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The aim of this study is to investigate the long-term fluctuations and trends in horizontal
visibility in the northwest of Iran. For this purpose, hourly horizontal visibility data from 7
synoptic stations were used for the period of 1951-2020. The Koschmieder approach was
used to calculate the extinction coefficient. Moreover, the Mann-Kendall and Rdit tests
were applied to examine the trend of horizontal visibility. Also, the percentages of very
good visibility (>19 km) compared with bad (<10 km) visibilities. Based on the results the
annual average of horizontal visibility in northwest of Iran is ~13 km. This study showed
three different fluctuation periods in the regional average of horizontal visibility: the first
period (1951-1985) showed a sharp decrease in visibility, the second period (1987-2005)
was characterized by low and stable visibility, and the third period showed a recent relative
improvement. The regional average of horizontal visibility (extinction coefficient)
exhibited a significant decreasing (increasing) trend of -0.167(0.0017) km per year at a
confidence level of 0.01. The significant decreasing trend was confirmed in all stations
except for the Ardabil station. The most severe decreasing trend was detected in Sanandaj
and Zanjan stations with rates of 0.183 and 0.179 km year-1, respectively. The region
average of Rdit statistic in northwest Iran in the early 1950s was ~0.85, but it decreased to
around 0.3 in the 1990s. Despite the recent improvement in horizontal visibility, reaching
the reference distribution (i.e. Rdit=~0.5), the decreasing trend of horizontal visibility was
still confirmed. The percentage of trend analysis of very good and bad visibility showed an
increase in bad visibilities (from 5% to 25%) and a decrease in very good visibilities (from
80% to 5%), which confirms the decreasing trend in horizontal visibility. Hazy condition
with 38.7% was the most influential weather phenomenon in visibility degradation.
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Introduction

Horizontal visibility as one of the air quality indexes is defined as the maximum distance at which an
ideally black target can be recognized against the horizon (Horvath, 1981). Air pollution is one of the
main causes of reduced horizontal visibility (Malm et al., 1994, 1996). Many atmospheric phenomena
such as fog, rain, snow, and hail can affect visibility (Wen and Yeh, 2010). Moreover, industrialization
and urbanization have also led to increased air pollution and subsequently reduced visibility (Chang et
al., 2009; Deng et al., 2014; Huang et al., 2014). In the northwest of Iran, urbanization has developed a
lot in the last few decades, and the rise in the use of vehicle transportation has increased the
occurrence of smog (Ghahrmani, 2015). Furthermore, according to recent studies, the frequency of
dust storms in the west of Iran has also increased (Mohammadi, 2015; Sari Sarraf et al., 2016). These
issues, along with decreased rainfall and increased temperature, can significantly affect horizontal
visibility. Therefore, the variation and long-term trend of horizontal visibility in the northwest of Iran
were investigated.

Data and Method

Visibility observations in Iran are recorded at surface weather stations under the network of the Iranian
Meteorological Organization (IRIMO) based on WMO constructions. In this study, datasets were
provided by the data center of the Iranian Meteorological Organization (IRIMO) for the period of
1951 to 2020. In total, 7 synoptic stations in the northwest of Iran had complete datasets for more than
60 years. Daytime meteorological elements including horizontal visibility, temperature, precipitation
amount, and present weather codes were extracted from the primary dataset. Visibility data records
that had missing codes, precipitation, and high relative humidity (RH>90%) were screened out in
order to minimize the influences of meteorological factors (Solane, 1982a). Mann-Kendall test is a
non-parametric method that examines the presence of change in parameters in a time series (Mann
1945; Kendal 1975). A factor that affects trend detection in a series is the presence of positive or
negative autocorrelation (Yue et al. 2003; Novotny and Stefan, 2007). Ridit analysis is a widely used
statistical approach for visibility trend detection (Molnar et al., 2008; Gao et al., 2011; Deng et al.,
2012; Chen and Xie, 2012). Ridit indicates the probability that the visibility condition in a given
period was better/worse than a reference visibility distribution (Chen and Xie, 2012). Detailed
descriptions of the application of Rridit analysis on visibility trends have been provided in previous
research (Craig and Faulkenberry, 1979; Solane, 1982a; Doyle and Dorling, 2002). In addition, the
percentages of “very good” (>19km) and “bad” (<10km) visibility records per year, which are good
indicators of the long-range transport and haze/dust situation (Gomez and Smith, 1987), were
analyzed. Finally, to determine the impact of meteorological factors on reducing visibility, the
frequency of each atmospheric phenomenon (smog, mist, dust storms, and other phenomena) was
calculated annually for each station.

Results and Discussion

The annual mean horizontal visibility in all stations has relatively similar fluctuations and its regional-
mean variations can be classified into three different periods: The first period (1951-1985) was
characterized by a significant decrease in the average horizontal visibility, with the regional mean
decreasing from > 30 to 11 km. This period was therefore named the “severe decreasing period”. From
1986 to 2005, the average horizontal visibility remained at its lowest level without any significant
trend. The regional mean of horizontal visibility variation was between 9.4 and 11.8 km during this
period. Therefore, this period was named the “low and stable period”. From 2006, the regional mean
of horizontal visibility has gradually increased with a gentle slope, reaching around 16 km. Therefore,
this period was introduced as the “recent relative improvement”. Despite the relatively increasing
trend during this period, the average horizontal visibility has still been significantly lower than in the
1950s and 1960s. Therefore, the trend of horizontal visibility throughout the study period has been
decreasing, as confirmed by the Kendall test. The average Ridit value in northwest Iran was around
~0.85 in the early 1950s. However, it decreased significantly over the following 10 years and dropped
to below 0.40 in 1976. The regional mean of Ridit values for all years before 1980 was higher than
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0.5, indicating that the horizontal visibility during those years was higher than the reference
distribution. Between 1985 and 2010, the regional mean of Ridit values (between 0.31 and 0.38)
reached its lowest level. In the last 10 years of the study period (i.e., between 2011 and 2020), the
regional mean of Ridit values gradually increased and reached higher than 0.5 since 2017, indicating a
relative improvement in horizontal visibility in recent years. However, compared to the years between
1951 and 1980, it is still at a lower level. Therefore, the linear trend of the regional mean Ridit value
throughout the study period is decreasing. The percentage of bad horizontal visibility in all stations
from 1951 to 1975 was very low and mostly less than 10% of the total observations. From 1975 to
2010, the frequency of poor visibilities gradually increased and reach 10% - 20%. Since 2010, the
percentage of bad horizontal visibility has relatively decreased and reached around 10%, indicating a
relative improvement in horizontal visibility in recent years. The changes in horizontal visibility in
northwest Iran are well reflected through the changes in the frequency of very good visibility. Until
before 1980, except for the Tabriz station, very good visibility accounted for a high percentage (20%
to 80%) of total horizontal visibility observations. However, the frequency of very good horizontal
visibility decreased rapidly from the beginning of the study period. This study confirms the increasing
trend of bad horizontal visibility and the decreasing trend of very good horizontal visibility, indicating
a decreasing trend of horizontal visibility in northwest Iran. Among the weather phenomena affecting
horizontal visibility degradation, smog (38/7%) had the most significant impact, followed by mist and
dust storms with percentages of 30% and 17.5%, respectively.

Conclusion

In this study, three different fluctuation periods were identified in the changes in horizontal visibility.
In the first period, horizontal visibility was at its highest level, and humidity, especially mist, was the
main cause of the visibility reduction. However, in the second period, a considerable increase in smog
led to a reduction in visibility. In the third period, due to the relative stability in the frequency of smog
and an increase in the frequency of dust storms, there was a relative improvement in horizontal
visibility. But, it is not completely improved. It can be concluded that the factors contributing to the
decrease in horizontal visibility in northwest Iran have shifted from moisture phenomena to dust-
related phenomena (aerosols and smoke) in the past 70 years. Variation of Ridit values indicates that it
was higher than the reference distribution until 1986, and it has decreased to less than that since that
year. Among the stations, those located in the vicinity of well-developed cities (Tabriz and Urmia)
have declined below the reference distribution sooner than other stations. Despite the relative increase
in Ridit values in recent years (since 2005), in most stations, the Ridit value has been below 0.5. Due
to the location of most stations in the vicinity of well-developed cities and the impact of human
activities on air pollution and subsequent reduction in visibility, the results of this study cannot be
extended to all of northwestern Iran. However, to have a more accurate examination, data from
stations located in natural environments also need to be investigated. As a result, this approach can
provide a more realistic assessment of the trend of horizontal visibility in the study area. It has also
been shown that multiple factors affect the fluctuations in horizontal visibility, including changes in
meteorological factors and anthropogenic pollutants, especially in densely populated cities. Therefore,
determining the extent of the impact of each of these factors and identifying the percentage of their
impact in past decades can lead to a better understanding of what has happened in the past and help in
using them for environmental management in the future.
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