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Abstract: NOAA/NESDIS weekly Snow Cover Extent (SCE) and the reanalysis ERA-Interim monthly snow depth (SD) and 
density (SDR) time series are used to evaluate temporal snow variability in Iran. The possible linkage with climate 
warming is also investigated by analysing the time variation of SCE, air temperature (T) and frequency of snow 
occurrences at 14 selected observatories distributed over the country. Snow water equivalent (SWE) is estimated 
based on SD and SDR and then converted into SCE by classifying grid boxes with SWE greater than 1 mm as snow-
covered grids, so that they are comparable with NOAA SCE data. The percentage of snow-covered grids to the whole 
ones over Iran is taken as an indicator for snow variability and climate change. For the time variability analysis, the 
winter season and each individual winter month are considered. Results for both datasets do not fully agree in 
showing the same time variability of the percentage of snow-covered grids. NOAA/NESDIS SCE data have no trend, 
while ERA-Interim SCE show a downward trend for winter (also evident in March) that is not statistically significant. 
Similarly, the time series of the frequency of snow days observed at stations are characterized by a not statistically 
significant downward trend. In winter, an inverse relationship is found between SCE variability/snow frequency 
occurrences and T in almost all stations, suggesting a possible link between the observed behaviour in the reanalysis 
SCE and the increasing T. However, the non-statistically significance of trends makes the relationship not robust and 
necessary of further investigations with longer time series. 
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1. INTRODUCTION  

Snow is an important hydrological variable since it serves as a water source in many regions of 
the world. An example is given by Iran where the mountainous regions act as a water supplier for 
its surrounding arid and semi-arid areas. Typically, in Iran snow amount and coverage display a 
large interannual variability, very likely because of complex interactions between the mountain 
barriers and atmospheric circulation (Greenland, 2005). Thus, any changes in the snow areal 
coverage and amount may have important adverse hydrological and environmental effects also 
because snow plays a crucial role in agricultural and water management strategies in the country.  

Many studies indicate that rising temperature has caused redistribution and variations of snow 
cover at watershed scales in the Northern Hemisphere (NH), High Asia, and mid-latitude mountains 
(McCabe and Wolock, 2009; Lopez-Moreno et al., 2009). Hence, a detailed understanding of 
historical changes in snow amount and areal extent in the target area may shed light on the effects 
of climate variability and change.  

Groisman et al. (1994) found a substantial retreat in snow coverage of the NH during the second 
half of the 1972–1992 period and suggest that the retreat during spring (April–May) has contributed 
to increases in air temperature during spring months through positive radiative feedbacks. Frei and 
Robinson (1999) also identified a connection between the NH snow coverage and atmospheric 
circulation variability during 1972–1994. They also found relations between atmospheric 



 T. Raziei et al.  46 

circulation and snow extent in North America and indicate that the latter is associated with the 
longitudinal position of the North American ridge, while over eastern North America is associated 
with a meridional oscillation of atmospheric pressure. Brown (2000) studied NH snow cover area 
using snow depth observations for the period 1915–1997 and found a substantial change in March 
that could be due to the increases in temperature in that month.  

As mentioned above, although there is evidence for snow cover decrease at a hemispheric scale 
in response to recent warming, the picture is more complex for mountain regions of the world (e.g., 
Alps, Himalaya, Alborz and Zagros mountains in Iran) where snow cover trends are characterized 
by large regional and altitudinal variations (Brown and Petkova, 2007). Laternser and Schneebeli 
(2003) found a gradual increase in the mean snow depth, the number of snowfall days, and the 
duration of continuous snow cover in the Swiss Alps for the period 1931–1980, followed by a 
statistically significant decrease since the early 1980s. Similarly, an increasing trend has been found 
in snow cover over the mountainous regions of Poland during the last half of the 20th century 
(Falarz, 2004) although Petkova et al. (2004) found statistically significant trends in snow cover in 
Bulgaria. In Slovakia, snow cover decreases were observed for areas below critical elevations 
(Vojtek et al., 2003).  

The purpose of the present paper is to evaluate the variability of snow cover and occurrences in 
Iran also in relation to the climate change, in order to provide preliminary information on snow 
variability. Since snow is an integral of water resources in the country, changes in the snow amount 
and areal extent can directly affect policies of water resources management; thus a comprehensive 
study on the temporal changes of snow cover and amount in response to climate change is important 
for water planning strategies.  

2. DATA AND METHODS 

Data used in this study include the NOAA/NESDIS weekly Snow Cover Extent (SCE), ERA-
Interim monthly snow depth (SD) and density (SDR) time series, the monthly frequencies of snow 
occurrences and the mean monthly temperature (T) of 14 synoptic stations distributed over the 
mountainous areas of Iran. 

The most recently released NOAA/NESDIS weekly SCE, which is mainly based on the longest 
available satellite-derived time series of snow charts produced from the analysis of primarily optical 
satellite imagery (Robinson et al., 1993), is used. SCE data, maintained and housed at the Rutgers 
University Global Snow Lab (Brown and Robinson, 2011), were used herein, since they are widely 
used by the climate community and have been subject to several evaluations (Wang et al., 2005; 
Brown et al., 2007; Derksen and Brown, 2012). The time period considered for the present analysis 
is 1966–2015. 

The ECMWF SD and SDR data from the ERA-Interim reanalysis with a 0.75-degree horizontal 
resolution and covering the time period from 1979 to the present have been also used (Dee et al., 
2011). For the present analysis, SD data have been converted into snow water equivalent (SWE). 
ERA-Interim is based on a 12-h four-dimensional variational data assimilation (4D-Var) system 
with a horizontal resolution of approximately 80 km and with 60 vertical levels. This reanalysis 
incorporates several improvements with respect to the previous reanalysis ERA-40, which include 
improved horizontal resolution, the use of a variational bias correction to better handle satellite data 
biases, advances in model physics, background errors, data quality control, and radiative transfer 
modelling (Dee and Uppala, 2009).  

At the ECMWF, SD and SDR are first estimated by the forecast model based on Douville et al. 
(1995) and then updated based on a Cressman analysis of station observations of snow depth and 
snow cover fraction (when available) provided by satellite data (Drusch et al., 2004). The SWE at 
ERA-Interim grid points were computed using the SD and SDR variables, to be used subsequently 
for extracting SCE. Furthermore, the monthly total of days with snow occurrences and the mean 
monthly temperature of 14 stations located at the mountainous areas of Iran were considered for the 
analysis. The selection of stations was based on the records’ length and the frequency of snow 
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occurrences (i.e., a long data record with less than 5% missing values and that the frequency of 
snow occurrences at that station is relatively high).  

Although the snow occurrence in October, November, and April is not unusual in many parts of 
western and northern mountainous areas of Iran, this analysis is focused on December–March 
(DJFM) season during which the probability of snow occurrences is the highest all over the country. 
The time period considered for the analysis of temperature and snow days is 1951–2014 and 1951–
2010, respectively.  

In this analysis the computed SWE at ERA-Interim grid points were converted into SCE by 
classifying the grid boxes with SWE greater than 1 mm as snow covered (e.g., Drusch et al., 2004). 
Thereafter, the percentage of SCE of Iran for the DJFM season and for each individual winter 
months was computed for both NOAA/NESDIS and ERA-Interim data sets.  

Trends of the NOAA/NESDIS and ERA-Interim SCE time series relative to the DJFM season 
and the four individual winter months were evaluated by fitting a linear least square trend. 
Similarly, the time series of the mean temperature and the total number of days with snow 
occurrences relative to the winter season and individual months were examined to uncover if a 
relationship exists between SCE time series (NOAA/NESDIS and ERA-Interim) and observations 
represented by the number of snow days as well as the mean monthly temperature observed at the 
14 selected stations. 

3. RESULTS 

Figure 1 shows the time variability of the SCE relative to the DJFM season, derived from 
NOAA/NESDIS (Fig. 1a) and ERA-Interim (Fig. 1b) data sets, respectively. As can be seen, the 
NOAA/NESDIS snow cover extent fluctuates around the mean and does not exhibit any trend. 
Based on this figure the percentage of SCE in Iran in DJFM season varies between 20 and 25 
percent. Differently, the percentage of winter SCE represented by the Era-Interim data set (Fig. 1b) 
may vary between 10 and 20 percent. Figure 1b also shows an evident downward trend that, being 
statistically significant at an alpha level 0.05, explains about 30% (R2 = 0.3) of the total variance of 
the SCE time series. Time variability of the SCE relative to December, January, February, and 
March were also assessed separately (not shown) and no significant trend was found, nonetheless, 
March exhibited a sharper decreasing trend. In both seasonal and monthly time scales, no agreement 
was found between the SCE time series of both datasets that could be related to their different 
spatial resolution and data source; in particular, NOAA/NESDIS data is likely not able to capture 
the snow cover variability of the mid-latitudes mountainous areas as they are mostly patchy. This is 
supported by the study of Drusch et al. (2004), which showed that the fractional snow cover below 
40%–50% (at 500 m resolution) may not be correctly detected by algorithms based on visible and 
infrared measurements. Therefore, it can be stated that the area of grid boxes affected by snow is 
likely underestimated or not well captured by the NOAA/NESDIS product. 

As shown in Fig. 2, the time variability of the frequency of snow occurrences in DJFM season, 
observed at the stations also exhibits no evidence of trends. However, the time series are 
characterized also by high-frequency fluctuations that indicate highly variable snow occurrences at 
the stations. It is evident that all the stations are vulnerable to long-term events of snow occurrences 
deficit. Similar results were also obtained when monthly snow occurrences were analyzed for the 
selected stations. However, a not statistically significant negative trend was found for March at a 
few stations (not shown), which is in agreement with the result obtained for the same month using 
the ERA-Interim data set. 

Figure 3 shows the time variability of mean DJFM temperature for the selected stations. Some 
stations show a slight tendency towards warmer period, however, no one exhibits a statistically 
significant trend. The observed trend is more evident for Kermanshah, Mashhad, Khoramabad and 
Tehran for which the R2 is between 0.1 and 0.2. Time series of mean monthly temperature for 
December, January, February, and March reveal similar patterns of not statistically significant 
trends (not shown). However, the observed increasing trend in March is much more pronounced at 
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all the considered stations, albeit not significant. The observed increasing trend of mean monthly 
temperature in March could be related to the observed decreasing trend of SCE in the same month, 
as represented by the ERA-Interim data set (not shown). 

 

Figure 1. Time variability of the DJFM SCE in Iran derived from a) NOAA/NESDIS and b) ERA-Interim dataset; in 
blue the associated linear least squares fits. 

 

Figure 2. Time variability of the frequency of DJFM snow occurrences observed at the selected synoptic weather 
stations and the associated linear least squares trends. 
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Figure 3. Time variability of mean daily temperature of the DJFM season observed at the selected synoptic weather 
stations and the associated linear least squares trends. 

4. CONCLUSION 

The time variability of SCE for DJFM season in Iran was evaluated by using NOAA/NESDIS 
and ERA-Interim datasets. The NOAA/NESDIS snow cover extent showed no trend, but a slight 
downward trend, although not statistically significant, was found using the ERA-Interim. Similar 
results were found when winter months were considered separately. No agreement was found 
between the SCE time series of NOAA/NESDIS and ERA-Interim datasets that could be partly 
related to their different spatial resolutions and data source.  

Time variability analysis of the frequency of snow occurrences in DJFM season observed at 14 
selected stations also exhibited no evidence of trends. The mean DJFM temperature in most of the 
stations showed a slight tendency towards warmer periods, not statistically significant. The 
observed increasing trend was more pronounced in March at all stations, but still not statistically 
significant. The observed increasing trend of mean monthly temperature in March could be related 
to the observed decreasing trend of the SCE in the same month, as represented by ERA-Interim  

As stated by Madani et al. (2016), not statistically significant trend has been observed in average 
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precipitation over Iran during the past three decades. In line with this statement, the frequency of 
snow occurrences in different parts of the mountainous areas of Iran showed not statistically 
significant trend; time series are characterized by high-frequency fluctuations which make the snow 
occurrences at the selected stations highly variable and sites vulnerable to long-term snow deficit 
events.  

Many Iranian people and scientists believe that the amount and frequency of snow have changed 
in Iran due to the global warming and climate change. There is also a common perception among 
people that the air temperature in recent decades has increased in the country. Based on this 
perception, climate change is continuously blamed for inducing the increasing water scarcity in the 
country. It is also called into question for justifying and reasoning the rapid shrinkage of the Lake 
Urmia in northwestern Iran as well as the frequent occurrence of different environmental challenges 
such as droughts, air quality issues in major cities, dust storms and the extinction of some 
endangered species (Madani et al., 2016). However, in contrast to this common belief, neither a 
statistically increasing trend in the air temperature nor a decreasing trend in the frequency of snow 
days in Iran was found to justify such environmental problems.  

Although this study is considered as a preliminary research on snow variability in the country, 
results clearly suggest that no significant changes occurred in the air temperature and the number of 
snow days in the selected stations. Therefore, changes in precipitation, snow events, and air 
temperature, if any, seem to be not enough to explain the increasing water crises and related 
environmental problems in the country. The lack of agreement found between the NOAA/NESDIS 
and ERA-Interim data sets can be considered as a limitation of this study that needs further checks 
with other datasets and/or observations. The lack of ground snow depth measurements for the 
selected stations to be used in the analysis can be considered as the second major limitation of the 
study. Very likely, the snow depth data could better represent changes in the snow water equivalent 
in the country than the number of snow days used in the present analysis. An in-depth analysis of 
snow variability by taking into account the aforementioned limitations will be topic for future 
research. Furthermore, future efforts should be devoted to investigate the possible application of 
innovative sensors for monitoring dynamic changes of snow and ice, like radio-frequency 
identification (RFID) tags (e.g., Greco et al., 2015) or microwave mini-radar (e.g., Bertoldo et al., 
2015).       
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