identified in
the west. However, as discussed above, further re-
search is needed to more accurately determine the
natural and anthropogenic causes of AV trends.

For the RH time series in months, seasons, and
annually, the MK z values were predominantly negative
(significant or non-significant), and in most of the cases,
the RH was not found to be contributing to the

worsening AV (Figs. 4 and 5). This finding is in agree-
ment with Noshadi and Ahani (2015), who demonstrat-
ed the likelihood that decreasing AV was due to in-
creased air pollution in the country. The RH trend for
November was somewhat different from the other
months as many stations with positive (significant or
non-significant) MK z values were identified, especially
in the northwest, west, and central parts of Iran. Also
interesting is the fact that the RH trend was mostly
positive and significant at the Gorgan station, as well
as in some months at the Rasht and Bandar Anzali
stations. This indicates that RH increased in the southern
coastal regions of the Caspian Sea, perhaps resulting
from positive trends in air temperature (Araghi et al.
2015b). Therefore, it is possible that reduced AV oc-
curred in these regions as a result of rising RH.

Sig. Negative Non-Sig. Negative

Sig. Positive Non-Sig. Positive

Annual

Autumn (SON)

Spring (MAM)Winter (DJF)

Summer (JJA)

Fig. 5 MK z values for the
average relative humidity (RH) in
different seasons and annually at
the studied stations during 1968–
2013
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The direction of trends in RH in different seasons
and, annually, was similar to the monthly trends. Most
stations had negative (significant or non-significant)
MK z values, although in autumn, most stations in the
western regions of Iran had positive (significant or non-

significant) MK z values. This suggests that rising DAV2

in this region in autumn (Fig. 3) is due to rising of RH,
rather than air pollution. Similarly, the Chabahar and
Jask stations displayed positive significant trends of RH
in all seasons except winter, as well as annually (Fig. 5).

Jan raMbeF

nuJyaMrpA

peSguAluJ

ceDvoNtcO

Critical Sub-critical At risk

Fig. 6 Status of air quality at the studied stations in different months of the year during 1968–2013 (Stations whichwere not classified in any
of the classes introduced in Table 3 were ignored in this figure)
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This indicates that the changing AVat these stations was
not due to air pollution.

Status of air quality

As explained in BMethodology^ and Table 3, air
quality status was determined in different time steps.
Results from this process are depicted in Figs. 6 and
7. It should be noted that the stations which were not
classified in any of the categories introduced in
Table 3 were ignored in these figures. March, May,
and June had more stations with critical air quality
than other months of the year (Fig. 6). In May, critical
air quality in the southwest was likely due to dust
storms (Najafi et al. 2017), while the Sistan wind of
120 days (Alizadeh-Choobari et al. 2014) was the
reason for critical air quality in the southeast.

Additional environmental and climatic studies are
required to confirm this; however, it appears that
temporal changes in air quality in the southeast and
southwest regions of Iran are not the result of indus-
trial air pollution. The number of stations with sub-
critical air quality was similar throughout the year,
although January and May had the most stations with
at-risk air quality. In January, approximately 35% of
the 43 studied stations had an at-risk air quality.
Further studies are required to find the atmospheric
and environmental reasons for this.

Autumn had the fewest stations with critical air qual-
ity, perhaps because of an increased number of stations
with positiveMK z values for the RH, compared to other
seasons with a relatively similar number of stations with
critical status (Fig. 7). Air quality of the most critical
status was located in the west, southwest, south, and

Annual

Autumn (SON)

Spring (MAM)Winter (DJF)

Summer (JJA)

Critical Sub-critical At risk

Fig. 7 Status of air quality at the
studied stations in different
seasons and annually during
1968–2013 (Stations which were
not classified in any of the classes
introduced in Table 3 were
ignored in this figure)
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southeast regions of the country. Other regions of Iran
experienced better air quality based on the non-
significant trends in the DAV2, which indicates no con-
siderable increase in industrial air pollution. The number
of stations with sub-critical air quality was similar over
the 12 months and ranged from 5 to 10% of the total
number of studied stations. Seasonally, winter and au-
tumn had the most stations with at-risk air quality.
Although at-risk status was observed at stations in dif-
ferent regions of Iran, it wasmost frequently observed in
the north and northwest.

Conclusions

In this study, trends in the number of days with atmo-
spheric visibility equal to or less than 2 km (DAV2) were
investigated in Iran during 1968–2013. Forty-three
weather stations with different climates (i.e., from arid
to very humid), and located across the country, were
evaluated using the Mann–Kendall (MK) trend test. Re-
sults from this study demonstrate that the number of
stations with positive (significant or non-significant)
MK z values was equal to, or greater than, those with
negative MK z values, in all months, seasons, and annu-
ally. Summer and autumn had the fewest and most sta-
tions, respectively, with positive MK z values. Most
often, trends in DAV2 were detected less in the central,
east, and northeast parts of the country. To better interpret
trends, DAV2 and relative humidity (RH) were analyzed
together since higher RH has noticeable effects on rising
DAV2. Results from this analysis reveal that almost 35%
of the stations had at-risk air quality in January, and
autumn and winter had the most stations with at-risk air
quality. Although low atmospheric visibility (AV) is not a
chronic phenomenon in any region, it has the potential to
disrupt many aspects of the lives of people (e.g., health
and transportation). Low AV is monitored as an indicator
for high air pollution; however, detection of pollution
sources (i.e., anthropogenic and natural) requires further
investigation. Based on the past and contemporary status
of air pollution in many regions of the world, lower AV
can be anticipated in the near future in those regions
identified in this paper. Results from this, and similar
studies, are valuable for planning more effective and
sustainable environmental strategies to improve air qual-
ity, especially in developing countries, which are often
undergoing rapid urbanization and industrialization.
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