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A

Abstract

In this study, the changes in the data of Istanbul’s precipitation and temperature and the features
of these changes were analyzed by different methods. In the analyses the daily precipitation and
temperature data sets of Florya and Goztepe Meteorological Stations which have similar locational
features were used. These sets were recorded between 1960 and 2013 (for 54 years). In order to
emphasize the differentiations in the last 15 years the analyses were conducted comparatively
both for the 15-year and for the 54-year periods and then the results were evaluated. The changes
in the monthly, annual and seasonal quantity, type and frequency of the precipitation in the form
of rain and the features of the temperature’s monthly, annual and seasonal changes, the De Mar-
tonne aridity index and the Thornthwaite climate classification were carried out. The results
showed that during the years from 1999 to 2013 the climate type of Istanbul changed from
semi-humid climate to arid and less-humid climate. Most notably the precipitation during the
warm periods has decreased, but the frequency of the intense rain has increased and the majority
of these episodes of intense rain coincided with the warm periods. Other determinations were the
rise in the annual average temperature and the extension of the warm periods in a year. This dif-
ferentiation of the temperature features can lead to the aggravation of the evaporation and it can
be effective for a longer period during the year. Being aware of this differentiation in the features
of precipitation and temperature and taking these data into consideration in all sorts of planning
and managing strategies have a special importance for the 14 million or more people living in Is-
tanbul.
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1. Introduction
Istanbul (N40°48'-N41°30', E28°00'-E30°55") (Figure 1) due to its historical, economic, social and cultural
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Figure 1. Location features of Istanbul and gauge stations observed climatic
data sets (modified from Google Earth).

features it is one of the important cities not only for Turkey but also in global scale and according to the popula-
tion data in 2013 year, 14,160,467 people are living in it.

Istanbul, which is such an important city, has very serious problems due to the water management and the
occurring flood [1]-[4]. The inadequate infrastructure leads to further growth in the dimensions of this problem.
The occurring floods with their huge costs are the major problem of Istanbul in this regard [4] [5]. The global
climate change and the variations in the climate elements will make Istanbul to be confronted with the much
more important problems of water management and flood. The total costs of this caused by climatic change will
gradually increase.

Although there are previously conducted studies about the climate change, the possible future effects of the
climate change and the issues of the adaptation to this climate change, it is conspicuous that almost all of them
were suited for Turkey [6]-[15]. The lack of recent studies about the temperature and precipitation based on dai-
ly data which covers a long period of time and which is suitable for Istanbul is a major shortcoming. What kind
of changes occurs in the precipitation and temperature characteristics over Istanbul? What kind of development
do these changes show? What are the dimensions of these changes? What kind of trend can be observed? The
answers to these questions have vital importance for Istanbul and they tend to be directive or even decisive for
the issues such as the “water management”, "disaster management”, “infrastructure planning” and “project ap-
plication”.

In this study, the analytical evidences of the global climate change were investigated in Istanbul’s climate. In
this context, it was aimed to determine the changes in the precipitation and temperature features, to find answers
for the questions in regard of what, how, how often and so on and to interpret these answers as an answer to the
above mentioned requirements. To achieve this aim the observational temperature and precipitation data of
Florya and Goztepe Meteorological Stations (Istanbul), (between 1960 and 2013 years) were used [16]. The pre-
cipitation’s annual frequency, the trends of its amount distributions and the analyses of type changes, and De
Martonne and Thornthwaite climate classification were made by using the daily temperature and precipitation
observations of 54 years. As the results of the analysis it was intended to determine the changes occurred to Is-
tanbul’s precipitations and temperature and the character and dimensions of these changes. The results will have
a significant router role for the accurate diagnosis and projects in Istanbul’s water management planning.

2. Material and Method

In the analysis, the climatic data sets of Florya (N40°58'45", E28°46'18"; Altitude: 37 m) and Goztepe
(N40°58'43", E29°03'18"; Altitude: 16 m) Meteorological Stations were used. These data sets include the obser-
vations of the average daily temperature, the daily maximum temperature and the daily total precipitation amount
during the years of 1960-2013 (for 54 years). Both stations are in the residential center of Istanbul and almost on
the same latitude. The GoOztepe Meteorological Station is located 7 km east from the Bosporus according to
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straight distance while the Florya Meteorology Station is located about 17 km west from it. Using the data of
both stations together was considered to be important in terms of data validation and in terms of giving the op-
portunity to control the results. At the same time these meteorological stations have made climatic observations
for the longest period in Istanbul. There was some lacks of the observations belonging to Goztepe Meteorologi-
cal Station about the daily precipitations after 2007. These observations were compensated by using the obser-
vations of the Kartal Meteorological Stations which is 10 km southeast and has the same altitude and exposure
feature.

The climate data sets were provided by the Turkish State Meteorological Service [16]. The preparation of the
analysis for the daily precipitation and temperature data was performed in excel charts. The result data was ob-
tained from the daily precipitation data; the monthly total precipitation, monthly number of rainy days, the an-
nual total amount of precipitation, the classification of the daily precipitation (P) in mm (P <10 mm, 10 <P <
25 mm, 25 <P <50 mm, 50 < P < 100 mm, 100 mm < P), the total precipitation data of the annual rainy season
(October-April) by analyzing the annual and seasonal changes in the precipitation features. The monthly average
temperatures, the average temperatures of the year’s warm season (May-September) and the annual change of
character were calculated by using the daily average temperature. The monthly maximum temperatures were
calculated from the daily maximum temperature.

The global average temperature began to rise from the year of 1940, it was determined that the rise of global
temperature reached 0.4°C between the years of 1880 and 1970 [17] [18]. The year of 1998 had the highest
temperature observed between the years of 1880 and 1999 [19] [20]. The fact that 9 out of the 10 years with the
highest temperature since 1880 [18] [21], occurred after the year of 2000, revealed clearly the importance in
terms of the climate changes in the last 15 years. Starting from these data in order to determine the changes in
the precipitation and temperature features of Istanbul, the precipitation and temperature data of the 54 years
(1960-2013) and of the 15-year periods (1960-1974 and 1999-2013) were analyzed comparatively. Furthermore,
in order to check whether there was a change in the climate type of Istanbul, the De Martonne aridity index and
the Thornthwaite climate classification were also conducted for the same periods.

Based on the precipitation and temperature data sets; the 54-year linear orientation, the distribution of the
warmest years and the years with the least precipitation in the last 54 years, the climatic analysis of the first and
last 15 years in the 54-year period were evaluated comparatively by making comparisons. Then, assessment was
made by the differentiation in the precipitation and temperature regime of Istanbul connected to the issues of the
differentiation belonging to Istanbul’s climate type.

3. Results
3.1. Changes in Precipitation and Temperature Features

Precipitation and temperature are two very important parameters in the trend analysis of the change in the cli-
mate type in the determination of the climate type. For this kind of analyses data sets covering 40-50 year period
are preferred [22]-[25]. Both the statistical analyses and the monthly and annual average of the daily temperature
and precipitation data observed in the Florya and Goztepe meteorological stations for the years of 1960-2013
were conducted (Tables 1-3) (Figure 2, Figure 3). When analyzing the average precipitation and temperature
statistics of the 54-year period; there were only 5 years in Florya with less than 500 mm precipitations, all of
them happened in the last 25 years and 3 of these 5 years were realized between 2006 and 2013. In Gdztepe, the
total number of years with less than 500 mm precipitation was 4, all of them happened in the last 25 years and 3
of these 4 years took place in the period of 2007-2013 years (Table 1).

The average temperature statistics of the 54-year period were examined by considering the years with an av-
erage temperature of 15.5°C < T < 16°C. According to this, in Florya, there was total of 6 years when these av-
erage temperatures occurred and it was stated that all of them took place in the periods of 2001-2013 years.
There was a total of 8 years when these average temperatures occurred in Goztepe and it was determined that all
of them occurred during the period of 1999-2013 years (Table 1). This remarkable distribution in the tempera-
ture and precipitation statistics of this 54-year period is consistent with the trend of significant climatic changes
in the last 15 years globally [18] [21].

3.2. Changes on Precipitation Characteristics

Along with the changes in the annual precipitation (Tables 1-3), the type and frequency of the precipitation in
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Table 1. Extreme years on precipitation and temperature during last 54 years (P: Precipitation, T: Temperature).

Precipitation (Annual)

Temperature (Annual)

Average 400 mm < P <500 mm Average 15.5°C<T<16.0°C
Years 1960-2013 1960-2013 1989-1998 1999-2013 1960-2013 1960-2013 1989-1998 1999-2013
Florya 642.9 mm 5 years 2 years 3 years 14.3°C 6 years null 6 years
Goztepe 683.7 mm 4 years 1 year 3 years 14.5°C 8 years null 8 years
Table 2. Monthly and annual average precipitation and temperature in Florya (P: Precipitation, T: Temperature).
Years Jan. Feb. Mar. Apr. May Jun. Jul.  Aug. Sep. Oct. Nov. Dec. Annual
—  1960-2013 791 692 593 499 290 293 210 246 337 739 798 93.3 563.0
E 1960-1974 88.2 724 63.1 54.3 317 238 152 25.0 36.1 554 72.4 114.4 563.9
& 1999-2013 80.1 947 59.3 47.5 208 292 129 24.6 411 735 70.9 85.3 559.9
s 1960-2013 5.7 5.7 75 11.7 166 213 238 23.7 20.1 159 117 8.0 12.7
£ 1960-1974 5.1 5.7 7.0 113 162 206 231 230 196 158 124 8.2 14.0
a 1999-2013 6.0 6.0 8.5 124 176 223 254 253 211 164 120 8.1 15.1

Table 3. Monthly and annual average precipitation and temperature in Goztepe (P: Precipitation, T: Temperature).

Years Jan. Feb. Mar. Apr. May Jun. Jul.  Aug. Sep. Oct. Nov. Dec. Annual
= 1960-2013 882 69.2 632 481 293 249 202 270 412 763 835 1125 683.7
E  1960-1974 929 714 675 523 307 196 104 207 50.7 664 740 1307 687.4
e 1999-2013 835 837 622 425 199 268 135 325 412 813 792 94.4 660.6
e 1960-2013 6.0 6.0 7.7 121 16.9 216 237 23.7 201 158 11.7 8.2 12.7
£ 1960-1974 5.3 6.0 7.2 117 165 209 232 231 196 156 122 8.3 141
F
1999-2013 6.4 6.5 8.6 12.8 17.7 225 249 25.3 212 164 12.3 8.6 15.3
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Figure 2. Temperature and precipitation trends of Florya station.
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Figure 3. Temperature and precipitation trends of Gdztepe station.

the form of rain within a year are the important indicators in the definition of the climate type and changes of the
climate type. The number of rainy days was determined when analyzing the daily precipitation statistics record-
ed in the Florya and Goztepe Meteorological Stations (Table 4). The rainy days and their distribution through-
out the year were given in Table 4 in the form of two different 15-year periods in order to make comparison.
When analyzing Table 4, a small reduction was observed in the number of rainy days in the last 15-year period
according to the data of both Florya and Goztepe Station (in Florya 14.66%, in Gdztepe 8.46%). In the seasonal
distribution of precipitation, comparing to the period of 1960-1974; during the rainy period of the years
1999-2013, a 6.3% reduction was observed in the number of rainy days (period of October-April) in Floryaand
in the warm period (May-September) of the year 7.2% decrease was observed in the number of rainy days
(Table 4). The same comparison was performed by using the data of the Goztepe station. In Gdztepe, during the
rainy period of the years, a 16.8% reduction occurred in the number of rainy days. And, during the warm period
(May-September) of the years, the number of rainy days has decreased by 22.3% (Table 4).

The daily precipitation in the period of 1960-1974 was classified as P < 10 mm (light rains), 10 <P < 25 mm
(Moderate rains), 25 < P < 50 mm (heavy rains), 50 < P < 100 mm (very heavy rains), 100 < P mm (extreme
rains) [26] [27] but because there was not any day with more than 100 ml rain, the classification ended at the
level of 50.1 < P (Tables 5-8). The “25 mm/day” was accepted as the limit amount of precipitation because
when the daily precipitation amount was more than 25 mm it was described as being torrential character. The
rainy days for each 15-year periods were divided into 2 classes including P < 25 mm/day and 25 mm/day < P
(Tables 5-8).

The daily precipitation data of the Florya Meteorology Station were analyzed by considering the daily amount
of precipitation and very significant results were achieved. When comparing to the period of 1960-1974; during
the period of 1999-2013 years, the total number of rainy days was seen to decrease by 6.5% and the rain without
torrential character (P < 25 mm/day) decreased by 7.3% (Table 5, Table 6). The rainy days with more than 25
mm of daily precipitation amount increased by 24.5% during the period of 1999-2013 years comparing to the
period of 1960-1974 years. In other words, during the period of 1999-2013 years there was a change in the cha-
racter of precipitations in favor of torrential rainfall, comparing to the period of 1960-1974 years. The seasonal
character of this change in the annual scale was more than remarkable. During the rainy season (from October to
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Table 4. Number of rainy days for each 15 years period (F: Florya station, G: Gdztepe station).

Station Years Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.

1960-1974 259 230 210 167 131 79 47 59 98 161 207 266

F 1999-2013 242 234 200 153 85 89 33 59 118 159 191 227

1960-1974 264 242 214 158 110 69 44 42 85 148 178 260

¢ 1999-2013 250 231 193 159 91 93 44 61 120 169 168 238
Table 5. Monthly distribution of days with different daily rainfall for 1960-1974 years in Florya.

P (mm/day) Jan. Feb. Mar. Apr. May Jun.  Jul. Aug. Sep. Oct. Nov. Dec. Total
0.1-10.0 213 195 182 145 121 69 38 47 82 132 166 211 1601
10.1-25.0 44 30 26 17 9 8 8 9 13 23 33 44 264
25.1-50.0 2 5 2 4 1 2 1 2 2 5 8 7 41

50.1<P 0 0 0 1 0 0 0 1 1 1 0 4 8
TOTAL 259 230 210 167 131 79 47 59 98 161 207 266 1914

P <25 mm 257 225 208 162 130 7 46 56 95 155 199 255 1865

25mm<P 2 5 2 5 1 2 1 3 3 6 8 11 49
Table 6. Monthly distribution of days with different daily rainfall for 1999-2103 years in Florya.

P (mm/day) Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Total
0.1-10.0 205 189 176 126 75 76 26 46 100 129 158 186 1492
10.1-25.0 33 39 22 25 8 7 5 11 15 16 25 31 237
25.1-50.0 4 6 2 2 2 6 1 2 2 12 8 10 57

50.1<P 0 0 0 0 0 0 1 0 1 2 0 0 4
TOTAL 242 234 200 153 85 89 33 59 118 159 191 227 1790

P <25 mm 238 228 198 151 83 83 31 57 115 145 183 217 1729

25mm<P 4 6 2 2 2 6 2 2 3 14 8 10 61
Table 7. Monthly distribution of days with different daily rainfall for 1960-1974 years in Goztepe.

P (mm/day) Jan. Feb. Mar. Apr. May Jun.  Jul. Aug. Sep. Oct. Nov. Dec. Total
0.1-10.0 252 230 214 181 143 100 66 74 84 145 179 220 1888
10.1-25.0 43 33 20 17 8 7 1 18 24 32 47 253
25.1-50.0 4 2 4 5 1 1 5 11 4 20 60

50.1<P 0 0 0 0 0 0 1 1 0 2 3 7
TOPLAM 299 265 238 203 152 107 68 81 108 180 217 290 2208

P <25 mm 295 263 234 198 151 107 67 77 102 169 211 267 2141

25mm<P 4 2 4 5 1 0 1 4 6 11 6 23 67
Table 8. Monthly distribution of days with different daily rainfall for 1999-2103 years in Goztepe.

P (mm/day) Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Total
0.1-10.0 211 191 165 140 80 79 37 40 100 133 126 184 1486
10.1-25.0 33 33 25 18 11 11 16 23 34 46 261
25.1-50.0 5 7 3 1 2 5 3 11 7 8 57

50.1<P 1 0 0 0 1 0 2 1 0 5
TOPLAM 250 231 193 159 89 92 44 57 119 169 168 238 1809

P <25 mm 244 224 190 158 87 90 41 51 116 156 160 230 1747

25mm<P 6 7 3 1 2 2 3 6 3 13 8 8 62
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April) in the period of 1999-2013 years, the number of rainy days with less than 25 mm decreased by 6.1%
compared to the rainy period of the years between 1960 and 1974. When we do the same comparison during the
warm period (from May to September) the reduction in the number of rainy days with less than 25 mm rain in-
creased to 8.66%. During the years of 1999-2013 the rain with torrential character (25 mm/day < P) increased by
50% especially during the warm period of the year (Table 5, Table 6).

The same evaluation was made for the daily precipitation data of the Gdztepe Meteorological Station (Table 7,
Table 8). Despite the varying rates, the general trend of the results confirmed the data of the Florya Station giv-
en above. When comparing to the period of 1960-1974; during the period of 1999-2013 the total number of
rainy days was reduced by 18.1 % while in the number of rainy days with less than 25 mm rain 18.4% of reduc-
tion was observed. Unlike the result of Florya Station, the number of days with more than 25 mm decreased by
7.5% during the period of 1999-2013 years (Table 7, Table 8). When considering the seasonal distribution of
the results; despite the decrease in total number of rainy days and in the number of rainy days with less than
25mm during the period of 1999-2013 years in both rainy (October-April) and warm (May-September) period,
the rate of decrease was greater during the warm period of the year. The rate of decrease in the number of rainy
days with less than 25 mm during the rainy period was 16.8%, while during the warm period the rate of decrease
was 23.61%. When comparing the number of rainy days with more than 25 mm; despite the reduction of torren-
tial rains by 22.22% during the period of 1999-2013 (25 mm/day < P) during the warm period of the year, an in-
crease of 22.73% occurred. This situation is a very noticeable and significant change.

The reduction in the number of light and moderate rainy days during the warm period can be associated with
the increased warming of the environment [27]. In Istanbul’s precipitation statistics; the differentiation in sea-
sonal distributions (Tables 2-8) belonging to the amount, type and frequency of the precipitation confirmed this
approach’s status related to the observed warming trends for Istanbul.

3.3. Changes on the Temperature Characteristics

It was understood that on a global scale, the annual average temperatures observed on land the ocean surface
during the period of 2001-2005 (5 years) were rising by 0.76°C (£0.19°C) when being compared to the period of
1850-1899 (50 years). The linear warming trend during the last 100-year period (1906-2005) was 0.74°C
(20.18°C). In the last 30 years the rate of global warming in every 10 years was realized by an increase of
~0.2°C [28] [29]. When analyzing statistically the temperature which was observed in Istanbul in the last 54
years it seems to be similar to the trend of global temperature rising. When comparing the observations of the
annual average temperature observed in Istanbul during the period of 1999-2013 to the period of 1960-1974 the
annual average temperature of the last 15 years was increased by 1.1°C according to the observations of the
Florya Station and 0.9°C according to the observations of the G6ztepe Station (Table 9). Another changing fea-
ture of the temperature which was observed in Istanbul during the period of 1960-2013 is the rise of the monthly
average temperatures in the last 15 years and the prolongation of the warm period within a year (Table 2, Table
3) (Figures 2-5). The monthly average temperatures produced from the average daily temperature were given in
Figure 2 and Figure 3. Both of the graphics showed that in the past 15 years in Istanbul there was an increase in
the monthly average temperature rise, this rise occurred more frequently especially during May-September, and
the warmer season of the year included 7 - 8 months by increasing with 3 - 4 months.

3.4. Changes in the Type of Climate

The daily temperature and precipitation data sets which cover a period of 40 - 50 years are important classifica-
tion parameters used in the determination of a region’s climate type. The observations of the daily temperature
and precipitation made in Florya and Goztepe Station during the 1960-2013 years, period of 1960-1974 and the
period of 1999-2013 were analyzed to determine whether there was a change in the climate type of Istanbul or
not. In the determination of the climate type, the De Martonne and the Thornthwaite climate type analyses were
performed by using the temperature and precipitation data of both stations.

3.4.1. De Martonne Climate Type Analysis

De Martonne Aridity Index is one of the analytical methods used in the determination of the climate type and in
the detection of the changes occurred in the climate type [30]-[33]. The De Martonne Aridity Index values de-
termined by using the daily temperature and precipitation observations which covered a long period, define
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Table 9. Observed changes on annual average temperatures in Istanbul.

1960-2013 years 1960-1974 years 1999-2013 years Warming rate
Florya station 14.3°C 14.0°C 15.1°C +1.1°C
Goztepe station 14.5°C 14.1°C 15.0°C +0.9°C
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Figure 4. Monthly average temperatures of Florya.
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Figure 5. Monthly average temperatures of Goztepe.
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specific climate types [34]. The monthly and annual index calculations (Table 10) [35] were performed sepa-
rately for the data of Floryaand Goztepe Stations (Table 11, Table 12). The results of both stations’ annual
analysis were identified the same as “semiarid-humid” both for the 54-year and for the 15-year period too.
However, differences were determined in the monthly aridity index and climate types. Especially the extremely
low index in April, May, August and September during the last 15 years were noteworthy which might lead to
the differentiation of the climate type.

3.4.2. Thornthwaite Climate Type Analysis

In order to determine the differentiation in the climate features of Istanbul, the Thornthwaite climate classification
method was applied. The Thornthwaite climate classification is an analysis method which is based on the physical
interaction between the data of local humidity and temperature rather than only on the data of precipitation and
temperature [36]. This classification represents a more complex and sensitive analysis methods by taking the bal-
ance of the local surface water into account. The Thornthwaite climate classification was carried out compara-
tively for the 15-year periods by using the observation data of the Florya and Goztepe Stations. The results were
similar in a very large ratio, the analysis results of both stations were given summarized in Table 13 and Table 14
(Figure 6). When comparing the climatic data of the Florya and Goztepe Stations during the period of 1999-2013
to the period of 1960-1974; it was determined by the Thronthwaite climate classification that the use of water in-
creased in the period of May-June, the deficiency of water increased during the month of June, July, August and
September, the annual water deficiency increased by 17.10% and the monthly PE amounts increased during the
month of March to September and it increased annually by 7.85% (Table 13, Table 14, Figure 6).

The same climate class was determined for both stations in the Thornthwaite classification of the different pe-
riods by using the climatic data sets of the Florya and Goztepe stations (Table 15). The results referred to
“semi-humid (C2 B’2 s2 b’4)” climate type in the period of 1960-1974 and to “arid and less humid (C1 B’2 s2
b’3)” climate type in the period of 1999-2013 (Table 15). The transition from C1 to C2 in the first letter of the
climate type in the Thornthwaite climate classification showed a significant change; this change defined the tran-
sition from “humid” climate to “arid” climate [36].

Table 10. De Martonne Aridity Index [35].

i: Monthly aridity index, p: Monthly precipitation amount (mm),

Monthly aridity index | = [p/(t + 10)/12] t: Monthly average temperature (°C).

Annual aridity index, P: Annual precipitation amount (mm), T:
Annual aridity index | = [(P/(T + 10)) + (12p/(t + 10))]/2I Annual average temperature (°C). p and t: Precipitation and
Temperature of the driest month.

Table 11. Monthly and annual De Martonne aridity index, and climate types depended on data sets of Florya.

FLORYA 1960-1974 1999-2013 1960-2013

Months F(’rrs:;';) -E?g)p Index  Climate Type lzrrr?rcr:;) -E?g)p Index C_Irl)rlr;e;te F(’:T?ri:;) I?g)p Index C.II.';[:;te
Jan. 88.2 5.1 70.1 Humid 80.1 6.0 60.1 Humid 79.9 85 60.7 Humid
Feb. 72.4 5.7 55.3 Humid 94.7 6.0 71.0 Humid 69.2 57 529 Humid
Mar. 63.1 7.0 445 Humid 59.3 8.5 38.5 Humid 593 7.5 407 Humid
Apr. 54.3 11.3  30.6 Humid 475 12.4 254 Semiarid-Humid 49.9 118 27.5 Semiarid-Humid
May 31.7 16.2 145 Semiarid 20.8 17.6 9.0 Arid 29.0 16.6 13.1 Semiarid
Jun. 238 206 93 Arid 292 223 108 Semiarid 293 214 112 Semiarid
Jul. 15.2 231 55 Arid 12.9 254 4.4 Arid 210 240 74 Arid
Aug. 25.0 23.0 9.1 Arid 24.6 25.3 8.4 Arid 246 238 87 Arid
Sep. 36.1 196 146 Semiarid 411 211 159 Semiarid 33.7 202 134 Semiarid
Oct. 55.4 158 25.8 Semiarid-Humid 73.5 164 334 Humid 739 159 342 Humid
Nov. 72.4 124 388 Humid 70.9 12.0 387 Humid 79.8 113 45.0 Humid
Dec. 114.4 8.2 75.4 Humid 85.3 8.1 56.6 Humid 933 79 625 Humid

Annual 652.0 14.0 16.3 Semiarid-Humid 639.9 15.1 14.9 Semiarid-Humid 642.9 14.3 16.9 Semiarid-Humid
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Table 12. Monthly and annual De Martonne aridity index, and climate types depended on data sets of Goztepe.

GOZTEPE

Precip. Temp.

Months (mm‘; (oc)p
Jan. 929 53
Feb. 71.4 6.0
Mar. 67.5 7.2
Apr. 523 117
May 30.7 165
Jun. 196 209
Jul. 104 232
Aug. 20.7 231
Sep. 50.7 19.6
Oct. 66.4 15.6
Nov. 740 122
Dec. 130.7 83
Annual 6873 14.1

1960-1974 1999-2013
index  Cpmale - Pecin TemD. e Climate - Precin
72.9 Humid 835 6.4 611 Humid 88.2
53.6 Humid 83.7 65 609 Humid 69.2
47.1 Humid 62.2 8.6 40.1 Humid 63.2
28.9 Semiarid-Humid 425 128 22.4 Semiarid-Humid 48.1
13.9 Semiarid 199 177 86 Arid 29.3
7.6 Arid 268 225 99 Arid 24.9
3.8 Arid 135 249 46 Arid 20.2
7.5 Arid 325 253 11.0 Semiarid 27.0
20.6 Semiarid-Humid 41.2 212 158 Semiarid 41.2
311 Humid 81.3 164 37.0 Humid 76.3
40.0 Humid 79.2 123 426 Humid 83.5
85.7 Humid 944 86 69 Humid 1125
16.1 Semiarid-Humid 660.7 15.3 15.4 Semiarid-Humid 683.6

Temp.
(0
6.0
6.0
7.7
12.1
16.9
21.6
23.7
23.7
20.1
15.8
11.7
8.2
145

1960-2013

Index  Climate Type
66.2 Humid
51.9 Humid
42.8 Humid
26.1  Semiarid-Humid
13.1 Semiarid

9.5 Arid

7.2 Arid

9.6 Arid

16.4 Semiarid
355 Humid
46.2 Humid
74.2 Humid

17.6  Semiarid-Humid

Table 13. Thornthwaite annual water balances depended on climatic data set of Florya station (WS: Water surplus, Storage
Change, RW: Recharge, Water Deficiency, PE: Potential Evapotranspiration).

FloryaStation

1960-1974
Years

1999-2013
Years

WS 100
SC 0
WD 0
PE 10.05
WS 100
SC 0
WD 0
PE 10.4

2

100

0
0

11.82
100

0
0

10.4

3 4 5
100 100 49.62
0 0 —50.38
0 0 0
19.81 43.03 82.08
100 100 33.27
0 0 —66.73
0 0 0
2253 444 8753

Months
6 7 8 9
0 0 0 0
—49.62 0 0 0
4419 12499 10551 54.17
117.61 140.19 130.51 90.27
0 0 0
-33.27 0 0
75.7 146.99 12426 56.23
138.17 159.89 148.86 97.33

10

0

0

5.38

60.78
13.45
13.45

0
60.05

11
36.97
35.97

0
36.43
53.22
39.77

0
31.13

Annual
12 (mm)

100 -
64.03 -

0 334.25

1940 761.98
100 -
46.78 -

0 403.18

16.2 826.91

Table 14. Thornthwaite annual water balances depended on climatic data set of Goztepe station (WS: Water surplus, SMU:
Soil Moisture Utilization, SMR: Soil Moisture RW: Recharge, Water Deficiency).

Goztepe Months Annual

Station 1 2 3 4 5 6 7 8 9 10 11 12 (mm)
< WS 100 100 100 100  46.88 0 0 0 0 713 4588 100 -
§ £ sC 0 0 0 0 -53.12 -46.88 0 0 0 7.13 3876 54.12 -
3 > WD 0 0 0 0 0 5326 130.43 11039 3923 0 0 0 333.31
- PE 1043 1251 2032 4483 8382 119.75 140.83 131.09 89.93 59.27 3524 1948 7675
o WS 100 100 100 9586 27.52 0 0 0 2131 6817 100 -
§ £ sC 0 0 0 -414 -6833 -27.52 0 0 2131 46.86 31.83 -
S > WD 0 0 0 0 0 7627 14137 11632 5682 0 0 0 390.79
- PE 115 1179 229 4664 8823 1306 154.87 14882 98.02 59.99 32.34 17.79  823.49

4. Conclusions

The decrease in the annual total precipitation and the increase in the annual average temperature during the
period of 1960-2013 were very remarkable. During the 54-year period, in Florya 3 of the 5 driest years oc-
curred in the period of 2006-2013, while in Goztepe 3 of the 4 driest years were observed during 2007-2013.
In the same period the average of the annual maximum temperature (15.5°C < T < 16.0°C) occurred 6 times
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Precipitation x10{mm) Pred pitation x10{mm} Pred pitation x10jmm)
16 16 16
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Sail moisture
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Figure 6. Annual average precipitation and potential evapotranspiration at Florya and Goztepe stations in Istanbul.

Table 15. Thornthwaite climatic classification for different periods of Istanbul.

Periods Years) Florya Station Goztepe Station
C2 B’2 52 b’3 (Moist sub humid, 2nd degree C2 B’2 52 b’4 (Moist sub humid, 2nd degree
1960-2013 Mesothermal, large summer water deficiency, Mesothermal, large summer water deficiency,
close to marine conditions climatic type.) close to marine conditions climatic type.)
C2 B’2 s2 b’4 (Moist sub humid, 2nd degree C2 B’2 52 b’4 (Moist sub humid, 2nd degree
1960-1974 Mesothermal, large summer water deficiency, Mesothermal, large summer water deficiency,
close to marine conditions climatic type.) close to marine conditions climatic type.
C1B’2s2b’3 (Dry sub humid, 2nd degree C1B’2s2b’3 (Dry sub humid, 2nd degree
1999-2013 Mesothermal, large winter water surplus, Mesothermal, large winter water surplus,
close to marine conditions climatic type.) close to marine conditions climatic type.)

in Florya and all of them happened during 2001-2013, while in Gdztepe it occurred 8 times and all of them
were observed during 1999-2013 years. The fact that the driest and warmest year was realized in the 2000s
was one of the important evidences of the change in the climate of Istanbul; this case also supported the
global trends. The statistical trend of the annual precipitation and temperature values during the 54 years; the
annual total amount of precipitation in Istanbul was decreasing steadily, while the annual average tempera-
ture was rising increasingly. When considering the 15-year periods; the average precipitation in the last 15
years was less than the average of the 54-year period and the average of the first 15 years. The average tem-
perature in the last 15 years was higher than the average temperature of the 54-year period and the average
temperature of the first 15 years.

When comparing to the period of 1960-1974 during the years of 1999-2013 the number of rainy days in
Istanbul reduced similarly; the number of days with less than 25 mm of daily rain and the fact that this re-
duction occurred during the hot period (summer season), identified the downpour rain; the rise in the number
of days with more than 25 mm of daily rain made it understood that 50% of this increase occurred especially
during the warm period. This differentiation observed in the precipitation characteristics in Istanbul indicates
a shift towards the precipitation pattern belonging to the arid-semiarid climate.

When examining the change characteristics of the annual average temperature in Istanbul for the period of
1999-2013 by comparing it to the annual average temperature of both the period of 1960-2013 and the pe-
riod of 1960-1974, it was understood that the annual temperature of the last 15 years was higher than the
annual temperature of the other 2 periods. In addition, when comparing the annual average temperature to
the first 15-year period; a rise of 0.9°C - 1.1°C was determined in the annual average temperature in the last
15 years. This increase in the temperature of Istanbul showed consistency with the rise of the global temper-
ature.

Both the rise of the monthly average temperature and the extension of the year’s hot period mean at the
same time an increase in the severity and in the duration of evaporation. This situation brings the “water
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shortage” in Istanbul to a different size within the context of water management and makes it very important.
This condition should be considered for Istanbul is a very important issue.

These changes in the precipitation and temperature characteristics of Istanbul investigated the effects of
the climate type of Istanbul. For this, the climate identification by using the De Martonne drought index and
the Thornthwaite climate classification analysis were made. In the De Martonne climate classification both
the monthly and annual aridity index formulas were applied. When comparing the 15-year periods, the same
conclusion was reached for both periods, the annual aridity index suggested that Istanbul belonged to the
“semiarid-humid” climate type. However, in the last 15 years the monthly aridity index showed some dif-
ferences. This differentiation emerged in the form of “arid, arid/semiarid” climate types changing each other
in monthly periods within a year.

In the results of the Thornthwaite climate type analysis, it was stated that Istanbul has changed from
“semi-humid” to “arid and less humid” climate type in the last 15 years. Also, the increase in the evaporation
arising due to the changes in the precipitation and temperature characteristics during the last 15-year period
is remarkable as an important climatic variation that should be considered in the annual water balance in Is-
tanbul.

The results above reveal comparatively the variations of Istanbul’s precipitation and temperature charac-
teristics observed in the last 15 years. Results indicate that important climatic changes such as the rise of
temperatures, the lengthening of the warm season, evaporation aggravation, decrease in annual rainfall and
number of rainy days, increase on the torrential summer rainfall over Istanbul will be increasingly effective
in following years. For adaptation to these and more climatic differentiations, results of this study are rec-
ommended for consideration and use when reconsidering strategically the issues such as “Water manage-
ment”, “Disaster Management”, “Infrastructure Planning and Project Implementations” and revising the re-
lated plans and projects. This recommendation is very important in every sense for Istanbul and for the 14
million people living in Istanbul.
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