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Abstract

In observing the effects of global climate change on Turkey, it is important to determine the frequency of
snowfall and its spatial distribution. This study concerns the spatial distribution of snowy days in Turkey
utilizing measurements provided by the Turkish State Meteorological Service. The homogeneity of 217 station-
specific and constructed data was analyzed using Kruskal-Wallis Test. The longest data sets are 75 years old
covering the years 1932-2006 while the shortest is 25 year-old data covering 1982-2006. Figures were mapped
with GIS taking the mean values and variability coefficients of the long-term data from the stations. The factors
that affect spatial distribution and variance of snowfall days in Turkey are location, continentality, altitude and
exposure. The snowfall observed in most of the northeast Anatolia stations decreases to the south and west.
Due to local climatic conditions, snowy days increase in Edirne and Kastamonu, while Igdir and Malatya
decrease towards the periphery. This introductory study on the climatology of snowfall days in Turkey is
considered a guide for handling data, taking precautions, and creating solutions. The study’s findings will serve
as a basis for interpreting the results of future studies.
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Introduction

Global warming as a result of human
interaction with the environment (Tiirkes,
2008a-b) and the resulting aridification and
drought are among the main problems for
which solutions are sought. Therefore,
determining the characteristics of snowfall in
Turkey and its spatial distribution has become a
necessity on the scientific agenda, as snowfall
is one of the components making up the natural
environment, with an important role in the
Water Cycle. By exploring the characteristics
of snowfall, it will be easier to understand the
natural environment and explain its interaction
with the social environment.

countries most susceptible to climate change.
Different regions will be affected in different
ways and at different levels by global warming
due to orographic characteristics and the fact
that it is surrounded by seas on three sides and
has a fragmented topography (Tiirkes, 2001;
Oztiirk, 2002). For this reason, short-term
forecasting of weather events is very important.
In turn, this is dependent on accurate
information on atmospheric conditions (Tiirkes,
2008a). Therefore, in terms of understanding
climatic features and revealing the extent of
climate change, it is necessary to know the
spatial dispersion of snow climatology.

Previous studies have tended to concentrate
on snow depth and snow cover but none

In climatology, the observation, recording, have included research on snowfall days.
analysis and interpretation of snow Older studies on snowfall are general,
meteorology is difficult due to the many covering all of Turkey, while current studies
physical factors affecting snowfall, such as have a much narrower scope.  The
distance from the sea, altitude, orography and results of studies previously carried out
orientation (Giirer, 1992). Because of its regarding the spatial distribution of
location and multi-component climatic snowfall, both in Turkey and worldwide,
environment, Turkey is one of the are discussed in brief below:
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Klein (1949) evaluated observations of snowfall
in Canada and emphasized that snowfall in
Canada showed both spatial and seasonal
variations. Ongor (1955) provided
methodological information on how
observations of snowfall were carried out and
how this data could be evaluated. Ering (1957)
provided information on the measurement of
snow as a climatic element and how snowfall
and the characteristics of snow were
interpreted, providing the first study of these
features covering the whole of Turkey. Onur
(1964) examined snowfall days, days with snow
cover and snow depth throughout Turkey using
data from the period 1930-1958. In the study of
Giirer (1992), the processes of measurement,
data collection, correction of measurement
errors, analyses, synthesis and application were
explained together with the then- existing snow
observation network, places of measurement,
correlation between different measurements,
and various types of instruments were
introduced and examined. In his study on the
general application of snowfall observation
methods, Crurch (1933) detailed snowfall
observation practices in Canada. Barry et al.
(1995) underlined the possibility of changes in
the characteristics of snow cover due to global
warming as a result of the increase in
greenhouse gases in the 20™ century. Brown
(2000) discussed the variance in snow cover
between 1915 and 1997 using snow cover data
in the northern hemisphere between the 40™
and 60" parallels covering the USA, SSCB and
China. Akylirek and Sorman (2002) studied the
features of snow cover in the upper section of
the Euphrates River Basin utilizing data
obtained by satellites. Laternser and Schneebeli
(2003) researched the variance in average snow
depth, days with snow cover and snowfall days
in the Swiss Alps 1931-1999. It was observed
that there was a gradual increase in snowfall
until the beginning of the 1980s, especially
during the 1950s and 1970s; however, a
statistically significant decrease was observed
from the beginning of the 1980s to the end of
the century.

On the other hand, snow studies by
Turkish State Meteorological Service
(TSMS)  (Commission, 1970) included only

snow cover measurements but did not
explore snowfall days. Turkey has never
been assessed within the scope of worldwide
studies or as part of the

northern hemisphere or Eurasia. Research
studies conducted by Ko¢ and Kartum (2008
and 2011), Kartum and Kog (2009) and Kartum,
Kog¢ and Tiirkes (2011) are an introduction to
snowfall days climatology in Turkey. Kog¢ and
Kartum (2008) examined the characteristics and
spatial distribution of snowy days in Turkey
with maps prepared according to season.
Kartum and Kog (2009) investigated spatial and
temporal changes to snowfall in Thrace. They
detected a decreasing trend of snowy days at all
stations in  winter  (December-January-
February). This was found to be statistically
significant especially in Kirklareli and
Liileburgaz. Ko¢ and Kartum (2011)
investigated how snowy days reveal their
progress over time in a study entitled "Temporal
change characteristics of snowfall days in
Turkey". They noted a predominantly
decreasing tendency in stations on snowy days
over the long-term. Kartum, Ko¢ and Tiirkes
(2011) investigated changes and trends
observed at the beginning and end dates of
snowfall in Turkey. The study detected
significant decreases in snowy periods in
general terms.

In this study, we attempt to determine the
spatial distribution of snowfall days in Turkey,
which is among the countries that could be
extensively affected by global warming. For
this purpose, maps were produced after
statistical analysis of the data had been
completed. It was observed that spatial
differentiation is prominent on snowfall days
and this differentiation is shaped by Turkey's
location and physical geographical features. It
is thought that this study will contribute to an
understanding of the Turkish climate in general
and specifically, the features of Turkey’s snow
climatology. Furthermore, it aims to provide
basic data that is currently lacking for the
sustainable management of water resources.

Materials and Methods

In this study, data on snowfall days provided by
Turkish State Meteorological Service (TSMS)
were utilized. The data cover the period from
when measurements were first made to the end
of 2006. Snowfall data obtained from 280
meteorological stations of TSMS were
examined; observation times and data were
obtained paying special attention that the rate of
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missing data did not exceed 5%. In this way,
219 stations were determined as appropriate for
use in the study. The longest period of
observation at these stations was 75 years while
the shortest period was 25 years. The
observation periods were grouped into 5-year
intervals. Because of homogeneity analysis
tests applied to the stations, Nallthan and
Uzunkdprii stations, whose homogeneities were
disrupted, were eliminated. At this stage, the
total number of stations whose data could be
used was 186. Balikesir station, although
measurements continued only until 1998, was
then included due to its long observation period
(55 years).

Moreover, Kartal and Trabzon stations, which
made observations until 2004 and 2005,
respectively, were included in the study due to
the regularity of their data. At this point, the
Mediterranean and Aegean regions appeared
empty on the map generated since
measurements in these regions were not regular
and the rate of missing data was over 5% for
both regions. In order to correct the visual
deficiency caused by this, we attempted to give
a general perspective using short-term data
from 31 stations. In total, therefore, 217 stations
were included within the scope of the study

(Fig. 1).
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Fig 1. Geographical distribution of the 217 climatological and meteorological stations (mostly major
climatology and synoptic meteorology) in Turkey included in the study.

In order to determine the homogeneity of the
data on snowfall days, Kruskal-Wallis
Homogeneity Test was applied, which is a
nonparametric test used to verify the
homogeneity of averages and variations.
Instead of the real observations in each series
being analyzed in the Test, sequence numbers
(m) in the total sequenced series generated by
consecutive ordering from largest to smallest
are used (Tirkes, 2004).

Test sample value X is calculated with the
following equation:
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Before calculating the test sample value, it
should be checked by this equation to see
whether the R; value is valid or not (Tiirkes
2004):

k
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In order to examine the homogeneity of

averages, the hypotheses below were
considered:

Ho=the average of the observation series is
homogeneous.

H,=the average of the observation series is not
homogeneous.

Under the null hypothesis that averages are
homogeneous, X, sample value, with (k-1)
degree of freedom, is distributed as (x). The
acceptance or refusal of the null hypothesis is
dependent on the critical value of y’, which is
found from the y’ table according to f= (k-1)
degree of freedom at the requested level of
significance [a= 0.05 (5%) or 0= 0.01 (1%)]
The null hypothesis is rejected for an X greater
value (X, > ).

If some of the original values in the total
sequenced series are equal, the Xy test sample
value should be corrected by being divided by
the adjustment coefficient, calculated with the
following equation:

Cc:l—;
n—n

Here, ZT ,

T= (3 -t) *K

gives us the totality of all groups of equal values
given that (t) is the number of equal values in a
group of equal values (Tiirkes, 2004). Thereby, as
a result of analysis based on monthly totals of
snowfall days in Turkey, 25 stations with non-
homogeneous data were determined.

The simultaneous occurrence of data set
homogeneity break points suggests that these
are natural fractures in the climate. These dates

were first examined with the SPI drought index, in

addition to climate indicators such as mean
temperature and precipitation normals (1981-
2010), teleconnection oscillations and seawater
temperature were found to be compatible
(Demircan et al., 2015).

After determination of stations that could be
used in the study, the seasonal and annual
arithmetic averages of snowfall days were
calculated. Geographical Information Systems
(GIS) maps were prepared and spatial
distribution was plotted. During the preparation
of these spatial distribution maps of the
snowfall days in Turkey, raster maps (0.01
degrees) consisting of 1 km” grids were created

with GIS. Making use of this, raster maps of
equal snowfall days were created.

We aimed to identify the average snowfall days
(seasonal and annual) and hence determine the
distribution. By calculating the coefficient of
variability of snowfall days in Turkey
(seasonally and annually), the persistence of
snowfall was determined. Then, these results
were mapped one by one. If the standard
deviations of the series compared are expressed
as a percentage of the average values of the
series to which they are related, the differences
of units of measurement in comparisons and
inconveniences stemming from the size of the
observation value can be avoided. The measure
of variability calculated with this approach is
called coefficient of variation, abbreviated as
“CV” (Ylizer et al., 2003).

v (x)=2*100

X
Results

In this section, in addition to seasonal (winter-
spring-summer-autumn) analysis
and evaluation, a separate analysis of
the winter period (November — December
— January - February — March) and an
annual analysis are presented.

Winter

The areas where the number of snowfall days is
highest in the winter months (December-
January-February) are as follows: The eastern
Black Sea mountains, northeastern Anatolian
plateau; Tahtali-Mercan mountain ranges
(Anatolian Diagonal), Taurus Mountains and
areas around Hakkari. The mountainous
regions where the number of snowfall days is
high extend westwards with the western Black
Sea mountains (significant especially around
Kastamonu). The central-western Anatolian
plateaus are also areas where the number of
snowfall days increases. In addition to the high
number of snowfall days in mountainous
regions, a significant increase in the number of
snowfall days on single mountains was
determined compared to the surrounding areas,
as in the case of Mount Uludag (40 days at the
mountain station) (Fig. 2).
A decrease in the number of snowfall days was
observed in areas at a lower altitude, such as
Igdir Plain, Malatya-Elazig region (Keban Dam
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and its surroundings) and the Lake Van region,
compared to the surrounding regions with a
higher number of snowfall days (Fig. 2).
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Fig 2. Spatial distribution of snowy days in 3-month winter season: long-term average number of

days.

Little or no snowfall was observed in the
coastal strips of the Mediterranean and Aegean
regions. Although the southeastern Anatolian
region is located at the same latitude as the
Mediterranean region, it is noteworthy for
having more snowfall days comparatively
because of the continentality effect (Fig. 2). In
Thrace, although the altitude is not high, an
increase was observed under the influence of
continentality. It is thought that Edirne
province, its surroundings and the Yildiz
Mountains are the areas first affected by mobile
depressions coming from the northwest after
passing through eastern Europe, which
increases the number of snowfall days in this
region. Although the number of snowfall days
increases in the coastal strip of the western
section of the Black Sea region, it decreases in
the central Black Sea section. Exposure and
altitude are thought to be the factors leading to
more snowfall in higher regions facing the
northwest. The increase in the number of
snowfall days in the transition zone from the
eastern Black Sea coastal area to eastern
Anatolia can also be explained by the existence
of eastern Anatolian mountains, with an altitude
of more than 4000 meters.
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An increase in the number of snowfall days was
observed in the eastern Taurus Mountains
surrounding the Gulf of Antalya (Fig. 2). In
addition to this, the increase in the number of
snowfall days (30) in the Geyik Mountains to
the east of the Gulf of Antalya is believed to
stem from precipitation, which increases due to
exposure taking the form of rain in the coastal
strip, and transforms into snow at higher
altitudes (the mountains extend in a northwest-
southeast direction forming a barrier against
mobile  depressions coming from the
southwest).

In Figure 3, the spatial distribution of the
coefficient of variation of snowfall days in
Turkey is shown. It can be seen that there is a
significant  increase  from  northeast to
southwest. In areas where factors increasing the
probability of snowfall days (location,
continentality, altitude and exposure) are more
effective, the coefficient of variation of the
number of snowfall days decreases, while this
increases under opposite conditions. As a result,
variation  increases ~ were  observed in
northeastern Anatolia while variation decreased
in southwestern Anatolia. In Figure 3, in
addition to the peak regions of northeastern and
southwestern Anatolia, the situation of other
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areas is shown, in order of importance, in
relation to the factors of continentality, altitude,
location and exposure.
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Fig 3. Spatial distribution of snowy days in 3-month winter season: coefficient of variation (%).

Winter Period

While the distribution map of snowfall days in
Turkey during the extended winter period
(November-December-January-February-
March) shows a numerical increase compared
to the winter season only (December-January-
February), it parallels the situation in terms of
spatial distribution characteristics (Figs. 2 and
4). Numerical increases are related to the
addition of the numerical values of autumn's
last month (November), and spring's first month
(March) to the winter period map. From this
perspective, the winter period reflects the
snowfall period more effectively. In this period,
Mt. Uludag receives special attention as an area
where the highest number of snowfall days is
observed. With the inclusion of the autumn and
spring months, the number of snowfall days
observed in Uludag Station increases by 20
days, underlying the importance of snowfall
days in those seasons. Similarly, there is an
increase of 20 days in eastern Anatolia, leading
to a total of 55days (Fig. 4). In a similar
manner, increases are observed along the whole
of the Black Sea region. Areas that experience

important increases in the number of snowfall
days with the inclusion of autumn and spring
are areas that have the highest number of
snowfall days. In these regions, snowfall days
in autumn and spring are as important as
snowfall days in winter. Another important
point is the fact that in areas where the number
of snowfall days is low, the addition of autumn
and spring months has almost no effect. It can
be concluded that the probability of snowfall in
autumn and spring is very low in such areas.

When the spatial distribution of the coefficient
of variation on snowfall days in the winter
period is evaluated, a significant increase is
noticed moving from the northeast toward the
southwest. The map for the winter period also
indicates that in areas where factors increasing
the probability of snowfall days (location,
continentality, altitude and exposure) are more
effective, the coefficient of variation of the
number of snowfall days decreases, while it
increases under opposite conditions (Fig. 5).
Similarly, variation increases were observed in
northeastern Anatolia while variation decreased
in southwestern Anatolia.
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Fig 4. Spatial distribution of snowy days in 5-month winter period: long-term average number of

days.
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Fig 5. Spatial distribution of snowy days in 5-month winter period: coefficient of variation (%).

Spring

The spring (March-April-May) season is
observed as a milder continuation of winter in
eastern Anatolia and in regions of high altitude.
As mentioned in Kog’s (1999) study, seasons
determined by mathematical methods do not
reflect the natural seasons experienced in every
region or area. For this reason, although the
distribution of snowfall days in spring in
Turkey shares similarities with winter, the
number of snowfall days recorded at
metereological stations in eastern Anatolia
decreases from 35 to 24. Snowfall days in
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spring are intense in the following locations:
the eastern Black Sea mountains, northeastern
Anatolian plateau, Tahtali-Mercan mountain
ranges (Anatolian Diagonal), Taurus Mountains
and areas around Hakkari (Fig. 6). While the
number of snowfall days in the Aegean and
Mediterranean regions was recorded as zero,
the number tends to increase in southeastern
Anatolia in spring compared to winter. Another
interesting point is the distribution in central-
western Anatolia, where the number of
snowfall days is 5 days in winter; and this
figure acts as a border with the neighbouring
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Aegean region. In spring this border moves
toward the inner parts of central-western
Anatolia and the number of snowfall days
decreases to 3 (Fig. 6).
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Fig 6. Spatial distribution of snowy days in 3-month spring season: long-term average number of

days.

In Figure 7, showing the spatial distribution of
the coefficient of variation of snowfall days in
Turkey, a significant increase from northeast
toward the southeast is striking. Since the effect
of factors increasing the probability of snowfall
days  (location, continentality, altitude,
exposure) did not change, there were no

267 28° 30° 32° 34°
1 1 L

important differences on the maps in the
coefficient of wvariance. As a result, the
variation decreases in northeastern Anatolia
while it increases in southwestern Anatolia.
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Fig 7. Spatial distribution of snowy days in 3-month spring season: coefficient of variation (%).

Summer
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Summer (June-July-August) is a period difficult
to explain in terms of the number of snowfall
days because generally, no snowfall is observed
anywhere in Turkey during this season.
Nevertheless, incidental snowfall observations
made in the stations of Uludag and the eastern
Anatolian region resulted in very low averages
for these areas.

Autumn

After summer, autumn (September-October-
November) is the season during which the
lowest number of snowfall days is observed.
When compared to spring, we can link this to
the fact that the surface temperature does not
drop much in autumn. It can be claimed that in
Turkey, summer appears to extend its effect
into autumn. In autumn, the highest score is for
the Uludag station with 12 days while the
highest score in eastern Anatolia was measured
as 9 days (Fig. 8). The Aegean, Mediterranean

26° 28° 30° 32 340

1

and south Anatolian regions have the same
outlook as these areas where observations of
zero (0) days are generally dominant (Fig. 8). In
the western part of central Anatolia, the number
of snowfall days, which is 5 in winter,
decreases to 3 days in spring and less than 2
days in autumn. As a result, in this season the
borderline of snowfall days moves further to
the west. Though there is a decrease of the
coefficient of variance of snowfall days in
Turkey from southeast to northwest, in a
manner similar to the general picture; since
there are no reasons for change in the Aegean
and Mediterranean regions, the value in these
regions is zero (0). In the Taurus Mountains
zone, which is just behind this line, the
variation increased, and due to changes over
short distances, the lines for the coefficient of
variance gain a sudden intensity (Fig. 9).
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Fig 8. Spatial distribution of snowy days in 3-month autumn season: long-term average number of

days.
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Fig 9. Spatial distribution of snowy days in 3-month autumn season: coefficient of variation (%).

Annual

Although the determination of mathematical
seasons is based on 4-month periods,
mathematical seasons sometimes do not reflect
the natural seasons as experienced in reality. In
determining the natural seasons, the factors
which may cause change in the characteristics
of the season in reality include latitude pressure
systems, air masses, continentality (continental
vs. maritime climate), air temperature types,
location, altitude and exposure (Kog
1999).When looked at from this perspective,
Turkey, as a country where physical geographic
features exhibit significant changes over short
distances, does not experience all four seasons.
Depending on unique conditions in some areas,
spring has the features of being a continuation
of winter, and in some areas winter is the
continuation of autumn. There is an interesting
resemblance between Turkey’s annual snowfall
days distribution map and the winter snowfall
days distribution map. Hence, it is considered
that the annual map is the one most affected
and represents results obtained in winter (Fig.
10).

In the annual map, the highest number of
snowfall days is observed in the following
areas: The eastern Black Sea mountains,
northeastern Anatolian plateau, Tahtali-Mercan
mountain ranges (Anatolian Diagonal), Taurus
Mountains and areas near Hakkari (Fig. 10).
The mountainous regions where the number of
snowfall days is high extend westwards with

the western Black Sea mountains and become
significant especially in Kastamonu and its
environs. Central-western Anatolian plateaus
are also areas where the number of snowfall
days increases.

Regarding annual distribution, the coastal
strips of the Mediterranean and Aegean
were also determined as areas where little
or no snowfall is observed. The
southeastern ~ Anatolian region is notable as
an area where the number of snowfall days
increases, compared to the Mediterranean and
Aegean regions, due to its continental climate
(Fig. 10).

As mentioned, the increase in the number of
snowfall days in the Taurus Mountains and its
surroundings is thought to be the result of
increased precipitation due to exposure, which
takes the form of rain in the coastal strip and
snow at high altitudes (Fig. 10).
In Figure 11, which presents the annual
spatial distribution of the coefficient of
variation of snowfall days, a significant
increase is observed from the northeast
toward the south west, similar to that
experienced in all seasons in Turkey. In a
similar fashion, in areas where factors
increasing the probability of snowfall
(location, continentality, altitude, exposure) are
more effective, it is observed that the

coefficient of wvariation of the number
of snowfall days decreases, while this
coefficient of wvariation increases under

opposite conditions (Fig. 11).
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Fig 10. Spatial distribution of annual snowy days in Turkey: long-term average number of days.
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Fig 11. Spatial distribution of annual snowy days in Turkey: coefficient of variation (%).

Conclusion

An appraisal of the snow climatology is
essential for an understanding of the climatic
characteristics in Turkey, where there is a lack
of up-to-date and reliable analysis on snow
climatology. As a starting point to rectify this
deficiency, we attempted to identify the
characteristics of snowfall days. In this study,
based on daily data, the seasonal and annual
snowfall days and their coefficients of variance
were determined. In preparation of the data, it
was found that, in terms of spatial distribution,
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the number of snowfall days increases from
west to east and from south to north. When
local conditions are taken into account, it is
observed that in some specific areas in the west
(e.g. Mt. Uludag) the number of snowfall days
is higher compared to some areas in the east
(e.g. Igdir), contrary to what is generally
expected. Moreover, since the air masses
causing snowfall approach Turkey from the
northern part of the country, the northern slopes
of northern mountains receive more snowfall
while the lower parts and southern slopes are
less affected by these air masses.
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The conclusions of the
summarized as below:

a. The factors that control the spatial
distribution and variance of snowfall days in
Turkey are, in order of importance, location,
continentality, altitude and exposure.

b. The period that reflects best the spatial
distribution of snowfall days in Turkey and the
coefficient of variance is the winter period. The
characteristics of this period can be stated as
follows: Distribution of snowfall days increases
from the southeast toward the northwest and
elevated values are occasionally observed on
high mountains. In line with this, the
coefficients of variance decrease from northeast
to southwest.

c¢. It is not possible to make a healthy analysis
of snowfall days in summer and their
coefficients of variance.

d. Especially in eastern and central Anatolia,
the spring season may be characterized as a
continuation of winter.

e. Although snowfall started to be observed in
northeastern Anatolia and areas of high altitude
in autumn, where the factors that increase the
possibility of snowfall are stronger, the
coefficient of variation is high in these places.
Since no snowfall is observed in areas toward
the Mediterranean region in this season, the
coefficient of variation is low.

study may be
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