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ABSTRACT: Background: Snow forms when tiny ice crystals in clouds
stick together to become snowflakes. If enough crystals stick together, they
become heavy enough to fall to the ground. Where background includes Precip-
itation falls as snow when the air temperature is below 2 °C (275.15 K). The
falling snow does begin to melt as soon as the temperature rises above freezing,
but as the melting process begins, the air around the snowflake is cold. It is a
myth that it needs to be below 0 °C (273.15) K to snow. Objective: In Iraq, the
heaviest snowfalls tend to occur when the air temperature is between (273.15-
275.15) K (0-2) °C. Methods: The data for this study, which includes Tem-
perature (T), Snow Albedo (SA), and Snow Density (SD) as monthly-daily
mean, taken from the European Center for Medium-Range Weather Forecasts
(ECMWF) for fifteen years from 2008 to 2022 for several selected stations
over northern Iraq. The method was to take the monthly rates of snow den-
sity, snow albedo, and temperature for the stations of Erbil, Sulaymaniyah,
Zakho, Dohuk, and Amadiyah, and the type of relationship and strength of
the connection between them was also known. Results: The study found an
inverse relationship between snow albedo and snow density across the selected
stations, indicating that an increase in snow density leads to a decrease in
snow albedo. Notably, Duhok City exhibited the strongest relationship between
snow albedo and density, with a regression coefficient of 0.9699 compared to
other regions. Conclusions: This study highlights the complex relationship
between snow albedo and density in northern Iraq. The strong correlation ob-
served in Duhok City suggests the importance of further research to understand
the factors influencing snow properties in this region.

KEYWORDS: Temperature; Snow albedo; Snow density; ECMWF; Climate
change

INTRODUCTION

S now is a type of precipitation in the form of fine ice crystals that occurs in the cold season,
but it does not occur in all countries of the world. Snow abundance and intensity increase as

move closer to the North and South poles [1], [2]. This phenomenon takes place at the convergence
of moist and warm air currents with cold currents whose temperature is 12.5 °C (285.65K) below 0
°C (273.15K), and for the formation of snow, the condensation nuclei on snow are very small solid
particles suspended in the upper atmosphere such as dust particles or ash, and when they exist, the
three conditions that enable steam to be available water is to transform from the gaseous state to the
solid state, forming ice [3].

This is done by the condensation of water molecules on the nucleus and because of their adhesion
to each other, an ice crystal is usually built, at this stage, it is a thin plate with six sides. If enough
crystals stick together, they will become heavy enough to fall to the ground. Snowflakes that slide
through moist air that is slightly warmer than 0 °C (273.15K) will melt around the edges and stick
together to produce large flakes [4]. The size and composition of a snowflake depend on how ice crystals
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group together and this will be determined by air temperatures. Snowflakes that fall through dry,
cool air will be small, powdery snowflakes that don’t stick together. This ’dry’ snow is ideal for snow
sports but is more likely to drift in windy weather [5]. The previous study shows the relationship
between snow reflection and snow density as the snow reflects effect is found to be active before,
and especially during, the snowmelt periods, and regions of strong albedo-taken conjunction move
northward during springs, with the degradation edges of the snowpack in the Northern Hemisphere
[6]. Changes in surface reflection influence the measurement results of air temperatures and in the
case of sensors above a snow cover surface, this effect is amplified due to the high amount of radiation
reflected [7].

Types of Snow
There are two types of snow classified according to references [8], [9] to the following forms:

1 Dry Ice

Also called powder snow, skiers consider it the perfect snow. Dry snow generally falls when the weather
is very cold, with temperatures below zero degrees Celsius (273.15 K), such as in the mountains. Since
it does not contain any liquid water, this ice crystal is very light and does not stick together.

2 Wet Snow

This type of snow falls frequently on the plains when temperatures are slightly positive, and because
it contains little liquid water, it sticks easily to anything it touches, often causing disruptions to
air, rail, and road traffic. Since this wet snow is also heavy, it can cause serious damage when it
piles up [10], [11].

MATERIALS AND METHODS
Data Sources and Statistical Analysis

The work was carried out using daily data of temperatures, snow albedo, and snow density for
fifteen years from 2008 to 2022 (00:00 AM) over northern Iraqi cities (Zakho, Amadiyah, Duhook,
Erbil, and Sulaymaniyah) as shown in Table 1 and Figure 1 [12]. These data are driven by (ECMWF)
where Iraq’s climate is characterized by a desert and semi-desert nature, which is represented by high
temperatures and evaporation in the summer in the southern region, rainfall and low temperatures,
and a rise in relative humidity in winter in the northern region [13]. To calculate the monthly and
annual behavior of snow albedo, snow density, and temperature testing the strength of the relationship
between them using linear regression [14].

Table 1. Information on the Iraqi Meteorological stations
Station Latitude Longitude Elevation in meters
Zakho 37˚08�37�N 42˚40�54�E 440

Amadiyah 37˚05�33�N 43˚29�14�E 1200
Duhook 36˚52�00�N 43˚00�00�E 565

Erbil 36˚19�11�N 44˚00�91�E 390
Sulaymaniyah 35˚33�26�N 45˚26�08�E 882
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Figure 1. Iraq map with study sites

RESULTS AND DISCUSSION
Monthly Mean of the T, SA, and SD

Figures 2, 3 and 4 show the monthly means of T, SA, and SD in Zakho city for the period 2008-
2022, SA observed high during November, and SD was high during January, while the temperature was
high during July and August. In Amadiyah city, SA observed high during July, SD was high during
January and March, and the temperature (T) was high during July and August. In Duhook city, SA
observed a high during July, SD was high during January and February, and the temperature was high
during July and August, In Erbil city, SA observed high during July, SD was high during January
and November, and the temperature was high during July and August. In Sulaymaniyah City, SA
was observed high during January and November, SD was high during January and February, and the
temperature was high during July and August. This was due to stress devices, atmospheric cyclones,
astronomical factors, and regional quality near Turkey’s boundaries and Mountainous regions that
help form snow clouds.
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Figure 2. Monthly daily mean of the temperature in study stations for fifteen years

Figure 3. Monthly- daily mean of the SA in study stations for fifteen years
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Figure 4. Monthly- daily mean of the SD in study stations for fifteen years

Relationship between the SA and SD
Figure 5 shows the type of relation and the intensity of the connection between snow albedo and

snow density over study stations for the period 2008 to 2022. The results showed that the relationship
was reversal because an increase in snow density leads to a decrease in snow albedo. The snow clouds
depend on the altitude, density, and water content of the cloud temperature are low, and there is
moisture in the atmosphere. That is why the relationship between clouds and meteorological effects,
is very important.
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Figure 5. The relationship between the SA and SD over study stations for the period 2008 -2022

Annual mean Behavior of the T, SA, and SD
Figures 6, 7 and 8 show the largest value of snow albedo, snow density, and temperature that

occurred for Zakho station where the years (2016, 2018, and 2021). The largest value of snow albedo,
snow density, and temperature occurred for Amadiyah station where the years (2010, 2013, and
2021). The largest value of snow albedo, snow density, and temperature occurred for Duhook station
where was (2016, 2018, and 2022). The largest value of snow albedo, snow density, and temperature
occurred for Erbil station where the years (2011, 2016, and 2018). The largest value of snow albedo,
snow density, and temperature occurred for Sulaymaniyah station where the years (2008, 2010, and
2018). According to atmospheric and astronomical factors, climatic changes, and the nature of the
surface also or near or far from water regions Pressure systems, and wind blow systems. The albedo
of snow varies with the age of the snow but is considerably higher than the albedo of most natural
surfaces. Therefore, because of the seasonal changes in the extent of snow cover, the albedo of the
surface of the Earth varies from season to season. Snow strongly reflects visible and near-infrared
light that is it has a high albedo.
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Figure 6. Annual mean temperature for study stations

Figure 7. The annual mean of SA for study stations
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Figure 8. The annual mean of SD for study stations

CONCLUSION
The relationship between snow albedo and snow density is inverse. In Zakho station, the snow
albedo was observed high during November, and snow density was high during January, while the
temperature was high during July and August. In Amadiyah station, the snow albedo was observed
high during July month, and snow density was high during January and March, while the temperature
was high during July and August. In Duhook station, snow albedo was observed high during July,
and snow density was high during January and February, while the temperature was high during
July and August. In Erbil station, snow albedo was observed high during July, and snow density
was high during January and November. In Sulaymaniyah station, snow albedo was observed high
during January and November, and snow density was high during January and February, while the
temperature was high during July and August.
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