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Abstract
Climate change is an event that has significant effects as direct or indirect on ecosystem and living things. In order to be prepared 
for the effect of climate change, it is necessary to anticipate these changes and take measures for this change. Therefore, many 
studies have been carried out on changes in climate parameters in recent years. The most common method used in these studies 
is trend methods. Innovative Polygon Trend Analysis (IPTA) and Trend Polygon Star Concept are trend analysis methods. IPTA 
Method divides data series into two as first and second data set and analyzes these two data sets by comparing them with each 
other. Trend Polygon Star Concept analyzes distance between two months in data set in graph, which is result of IPTA, and 
shows analysis result by dividing it into four regions. Therefore, in this study, monthly average temperature data are analyzed 
by using this two-polygon method. This data set is for 22 years (1996–2017). Polygon graphics were created as a result of study. 
Besides, trend slopes and lengths of temperature data with IPTA Method were calculated. The values of graphs created with 
Trend Polygon Star Concept Method on x- and y-axis were given in a table. When the results of both analysis methods were 
examined for a station, the following results were observed. For example, a regular polygon was not seen in arithmetic mean 
and standard deviation graphs of IPTA Method of Bandirma Station. Besides, when general evaluation of arithmetic mean 
analysis results was examined an increasing trend in most months. When arithmetic average graph created by Trend Polygon 
Star Concept Method of Bandirma Station was examined, transition between two months was seen first and third region. When 
standard deviation graph was examined, transitions between two months were seen in all four regions.
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Introduction

Although global climate change is seen as a problem in 
which necessary measures should be taken urgently to pre-
vent or reduce its effects, it is also accepted that this situation 

is not possible in near future. Therefore, to be prepared for 
the effects of global climate change, it is recommended to 
take some measures on a regional scale by predicting pos-
sible changes (Aktas 2020). Many countries in the world 
conduct various researches on the effects of future climate 
changes on precipitation, temperature, energy, agriculture, 
water resources and socio-economic life (Aksay et al. 2005; 
Aktas 2020).

The most common researches methods are trend analysis 
tests. It is seen that tests of this trend analysis tests are used 
in scientific studies. Mann–Kendall Tests, Sen T Test and 
Innovative Trend Analysis tests are the most used of these 
methods in scientific studies (Mann 1945; Sen 1968; Kendall 
1975, Sen 2012).

IPTA and Trend Polygon Star Concept Methods are new 
trend test. IPTA Method divides data series into two as first 
and second data set and analyzes these two data sets by com-
paring them with each other. Trend polygon Star Concept 
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Method analyzes the distance between two months in data 
set and shows analysis result by dividing it into four regions. 
When studies are conducted according to other trend tests 
in the literature are examined, it is seen that there are many 
studies. (Saris et al. 2010; Karmeshu 2012; Yang et al. 2012; 
Demircan et al. 2014; Jones et al. 2015; Ozkoca 2015; Yildirim 
2015; Zhang et al. 2015; Altunay 2016; Dabanli et al. 2016; 
Tabari et al. 2017; Ceribasi 2018,2019; Guclu 2018; Sezen 
2018; Zeybekoglu and Partal 2018; Han and Singh 2020; Li 
et al. 2020; Nikakhtar et al. 2020; Tokgoz ve Partal 2020). 
In addition, Coban (2013) do an extensive nationwide trend 
analysis by using annual total rainfall in 80 city centers of Tur-
key between years of 1971 to 2010. He used Mann–Kendall, 
Regression and Sen Trend Methods in his analysis. As a result 
of analysis was determined trend in 13 city centers of Turkey 
(Coban 2013). Topuz et al. (2021) researched the trends of 
seasonal and annual precipitation time series of 29 stations 
for the period 1955–2013 by using a simple linear regression 
model and the well-known Mann–Kendall test in their study. 
Moreover, they used non-parametric Sen’s slope estimator to 
estimate the slope of the trend (Topuz et al. 2021).

Considering studies in literature using IPTA and Trend Pol-
ygon Star Concept Methods, it is seen that there are very few 
studies. Ceribasi and Ceyhunlu (2020) have analyzed percep-
tion data of Susurluk Basin in turkey with IPTA. They used 
data of 10 rainfall monitoring stations in Susurluk Basin. The 
length of these data series has been determined as 12 years. 
As a result of study, they created IPTA graphics for each sta-
tion (Ceribasi and Ceyhunlu 2020). Sen (2021) proposed 
Trend Polygon Star Concept Method. In this study, differ-
ent versions of monthly polygonal trends were suggested for 
detection of possible climate change impacts. Among these 
were suggested serial, cross and double trend polygon meth-
odologies in addition to trend polygon stars. Applications of 
suggested methodologies were presented for a set of monthly 
precipitation records from Istanbul, Turkey in addition to 
New Jersey, USA monthly precipitation records and also for 
monthly Danube River discharges, Romania (Sen 2021).

In this study, IPTA and Trend Polygon Star Concept 
Methods are applied to monthly average temperature data of 
Susurluk Basin in Turkey. Data of 6 meteorological stations 
(Bandirma, Bursa, Dursunbey, Keles, Simav and Uludag) 
in Susurluk Basin are used. Length of this data is 22 years 
(1996–2017).

Materials and methods

Study Area

Vegetation of Susurluk Basin is steppe. One of the most 
important streams of Susurluk Basin is Simav Stream. Simav 
Stream originates in Kutahya and flows into Marmara Sea. 

The approximate length of Simav stream is 175 km. (Bulut 
and Saler 2018; Karinca, 2018; Albayrak et al. 2019; Cerib-
asi and Ceyhunlu, 2020; Gungor, 2020). Figure 1 shows the 
stations in the basin.

Table 1 contains detailed information of selected stations.
Figure 2 shows course line of data.

IPTA method

The time series to be used with this method produced by Sen 
can be monthly or yearly. For example, if monthly data set is 
analyzed with this method, the monthly data set is written in 
matrix format (Sen et al. 2019): 

Upper Series (First Half) 
n = 1,2,3,…..,n/2

Lower Series (Second Half)
n = n/2+1, n/2+2,….,n,

 
where:

i: represents months.
n: represents years.
Monthly data set is divided into two equal parts and arith-

metic mean or standard deviation of each data set is calcu-
lated. Then, the first monthly data set is placed on x-axis and 
second monthly data set is placed on y-axis in coordinate 
system. Hypothetical Innovative Polygon Trend Analysis 
(IPTA) method for monthly data formed in this way is given 
in Fig. 3.

Trend polygon star concept method

Trend Polygon Star Concept analyzes distance between 
two months in data set in graph, which is result of IPTA, 

Fig. 1   Location of selected stations and Susurluk Basin
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and shows analysis result by dividing it into four regions. 
Figure 4 shows hypothetical Trend polygon Star Concept 
Method (Sen 2021).

As seen in Fig. 4, the graphic area consists of four parts. 
Each arrow in figure is drawn from the point 0:0 (Origin). 
These arrows are drawn according to transition line between 
two months. The greater the length of arrow line, the greater 
transition between two months. On coordinate axis, X-axis 
represents the first half of data set and Y-axis represents 
second half of data set. The values on vertical and horizon-
tal axes of arrows showing transition between two months 
show change of first half in data set compared to second 
half. If direction of an arrow line is in I region, it results in 
an increasing trend in both axes. If direction of arrow line is 

in III region, it indicates that there is a decreasing trend in 
both axes. If direction of an arrow line is in II or IV region, 
change between both axes of data set appears as increasing 
or decreasing.

Results and discussion

In this study, IPTA and Trend Polygon Star Concept Meth-
ods were applied to monthly average temperature data. These 
analysis methods were applied separately for both arithmetic 
mean data and standard deviation data. Figure 5 shows the 
arithmetic mean results analyzed by IPTA method.

Table 1   Information of 
observation stations

No Station name Station no Location Altitude (m)

Latitude Longitude

1 Bandirma 17,114 40°19′53.4"N 27°59′47.4"E 20.00
2 Bursa 17,116 40°20′77.6"N 29°01′47.7"E 155.00
3 Dursunbey 17,700 39°34′40.1"N 28°37′55.9"E 672.00
5 Keles 17,695 39°54′54.0"N 29°13′52.7"E 1.240.00
6 Simav 17,748 39°05′33.0"N 28°58′43.0"E 830.00
7 Uludag 17,676 40°06′27.0"N 29°07′44.4"E 2.543.00

Fig. 2   Course line of monthly average temperature data of observation stations
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Table 2 contains the information of the results shown in 
Fig. 5.

The evaluation of the results given in both Fig. 5 and 
Table 2 can be summarized as follows:

1.	 Since not a single polygon is form in each station in 
Fig. 5, monthly average temperature data are not homo-
geneous.

2.	 The red arrows in Table 2 indicate that second monthly 
data set has higher temperatures than the first data set. 
The black arrows show that monthly data set is same as 
second data set.

3.	 There is no trend for Bandirma station in October, but 
there are increasing trends in other months.

4.	 There is no trend for Bursa station in four months, but 
there are increasing trends in other months.

5.	 For Dursunbey, Keles, Simav and Uludag stations, there 
is no trend in five months, while there are increasing 
trends in other months.

6.	 When all results for each station are generally examined, 
there is no trend in January, May, October and Novem-
ber, but an increasing trend is observed in other months. 
This situation can be considered as a result of climate 
change.

Figure 6 shows the standard deviation results analyzed 
by IPTA method.

Table 3 contains the information of the results shown in 
Fig. 6.

The evaluation of the results given in both Fig. 6 and 
Table 3 can be summarized as follows:

1.	 In Fig. 6 is seen that more complex polygons emerge of 
standard deviation graphs compared to arithmetic mean 
graphs.

2.	 For Bandirma station, while there are increasing trends 
in four months and decreasing trends in four months. 
There is no trend in other months.

3.	 For Bursa station, while there are increasing trends in six 
months and decreasing trends in three months. There is 
no trend in other months.

4.	 For Dursunbey station, while there are increasing trends 
in three months and decreasing trends in five months. 
There is no trend in other months.

5.	 For Keles station, while there are increasing trends in 
four months and decreasing trends in five months. There 
is no trend in other months.

6.	 For Simav station, while there are increasing trends in 
four months and decreasing trends in six months. There 
is no trend in other months.

7.	 For Keles station, while there are increasing trends in 
three months and decreasing trends in eight months. 
There is no trend in October.

Table 4 contains statistical values for six station analyzed 
by IPTA method.

The values shown in bold in Table 4 show maximum 
transition between two months. For example, when statisti-
cal results of Uludag station are examined, it shows that 
maximum length is between April and May for arithmetic 
average and between August and September for standard 
deviation. The maximum slope shows that arithmetic aver-
age is between January and February and for standard devia-
tion between February and March.

Trend Polygon Star Concept Method graphics of arithme-
tic mean analysis results are given in Fig. 7.

Fig. 3   Hypothetical innovative polygon trend analysis method for 
monthly data

Fig. 4   Hypothetical trend polygon star concept method for monthly 
data
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Fig. 5   Innovative polygon trend 
analysis method graphics of 
arithmetic mean analysis results 
for each station

Table 2   Evaluation of 
arithmetic mean analysis results 
for each station

Stations Jan Feb Mar Apr May June July Aug Sep Oct Nov Dec
Bandirma
Bursa
Dursunbey
Keles
Simav
Uludag

:  No Trend                :  Increasing Trend
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Fig. 6   Innovative polygon 
trend analysis method graphics 
of standard deviation analysis 
results for each station

Table 3   Evaluation of standard 
deviation analysis results for 
each station

Stations Jan Feb Mar Apr May June July Aug Sep Oct Nov Dec
Bandirma
Bursa
Dursunbey
Keles
Simav
Uludag

:  No Trend                :  Increasing Trend                :  Decreasing Trend
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When Fig. 7 is examined, arrows showing transition 
between both months for six stations (Bandirma, Bursa, Dur-
sunbey, Keles, Simav and Uludag) are in I and III region. 
Arrows showing transitions between the first six months 
(J-F, F-M, M-A, A-M, M-J and J-J) are in region III. Arrows 
showing transitions between other six months (J-A, A-S, 
S–O, O-N, N-D and D-J) are in I region. While months in I 
region show an increasing trend, months in III region show 
a decreasing trend. Trend Polygon Star Concept Method 

graphics of standard deviation analysis results are given in 
Fig. 8.

When Fig. 8 is examined, following results have emerged;

1.	 For Bandirma and Bursa Stations, arrows showing tran-
sition between both months are in four regions. The 
longest of arrows indicating transition between two 
months is arrow indicating transition between A-M 

Fig. 7   Trend polygon star 
concept method graphics of 
arithmetic mean analysis results 
for each station
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(April and May). This size turns out to be a highly 
increasing trend in transition between two months.

2.	 For Dursunbey and Simav Stations, arrows showing 
transition between both months are in four regions. The 
longest of arrows indicating transition between two 
months is arrow indicating transition between J-A (July 
and August). This size turns out to be a highly decreas-
ing trend in transition between two months.

3.	 For Keles Station, arrows showing transition between 
both months are in four regions. The longest of arrows 
indicating transition between two months is arrow indi-
cating transition between J-A (July and August). When 
this size is examined, second data set shows an increas-
ing trend compared to first data set.

4.	 For Uludag Station, arrows showing transition between 
both months are in four regions. The longest of arrows 

Fig. 8   Trend polygon star 
concept method graphics of 
standard deviation analysis 
results for each station



1958	 Acta Geophysica (2021) 69:1949–1961

1 3

indicating transition between two months is arrow indi-
cating transition between A-S (August and September). 
When this size is examined, second data set shows a 
decreasing trend compared to first data set.

Statistical values for six station of Trend Polygon Star 
Concept Method are given in Table 5.

The values shown in bold in Table 5 show maximum 
transition between two months. For example, when statisti-
cal results of Bandirma station are examined, it shows that 
maximum horizontal is between October and November for 
arithmetic average and between April and May for standard 
deviation. The maximum vertical shows that it is between 
April and May for both the arithmetic mean and the standard 
deviation.

When IPTA Method results are compared with results 
of scientific study analysis conducted by Turkes and Sumer 
(2004), the following results are obtained:

1.	 While in Bandirma station is generally observed an 
increasing trend, in study conducted by Turkes and 
Sumer is generally observed decreasing trends.

2.	 In Dursunbey station is observed increasing trends in 
seven months (Feb, Mar, Apr, June, July, Aug and Sep), 
but no trend was observed in five months (Jan, May, 
Oct, Nov and Dec). In study conducted by Turkes and 
Sumer is observed no trends in 12 months in general for 
Balıkesir station.

3.	 While in Bursa, Keles and Uludag stations are gener-
ally observed an increasing trend, in study conducted 
by Turkes and Sumer is seen decreasing trends.

4.	 In Simav station is generally observed an increasing 
trend. In study by Turkes and Sumer is generally seen 
increasing trends. Therefore, analysis results of both 
studies give similar results.

When IPTA results are compared separately for common 
stations with results of scientific study analysis conducted 
by Ceribasi and Ceyhunlu (2019), the following results are 
obtained:

1.	 Comparing the results of both meteorological (Precipita-
tion and Temperature) analyses for Bandirma station, a 
decreasing trend is seen in September as a result of arith-
metic mean analysis of precipitation parameter, while 
arithmetic average analysis of temperature parameter 
indicates an increasing trend for September. In stand-
ard deviation analysis results for precipitation and tem-
perature parameters, the biggest change is seen in July, 
August and October.

2.	 When the results of both meteorological (Precipitation 
and Temperature) analysis for Dursunbey station are 

compared, it is seen that there is generally an increas-
ing trend as a result of arithmetic average analysis of 
precipitation parameter, while temperature parameter is 
not a trend as a result of arithmetic mean analysis. In 
standard deviation analysis results for precipitation and 
temperature parameters, the greatest change is observed 
in March, April, August, November and December.

3.	 When the results of both meteorological (Precipitation 
and Temperature) analysis for Keles station are com-
pared, a decreasing trend is seen in February, March and 
September as a result of arithmetic average analysis of 
precipitation parameter, while arithmetic average analy-
sis of temperature parameter does not show an increas-
ing trend in these months. In standard deviation analysis 
results for the precipitation and temperature parameters, 
the biggest change is seen in January, March, August and 
October.

4.	 Comparing the results of both meteorological (Precipi-
tation and Temperature) analyzes for Simav station, a 
decreasing trend is observed in February, March, Sep-
tember and December as a result of arithmetic average 
analysis of precipitation parameter, while arithmetic 
average analysis of temperature parameter does not show 
an increasing trend in these months. In standard devia-
tion analysis results for precipitation and temperature 
parameters, the biggest change is seen in May, August 
and December.

5.	 When the results of both meteorological (Precipita-
tion and Temperature) analysis for Uludag station are 
compared, a decreasing trend is observed in March as 
a result of arithmetic average analysis of precipitation 
parameter, while arithmetic average analysis of tem-
perature parameter does not show an increasing trend 
in this month. In standard deviation analysis results for 
precipitation and temperature parameters, the biggest 
change is seen in January, February, March, April, May 
and September.

Conclusion

IPTA and Trend Polygon Star Concept Methods were 
applied to monthly average temperature data of Susur-
luk Basin. As a result of study, IPTA and Trend Polygon 
Star Concept graphics created. Moreover, trend slopes and 
lengths of temperature data were calculated. On the other 
hand, horizontal and vertical of monthly average tempera-
ture data for each station of Trend Polygon Star Concept 
Method were calculated.

After these analyzes, following evaluations were made:

1.	 Since there was not a regular polygon in IPTA graphics 
of each station, it was seen that monthly average tem-
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perature varies by years. While this change was seen 
increasingly in most months of each station in arithmetic 
mean graphs, in standard deviation graphs, in months of 
each station were seen as both increasing and decreas-
ing.

2.	 When Trend Polygon Star Concept graphics of each sta-
tion were examined, arrows showing transition between 
two months for each station in arithmetic mean analysis 
results were located in I and III region. Arrows showing 
transition between two months for each station occur-
ring in results of standard deviation analysis were also 
located in four regions.

As a result, analyzing a hydro-meteorological (such as 
Precipitation, Humidity, Snow) parameter with both meth-
ods used in this study will reveal a more detailed trend result 
for this parameter. Moreover, the result of this trend will be 
very important in many engineering applications such as 
water supply, water resources, hydroelectric power genera-
tion, agricultural activities and irrigation practices.
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