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Abstract: The present study is about the analysis of mean, mean maximum and mean minimum temperatures
carried out on annual, seasonal and monthly time-scales examining the data from 8 meteorological stations in
Istanbul for the period 1975-2006. Various spatial and statistical tools were used to display and analyze trends
in temperature data. ArcGIS was used to produce the spatially distributed temperature data by using Thiessen
method. The non-parametric Mann-Kendall test was used to determine whether there is a positive or negative
trend in data with their statistical significance. Sen’s method was also used to determine the magnitude of the
trends. The results reveal positive trends in annual mean and mean maximum temperatures with 95% and 99%
significance. Annual mean temperatures increased 0.83°C while annual mean maximum temperatures increased
1.6°C over the 32-years period in Istanbul. On a seasonal basis, a statistically significant positive trend was
observed in summer. On a monthly basis, July and August has experienced significant warming trend in mean,
maximum and minimum temperatures. The analysis of the whole record reveals a tendency towards warmer
years, with significantly warmer summer, spring and autumn periods and slightly colder winters. These warming
patterns may have important impacts on energy consumption, water supply, human health and natural
environment in Istanbul.

Key words: Thiessen polygon  Temperature  Mann-Kendall

INTRODUCTION body established in 1988. According to IPCC’s recent

The world has been witnessing the effects of global increased by 0.13 °C (± 0.03°C) per decade over the last 50
warming in many different areas during the last century. years [9]. As estimated in many studies, global
Rising sea levels, glacier and snow cover retreat and temperature increased 0.8°C in the past century and the
changing patterns of agriculture are among the many warming was not continuous but occurred principally
consequences  which  are  attributed  to  global  warming during 1920-45 and after 1975 [10,11,12]. Cooling was
[1-4]. The increase in global surface temperature and its significant during the intervening period (1945-75)
direct and indirect effects have already caused many especially for North America, the Arctic and Africa [10].
widespread social, economic and environmental problems Analysis of worldwide air temperature changes have
throughout the world. Changing patterns and timing of also shown that temperature has increased in both
extreme weather events such as tropical cyclones, hemispheres over the last century; however,  warming
expansion of contagious diseases and increasing duration was  more  dominant  in the Northern Hemisphere since
of heat waves have been cited  among  negative  effects the 1950s [12]. Many regional studies have also found a
of global warming on human life in many studies [5-8]. positive trend in temperature although the changes

Studies on monitoring global and regional slightly vary from one region to another [13-21]. As
temperature change have intensified over the last few Zhang et al. [22] indicated, the annual mean temperature
decades because global and regional effects of global has increased between 0.5 and 1.58°C in the southern
warming became apparent. One of the most important regions of Canada in the 20th century. A strong warming
associations providing data on global temperature trend of +0.08°C ± 0.03°C per decade was detected over
changes is the Intergovernmental Panel on Climate Europe within the 20th century with the highest increase
Change (IPCC) which is a scientific intergovernmental as 0.43°C over the last 30 years [14].

report, the global average surface air temperature has
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Analysis of temperature data throughout the world For this reason, mean, maximum and minimum temperature
has shown that change was not only observed in mean changes have to be analyzed regionally in Turkey by
annual temperature but also in seasonal, monthly and using different methods in order to understand the trends
minimum-maximum temperatures. As Pielke et al. [23] in temperature and make correct predictions for future
stated, minimum temperatures have risen about 50% faster temperature changes.
than maximum temperatures globally since 1950. Winter Understanding of climate change requires a careful
minimum and maximum temperatures significantly examination and interpretation of climatic data to see if
increased in USA, Europe and many parts of Asia while there is a change in the average of the data in a given time
small increase was observed on minimum and maximum period. Several parametric and non-parametric statistical
temperatures during the summer [24]. The highest data processing methods are used to analyze trends in
increases in temperature were found in winter in the climate change studies. Sequential Mann–Kendall trend
interior region of Alaska as 2.2°C within the last 50 years test, Sen’s slope estimator and Spearman’s rank–order
[22]. correlation tests are used to analyze the direction and

Mediterranean region is among the most affected magnitude of possible trends in temporal observed data
areas in the world from global warming. Studies on global [55, 56, 57, 58]. Many researchers used Mann-Kendall
warming in the Mediterranean basin indicate that the rise tests to identify trends in hydrologic variables such as
in temperature which intensified over the last few decades river flow, sediments and meteorological variables such as
increased the potential evapotranspiration, water deficit temperature and precipitation in many studies [59, 60, 61,
and forest fire risk [25]. Brunet et al. [17] studied 62, 29, 63]. The purpose of this study is to analyze trends
temperature variability in Spain during 1850-2005 and in annual, seasonal and monthly mean, minimum and
found a significant warming of 0.10°C per decade for the maximum temperatures in Istanbul for 32 years time period
annual mean temperature. According to the same study, (1975-2006) by using Mann-Kendall non-parametric test
average autumn and winter temperatures have increased and Sen’s method applied on spatially distributed
slightly more than spring and summer temperatures. monthly temperature data produced by Thiessen polygon
Founda et al. [15] studied mean, maximum and minimum method.
temperature in Athens from 1897 to 2001 and concluded
that an increase of 1.23 and 0.34°C has been observed in Study Area: Study area is the financial capital of Turkey,
the mean summer and mean winter temperature Istanbul, with its population over 12 million [64]. The city
respectively. A significant increase has also been is located in northwest Turkey along both sides of the
observed for both warm and cold seasons in the same Bosphorus, where the western side of the city is in Europe
study between 1992 and 2001. and its eastern side is in Asia (Fig. 1). It is located

A number of studies used different methods and between 40° 48'– 41° 36' N latitudes and 27° 58'–29° 56' E
predicted the changes in average, maximum and minimum longitudes. Istanbul covers a surface area of 5,390 km2
temperature in Turkey with changing patterns from region with 32 sub-provinces administered by the Istanbul
to region [26-32]. Turke et al. [26] had found cooling in Metropolitan Municipality. Istanbul is surrounded by
many stations of Turkey during the second half of the Black Sea in the north and Sea of Marmara in the south.
20th century. However, as Tayanc et al. [31] indicated, These two water bodies along with the Mediterranean Sea
almost all parts of Turkey experienced a warming trend determine the climatic characteristics of the region. The
over the last half century except for the northern parts. A climate of the city shows a transition between the
more  widespread  significant  warming trend was reported Mediterranean and temperate climates characterized by
in the minimum temperatures in the southern, western and cool and wet winters and warm and humid summers [65].
continental parts of Turkey in the same study. Black Sea The average annual temperature is 13.7°C with daily mean
region, however, has experienced a cooling period from temperature 6.3°C in winter and 22.4°C in summer [66].
1975 to 1993, but a warmer period from 1994 to 2007 [30]. According to data taken Florya Meteorological station
As seen in some recent studies, predicting the change in which is located in the south, the hottest months are July
annual, seasonal mean, maximum and minimum (23.2°C) and August (23.7°C) while the coldest months are
temperatures  for  the  whole   Turkey   is  problematic January (5.3°C) and February (5.5°C) [66]. Total annual
since  different  trends  are   observed   in   different precipitation is 734 mm in the city [67]. Like temperature,
climatic    regions      of      the      country    [26,30,31,33]. the  amount  of  precipitation varies from south to north.
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Fig. 1: Study area map

The total annual precipitation is over 1.000 mm in the include precipitation-elevation analysis, isohyets
north while it decreases towards Sea of Marmara in the mapping, [44, 37] and Thiessen’s [36]. Topographical
south below 600mm [67]. The topography in European methods include the correlation of point climate data
and Asian sides of the city is characterized by low obtained from topographic and synoptic parameters such
plateaus. Average elevation of the area is between 150 as slope, exposure, elevation, the location of barriers,
and 200 meters, though some mountains are higher than wind speed and direction [45, 46, 38, 47]. Numerical
500 meters. The elevation decreases from north to south methods are the most attempted methods in order to
in general over Istanbul. Rapid increase in population and estimate spatial distribution of climate data over the last
urbanization has resulted significant changes in land years. Optimal interpolation [48], kriging and its variants
cover of the city especially over the last fifty years. Being [41] and smoothing splines [39] are examples in numerical
located mostly in the northern parts, forest areas cover methods.
37.3% of the total surface are of the city while urban areas In Thiessen method, each meteorological station is
account for 14.3% [68]. weighted in direct proportion based on its area in the total

Methodology: Estimating the spatial distribution of other local physical characteristics. In this method, it is
climatic data has become an important part of studies accepted that the area defined by each meteorological
helping to understand climate change and its effects station is closer to that station than to any other station
throughout the world [34]. While many of the studies over the study area. The Polygons that represent the
analyze climatic data in local meteorological stations, influence area for each station are created by connecting
spatial distribution of climatic data is produced by the intersections of perpendicular bisectors of lines that
estimating data at non monitored locations based on are drawn between stations. The spatial distribution of
registered values at neighboring sites [34]. Different climatic data is calculated by multiplying the climate data
methods were proposed in several studies to estimate of each station with their areal ratio over total area. Many
spatial distribution of climatic data mainly precipitation researchers used Thiessen method to estimate the spatial
and temperatures [36-43, 34]. The methods which are distribution of precipitation and temperature in several
commonly used to present spatial distribution of climatic studies [49-53]. This method can be used for the areas
data can be classified into three main groups; graphical, which have insignificant topographic differences and
topographical and numerical [42]. Graphical methods inadequate meteorological station density.

area of region without consideration of topography or
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Fig. 2: Thiessen Polygon over study area

Several spatial and statistical methods were used in
the study to produce spatially distributed temperature
data and to detect the trend on annual, seasonal and
monthly mean, maximum and minimum temperatures in
Istanbul for a 32-years period from 1975 to 2006. Monthly
temperature data were obtained from 8 meteorological
stations one of which is located in the west, outside of the
provincial border of the city (Fig 2). Seven meteorological
stations located in the city were those from which
consistent temperature data were available for a 32-years
period [54]. The only station which is located outside of
the city was used to create Thiessen polygons in the
western part of the city where no other stations were
available for the study. Table 1 displays the location and
elevation of these meteorological stations. As seen from
the table, elevation is below 200 meters in every station.
This was helpful to use Thiessen method to produce
spatially distributed temperature data over the study area.
After Thiessen method, spatially distributed data were
analyzed by Mann-Kendall test and Sen’s Method for
trend analysis.

Producing Spatially Distributed Temperature Data: In
Thiessen method, the area is divided into a set of
polygons with the meteorological station in the middle of
each polygon without taking into account topography
and physical characteristics of study area. All points that
fall inside of a Thiessen polygon are closer to center of
that polygon than to center of neighbor polygons in
study area [69]. The centers of polygons are represented
by meteorological stations. Temperature value of each
Thiessen polygon is assumed to be constant and equal to
value  of   its   representative   meteorological    station   in

Table 1: Characteristics of meteorological stations

Station Name Latitude Longitude Elevation

Bahcekoy 41 10 35 28 59 35 130
Corlu 41 09 25 27 49 05 183
Florya 40 58 55 28 47 20 37
Goztepe 40 58 42 29 03 21 32
Kartal 40 53 23 29 10 57 27
Kirecburnu 41 08 51 29 03 02 58
Kumkoy 41 15 04 29 02 19 38
Sile 41 10 11 29 36 03 83

the center of Thiessen polygon. Thus this method allows
estimating temperature over a large area using limited
numbers of meteorological stations. This method is
probably one of the most used method to model the
spatial distribution of climatic data [49, 50, 51, 52, 53].
Discrete change in data because of discontinuous surface
that occur at the boundaries of polygons is the negative
effect of this method [70]. The spatially distributed
temperature is estimated by determining the weights of
each Thiessen polygon over the study area. The area
percentage of each Thiessen polygon is used to
determine the weights. Firstly, triangles are created by
connecting stations with lines. Secondly, perpendicular
lines are created for each bisector of lines of triangles.
Those perpendicular lines will intersect and form a vertex
of Thiessen. Thiessen polygon is created using those
vertexes. The weights for Thiessen polygons of study
area computed using the following equation;

(1)

W : The weighted area for Thiessen polygoni

A : The area defined by Thiessen polygon P

A : The total area 

Spatial weighted temperature of each meteorological
station is calculated by multiplying its spatial weight by
its observed temperature value. The average temperature
of study area is calculated by adding all aerial weighted
temperature of meteorological stations over study area
using following equation;

(2)

P : The average temperature of study area 
Pi : The meteorological station temperature for each

Thiessen polygon
n : The number of Thiessen polygon over study area
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Table 2: Station Weights 

Station Weight

CORLU 0.196

FLORYA 0.326

BAHCEKOY 0.086

KUMKOY 0.011

KIRECBURNU 0.073

SILE 0.164

KARTAL 0.107

GOZTEPE 0.037

All geographical information system software offer
tools to create Thiessen polygons. The locations of
meteorological stations are created using geographical
coordinates provided by Turkish State Meteorological
Service. The Thiessen polygons (Fig.2) that represent the
influence area of each meteorological station were
produced using Arcgis 9.2 software. The weights of
stations are given in Table 2.

Determining the Trend Analysis of Spatially Distributed
Temperature Data: Spatially distributed temperature data
obtained from Thiessen method was grouped into annual,
seasonal and monthly mean data series in the period of
1975-2006 to be used in Mann-Kendall test and Sens’
method. Before applying those test to temperature data
series time period was divided into two periods. The
Mann-Kendall test was employed to detect presence of
positive or negative trend in time series data while Sen’s
method was used to compute the magnitude of the
change in temperature.

One  of  the most used non-parametric tests to
identify presence of trends in time series data is The
Mann-Kendall  test.  Missing  values in time series data
are allowed in Mann-Kendall trend test and the data do
not  require  conforming  to  any particular distribution
[71]. The sign of difference is identified after all
subsequent observed values are compared and the
difference between the later-observed values and earlier-
observed values are compared in the Mann-Kendall test.
Each-later observed value is analyzed with all earlier-
observed values. If later-observed values tend to be larger
than earlier-observed values, an increasing trend can be
identified while a decreasing trend can be recognized if
later-observed values tend to be smaller than earlier-
observed values.

Linear regression method is used to estimate the
slope of possible linear trend in time series but if there are
gross data errors or outliers in time series, the estimated
slope  can  be different from the true slope of linear trend.

Since Sen’s slope estimator is not affected from gross
data error or outliers, it is used to  estimate  the  slope  for
Mann-Kendall test even with missing data. Possible
slopes between all possible data pairs can be calculated
by Sen’s slope estimator. The initial value of the Mann-
Kendall test statistic S is set to 0 and it indicates there is
no trend. It increases the S value by 1 when a later-
observed value is higher than earlier-observed value and
decreases by 1 when a later-observed value is lower than
an earlier-observed value. The final value of S is
computed by the net results of those increases and
decreases.

Mann-Kendall    method    firstly    calculates S
statistic which indicates the sum of the difference
between  the  data  points  indicated  in  following
equation.

(3)

Where; x  is observed value at time j, x  is observed valuej k

at time k, j is time after time k and n is the length of the
data set.
The sign of the value is defined as follows:

(4)

The statistical significant of S is checked using a test
statistic (or z score):

(5)

The variance of S can be computed as:

(6)

Where n indicates the number of data points, q indicates
the number of tied groups (a tied group is a set of sample
data having the same value) and t  indicates the numberp

of data points in the p  group.th

The Mann-Kendall method test the null hypothesis,
H , is that data indicate no distinct trend against theo

alternative  hypothesis  H   is  that  data  indicate  a  trend.i
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Two tailed test is used to decide whether or not the null RESULTS
hypothesis should be rejected in favor of hypothesis test.
The null hypothesis, H  is tested by the Z test statistic Spatially distributed temperature data which wereo

value. A decreasing trend is identified if Z is negative and produced by using Thiessen method and their analysis
an increasing trend is identified if the Z is positive. H  is with Mann-Kendall test and Sen’s method provided an in-o

rejected at 0.1, 0.05, 0.01 and 0.001 significance levels if depth analysis of annual, seasonal and monthly mean,
the absolute value of Z is greater than Z , where Z  is maximum and minimum temperature changes in Istanbul1- /2 1- /2

taken from the standard normal cumulative distribution during the last 32 years (1975-2006).
tables. The magnitude of the trend over time is estimated
according to Sen [72]. The median slope of all pair wise Annual Temperatures: Table 2 presents the spatially
comparisons indicates the trend slope and the slopes of distributed annual mean, maximum and minimum
all data pairs are calculated by; temperatures. The analysis of the whole dataset within the

Istanbul. As table 3 indicates, mean annual temperatures
(7) varied between 12.6°C and 14.9°C in Istanbul from 1975 to

Where 2006. The mean annual temperature was the lowest in 1976
Q : Slope between data points while it was the highest in 2001 with 2.3°C differencei

x : Data measurement at time j, between the two. If the data in table 3 are examined in twoj

x : Data measurement at time k different time periods (1975-1990 and 1991-2006), annualk

j > k. mean temperatures seem to have differed slightly. Annual

If there are n values of x  in the time series Sen’s 13.9°C in the second period. This result reveals thatj

slope estimator is the median of n(n-1)/2 pairwise slopes. annual mean temperatures increased especially after 1990
The Sen's estimator is: (Figure 3).

if N is odd, (8) temperature data of two time periods, the Student’s t test

if N is even. (9) from each other. A statistically significant difference has

table indicates that annual mean temperature is 13.7°C in

mean temperature is 13.5°C in the first period while it is

Before comparing the mean, minimum and maximum

was applied to assess temperature differences between
two time periods whether they are statistically different

Table 3: Spatially distributed annual mean, maximum and minimum temperatures in Istanbul from 1975 to 2006

Temperatures (°C) Temperatures (°C)
----------------------------------------------------------------- -------------------------------------------------------------------

Year Mean Max. Min. Year Mean Max. Min.

1975 13,8 24,4 5,1 1991 13,2 23,8 5,0
1976 12,6 23,4 3,6 1992 13,1 25,6 4,1
1977 13,7 25,7 4,7 1993 13,1 26,0 4,4
1978 13,5 24,5 4,9 1994 14,7 26,8 5,5
1979 14,1 25,5 4,1 1995 14,0 25,0 4,9
1980 13,2 24,6 4,2 1996 13,3 24,3 5,2
1981 13,6 24,2 4,5 1997 13,1 25,1 3,9
1982 13,2 24,8 4,4 1998 14,1 25,6 5,1
1983 13,4 24,8 4,2 1999 14,8 25,3 5,6
1984 13,6 25,1 4,8 2000 14,2 26,3 4,6
1985 13,1 25,1 3,4 2001 14,9 26,2 5,3
1986 13,5 23,9 4,4 2002 14,5 26,3 5,6
1987 12,9 25,1 2,7 2003 13,6 25,8 4,5
1988 13,4 24,6 4,2 2004 14,0 26,0 3,8
1989 13,7 25,6 4,9 2005 13,9 24,6 4,1
1990 14,1 25,6 4,6 2006 13,9 25,0 4,6
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Fig. 3: Annual T , T , T  and their linear trends for Istanbul between 1975 and 2006.mean max min

Table 4: Annual and seasonal temperature trends of Istanbul over the 32-years period by using Mann-Kendall test and Sen’s method (spring: March-May;
summer: June-August; autumn: September-November; winter: December-February)

T  (°C) T  (°C) T  (°C)mean mean, max mean, min

Spring 0.67 1.15 -0.32
Summer 2.24*** 1.73* 1.92**
Autumn 0.83 1.38 0.51+

Winter -0.16 0.16 -0.48
Year 0.83* 1.6** 0.54

Significance level <= 90%. Significance level <= 95%. Significance level <= 99%. Significance level <= 99.9% + * ** ***

been found at 0.05 level of significance between data annual minimum temperature was observed in 1987 as
series  displayed  in  two  time  periods  as   a   result  of 2.7°C while the highest value was seen in 1999 and 2002
the Student’s t test. According to the same data as 5.6°C. Analysis of the mean annual minimum
presented  in  Table  3,  mean  annual  maximum  and temperature within the two time periods reveals that the
minimum temperatures are 25.1°C and 4.5°C respectively second period (1991-2006) experienced a more warming
in   Istanbul.   Mean    annual  maximum  and minimum than the first period (1975-1990). The mean annual
temperatures   display   more   variability   between   years minimum temperature was 4.3°C in the first period (1975-
in   comparison    with     annual     mean   temperatures. 1990) while the same figure was 4.8°C in the second period
The lowest mean annual maximum temperature was (1991-2006).
observed in 1976 as 23.4°C while the highest value was The application of the Mann-Kendall test and Sen’s
seen in 1994 as 26.8°C with 3.4°C difference between the method demonstrated a positive trend in annual mean,
two. Comparison of the mean annual maximum maximum and minimum temperatures over the 32-years
temperatures  within  two time periods (1975-1990 and period in Istanbul. The trends in annual mean and
1991-2006) reveals that there is 0.7°C difference between maximum temperatures are significant at the 95% and 99%
the two. The mean annual maximum temperature was respectively while annual mean minimum temperature is
found  to  be  24.8°C  in  the  first  period  from  1975  to not statistically significant (Table 4). As seen from the
1990  while  it  increased to 25.5°C in the second time table 3, the annual mean warming trend in Istanbul was
period from 1991 to 2006. The mean annual minimum 0.83°C during a 32-years period (1975-2006). This result
temperatures also display similar pattern between years indicates a warmer trend in the study area than the
although the increase in values slightly lower than the average annual increase in global temperatures which was
mean annual maximum temperatures. The lowest mean 0.13  °C  (±  0.03°C)  per  decade  over the last 50 years [9].
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Table 4: Spatially distributed seasonal mean, maximum and minimum temperatures in Istanbul over the 32-years period (spring: March-May; summer: June-
August; autumn: September-November; winter: December-February)

T  (°C) T  (°C) T  (°C)mean mean, max mean, min

Spring 11,5 25,0 2,0
Summer 22,3 32,7 13,4
Autumn 15,1 26,4 6,0
Winter 5,9 16,5 -3,3

Table 5: Spatially distributed monthly mean, maximum and minimum temperatures in Istanbul over the 32-years perio
Months T  (°C) T  (°C) T  (°C)mean mean, max mean, min

January 5,3 15,6 -3,7
February 5,1 17,1 -4,1
March 7,1 21,0 -2,0
April 11,5 25,5 2,0
May 16,0 28,5 6,1
June 20,7 32,3 11,1
July 23,1 33,0 14,5
August 23,0 32,8 14,6
September 19,5 30,6 10,7
October 15,2 27,0 6,2
November 10,5 21,5 1,0
December 7,2 16,9 -2,1
Annual 13,7 25,1 4,5

Although there is a positive trend in annual mean The analysis of the evaluation of T  by seasons
maximum and minimum temperatures, trend is more with Mann-Kendall test and Sen’s method indicates a
important for maximum temperatures. Annual mean positive trend in all seasons except winter in Istanbul over
maximum temperature increased 1.6°C, while annual mean the period between 1975 and 2006. The trends in T  for
minimum temperature experienced 0.54°C increase over the spring and winter are not statistically significant.
period between 1975 and 2006 (Table 4). As this result However, the trends in summer and autumn are significant
reveals, warming trend in annual mean maximum at the 99.9% and 90% respectively (Table 4). As table 4
temperature has played an important role in the increase reveals, summer is the season that experienced the
in annual mean temperature. highest warming trend in T . Over the 32-years period

Fig. 3 shows annual T , T , T  trends for Istanbul from 1975 to 2006, T has increased 2.24°C in summer inmean max min

on over the period 1975-2006 using Sen’s model. As Istanbul. Spring and autumn have also experienced a
clearly seen from the figure, the warming trend is more warming over the same time period as 0.67°C, 0.83°C
obvious in annual T  altough annual T  and T  have respectively. Although the trend is not statisticallymax mean min

also experienced positive trends. significant, winter has experienced 0.16°C decrease in

Seasonal Temperatures: Analysis of seasonal seasonal T  and their linear trends for Istanbul from
temperature data provided a better understanding of 1975 to 2006 using Sen’s model. Highest warming trend in
warming trend in Istanbul. Table 5 represents spatially summer and slight cooling trend in winter is obvious in
distributed seasonal mean, maximum and minimum T  from the figure.
temperatures in Istanbul over the 32-years period. As the Mann-Kendall test has revealed a positive warming
table reveals, mean temperatures were 11.5°C in spring, trend in T  in all seasons in Istanbul for the 32-years
22.3°C in summer, 15.1°C in autumn and 5.9°C in winter. period (Table 4). Warming trends in T  were found
Mean maximum temperatures varied from 16.5°C in winter statistically insignificant in all seasons except summer.
to 32.7°C in summer. Mean maximum temperatures in The trend in T  in summer is significant at 95%. As the
spring and autumn were 25°C and 26.4°C respectively. results in table 4 reveals, summer was the season
Mean minimum temperatures dropped below zero as - experienced the highest warming in T as 1.73°C over the
3.3°C in winter while it was 13.4°C in summer. Spring and 32-years period in Istanbul. Spring and autumn have also
autumn have experienced slightly low mean minimum experienced warming trends in T  over the same priod as
temperatures as 2°C and 6°C respectively in the same 1.15°C and 1.38°C respectively. Winter did not experience
period. a  significant increase in T  so it only increased 0.16°C in

mean

mean

mean

mean

Tmean over the same period in Istanbul. Fig. 4 shows
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Fig. 4: Seasonal T  and their linear trends for Istanbul between 1975 and 2006.mean

32 years. A different trend was observed in T  for Table 6 presents the results of applying the Mann-min

seasons. As table 4 reveals, spring and winter have Kendall test and Sen’s method on monthly mean,
experienced negative trends in T  over the 32-years maximum and minimum temperatures of Istanbul over themin

period although the trends were not statistically 32-years period. It was observed that mean temperatures
significant. T  has decreased 0.32°C and 0.48°C over the have experienced a positive trend in all months exceptmin

same  period in spring and winter respectively in the city. November and December. The most important T
increases were detected in July and August with 99.9%min

1.92°C increase in summer over the periods of 32-years significance. August experienced the highest increase in
with 99% significance level. Although it is not statistically T  as 2.94°C while the increase was 2.37°C in July from
significant, autumn has also experienced 0.51°C increase 1975 to 2006. A significant warming trend in T  was also
in T  over the same period in Istanbul. observed in May, June and September (Table 6). T  hasmin

Monthly Temperatures: Table 5 displays the spatially September from 1975 to 2006. Although summer months
distributed monthly mean, maximum and minimum experienced a significant warming trend, November and
temperatures for Istanbul over the period from 1975 to December had a cooling trend in T  over the 32-years
2006. As seen from the table, the July and August are the period in Istanbul. Although the trend is not statistically
warmest months in Istanbul with temperatures 23.1°C and significant, T  decreased 0.26°C in November and 0.38°C
23°C respectively. According to the mean temperatures, in December in Istanbul from 1975 to 2006. A quite small
January and February are the coldest months in Istanbul increase was detected in T  in January and March
with temperatures 5.3°C and 5.1°C respectively. The although the trend was statistically insignificant. T  has
highest monthly mean maximum temperatures were only increased 0.03°C in January and 0.10°C in March
observed in July with 33°C while the same figure was over the 32-years period in Istanbul.
slightly lower in August as 32.8°C. The lowest monthly Results of Mann-Kendall test and Sen’s method
mean maximum temperatures were experienced in January revealed that the trend in monthly T  and T  is different
with 15.6°C. Mean minimum temperatures show a similar from that of T  As seen from the table 6, all months
pattern. July and August experienced the highest mean except March demonstrated a positive trend in T . The
minimum temperatures as 14.5°C and 14.6°C respectively most important warming trend in T  was observed in
while the same figure was the lowest in February as - August with 99.9% significance. Over the 32-years period
4.1°C. from  1975  to  2006,  T   increased  4.13°C  in  August  in

mean

The  analysis of the evolution of T  by seasons indicates

mean

mean
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Table 6: Monthly temperature trends of Istanbul over the 32-years period (1975-2006) by using Mann-Kendall test and Sen’s method
Months T  (°C) T  (°C) T  (°C)mean mean, max mean, min

January 0.03 0.90 0.35
February 0.38 1.38 0.13
March 0,10 -0.29 0.26
April 0.45 1.50 -1.50
May 1.25 2.18 -0,10+

June 1.18* 0.64 1.76+

July 2.37*** 0.67 1.76*
August 2.94*** 4.13*** 2.05**
September 1.12 2.08* 1.41+

October 1.38 0.86 0.90
November -0.26 1.18 -0.99
December -0,38 0.58 -1.76
Significance level <= 90%. Significance level <= 95%. Significance level <= 99%. Significance level <= 99.9% + * ** ***

Fig. 5: T T T  and their linear trends in August for Istanbul between 1975 and 2006mean, max, min

Istanbul. Another striking result revealed from Sen’s The analysis of the evalution of T  by months with
method is about the increase in T  in September. T Mann-Kendall test and Sen’s method indicates a negativemax max

increased 2.08°C in September with 95% significance while trend in April, May, November and December while other
June and July have experienced a lower warming trend as months have experienced a positive trend over the period
0.64 and 0.67 respectively over the 32-years period. between 1975 and 2006. The trends in T  are not
Although they had a negative trend in T , November statistically significant in the months except June, Julymean

and December experienced a warming trend in T  as and August. The trends in these months are significant atmax

1.18°C and 0.58°C respectively over the same period. 90%, 95% and 99% respectively. August experienced the
Although statistically insignificant, increase in T  in highest increase in T  as 2.05°C over the 32-years period.max

January and February is much pronounced than T . As seen from the fig. 5, T , T  and T  have increasedmean

These two months have experienced 0.90°C and 1.38°C in August with over 99% significance. June and July have
increase in their T  respectively over the same period also demonstrated a 1.76°C increase in their T  over 32-max

(Table 6). March was the only month that experienced a years period. In contrast to its T  and T , T  has
cooling trend in T . T  decreased 0.29°C over the same displayed a cooling trend in April and May. Although Tmax max

period in March. decreased  1.50°C in April, the cooling was only 0.10°C in

min

min

min

mean max min

min

mean max min

min
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May over the same period. As the results reveal, The  analysis  of  monthly  temperature  data in
November and December had experienced a significant
decrease in T  over 32-years period as 0.99°C and 1.76°Cmin

respectively.

CONCLUSION

The  present  study  analyses  the  evolution of
annual, seasonal and monthly mean, minimum and
maximum  temperatures  in  Istanbul for  a  32-years period
between  1975  and  2006  by  using  Mann-Kendall  test
and Sen’s method applied on spatially distributed
monthly  temperature  data produced by Thiessen
polygon method. The results presented in this paper
reveal  positive  trends  in  annual  Tmean,  Tmax  and
Tmin.  Annual  Tmean  has  increased 0.83°C while Tmax
and Tmin had experienced an increase of 1.6°C and 0.54°C
respectively in Istanbul over the 32-years period. As
these results indicate, Istanbul has experienced a higher
warming trend than many parts of the world especially the
European continent in annual Tmean over the last three
decades. The increase in Tmean were reported as 0.8 °C in
the world in the last century [10] and as 0.43°C in Europe
over the last 30 years [14]. The annual Tmean has
increased nearly double in Istanbul in comparison with
European continent over nearly the same time period. 

The analysis of temperature evolution carried out on
a seasonal basis reveals a stronger statistically significant
positive trend in summer in Tmean, Tmax and Tmin.
Tmean has increased 2.24°C in summer while Tmax and
Tmin have experienced the increase as 1.73°C and 1.92°C
respectively in the same 32-years period. Spring and
autumn have also experienced a significant warming trend
in Tmean, Tmax and Tmin except spring having a negative
trend in its Tmin. In contrast to warming trend found in
other seasons, winter has demonstrated a negative trend
over the same period. Although it is not statistically
significant, Tmean had decreased 0.16°C in winter. The
change on seasonal temperatures over the last few
decades has been observed differently in many parts of
the world. Although a warming trend has been reported
on summer temperatures of different regions in other
studies [24], 2.24°C increase on summer annual mean
temperatures is striking in Istanbul. The negative trends
observed in this study on winter temperatures of Istanbul
are also quite different from what was measured in other
areas around the world [15, 22]. This indicates that global
and regional studies on global warming should not be
used alone and should be evaluated together with local
studies to predict how climate will change in local areas.

Istanbul   has    provided    a    better understanding   of
the   change   in   Tmean,   Tmax   and   Tmin   over   the
32-years  period.  The  most  important  warming  trend
was  observed  in  August  in  Tmean,  Tmax  and  Tmin
with statistical significance over 99%. Tmean has
increased 2.94°C in August while Tmax and Tmin had
experienced the increase as 4.13°C and 2.05°C
respectively. July has also experienced a significant
warming  trend  in  Tmean  with 99.9% significance over
the same period. Although it is not statistically
significant, November and December have experienced a
decrease in Tmean as 0.26°C and 0.38°C over the period
from 1975 to 2006.

The   study    clearly   shows   very  strong
temperature increase in summer and a little decrease in
winter  in  Istanbul  during  the  last 32  years (1975-2006).
The study revealed that the warming trend especially
observed  in  the  northern   hemisphere   over   the  last
half   century    was    also    experienced    in   Istanbul.
The  results  of  the  study   comply   with  other
researches which indicated a warming trend all over
Turkey especially in summer months [29, 30, 31]. If the
tendencies  continue  in  the  near  future, warmer
summers  and  a  bit  cooler  winters  are  to  be  expected
in the city. These differentiated warming patterns may
have important impacts on energy consumption, water
supply, human health and natural environment in
Istanbul. Therefore, future research should concentrate
on the effects of climate change on different physical and
human characteristics of the city. Apart from regular
monitoring of climatic data, strategies and plans have to
be put forward in order to cope with the negative effects
of climate change. 
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