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Abstract

Systematic and random changes occur in any hydro-meteorological record and have significant effects on human activities on
time and space scales. Although it is almost impossible to forecast the future behavior of any natural event accurately, researchers
can identify trend on systematic variations and seasonality rather accurately with random residual parts. On the other hand, the
role of trend is very significant in climate change studies and the Mann-Kendall test is the most employed method for trend
identification. However, this method requires restrictive assumptions such as the data length, normality, and serial independence.
Recently, innovative trend analysis (ITA) method is suggested for detailed trend determination and classification interpretations
in a given time series without restrictive assumptions. In this study, an ITA-change boxes (CB) approach is proposed, taking into
account quantitative changes with increasing or decreasing trends of the two half-time series obtained from the data. Given the
periodicity of the hydro-meteorological data, the data group is used to obtain two half-time series instead of the data. This allows
the researcher to numerically observe changes in trends beyond visualization. This approach assists to make more detailed
interpretations about trend possibilities within a given time series. The applications of the proposed approach are presented for

daily temperature and monthly rainfall and discharge records from Turkey, UK, and the USA.
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Introduction

In a given time series, there may be changes in the form of an
increasing or decreasing trend. There are a large number of
trend determination studies in water quality, temperature, rain-
fall, streamflow, evapotranspiration, and similar time series
records. In general, trend determination studies use Mann-
Kendall, sequential Mann-Kendall, and Sen (1968) slope es-
timator coupled with Spearman Rho (Mann 1945; Kendall
1975; Kahya and Kalayci 2004; Partal and Kahya 2006;
Bouza-Deaiio et al. 2008, Agha and Sarlak 2016). These
methods require some assumptions as normality, indepen-
dence, and long data length, which are not taken into consid-
eration in the most of applications. In order to alleviate the
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serial dependence assumption, pre-whitening process is pro-
posed by some researchers for converting a given time series
into its serially independent counterpart (von Storch 1995).
However, the process is found controversial by different re-
searchers due to removal of some portion of the trend (Yue
et al. 2002; Yue and Wang 2002; Bayazit and Onéz 2007).
Recently, Sen (2017a) proposed an over-whitening procedure,
which provides better results than the pre-whitening approach.

On the other hand, Sen (2012, 2014, 2017b) proposed an
ITA method, which does not need restrictive assumptions and
ensures visual inspection possibility about trend existence.
The method has been used in trend identification studies with
water quality, evaporation, precipitation, temperature,
streamflow, etc., data by different researchers (Sonali and
Kumar 2013; Timbadiya et al. 2013; Elouissi et al. 2016;
Giiclii et al. 2016; Oztopal and Sen 2016; Dabanli et al. 2016).

The main purpose of this paper is to enhance the visual
aspect of the ITA method through the innovative trend
analysis-change boxes (ITA-CB) approach for better interpre-
tations and detailed classification of trend possibilities in a
given time series.
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Innovative trend analysis-change boxes
methodology

Prior to the explanation of ITA-CB, it is necessary to review
the innovative trend analysis (ITA) method, which considers a
time series as two half subseries from the parent time series.
Each half is arranged in ascending order and then plotted
against each other to see the scatter diagram. On the same
scatter diagram, a 1:1 (45°) straight line is drawn as a presen-
tation of no-trend indicator. If the scatter points are above
(below) the 1:1 line, then there is increasing (decreasing) trend
(see Fig. 1). If all scatter points are more or less parallel with
the 1:1 straight line, then there is a monotonic increasing
(decreasing) trend. In a single monotonic trend case, it is not
necessary to look for “low,” “medium,” and “high” value
groups, because the monotonic trend has a trend slope. On
the other hand, if there are nonparallel scatters of points with
increasing or decreasing trends then the data are divided as the

Fig. 2 The graphical
representation of ITA-CB method
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low, medium, and high value groups for precision interpreta-
tions. The low, medium, and high value groups are arranged
according to expert view or the variation over time is consid-
ered in three strictly objective manner by considering the first
half-time series X; the mean X ; and the standard deviation, Sy,
which helps to determine the ranges of low, medium, and high
values as X < X—Sy,X—Sy < X < X+ Sy and X > X + Sy,
respectively.

In this article, an ITA-CB method is introduced to numer-
ically visualize changes in a time series on ITA scatter graph.
In this approach, unlike ITA, which calculates changes as
quantity, the changes are calculated in percent according to
the mean, and lower range and upper range indicate expected
minimum and maximum change domains on a time series (see
Fig. 2). Lower range and upper range values can be obtained
from climate change scenarios published by climate research
centers in IPCC reports, or are selected based on mean and
standard deviation as described above. Suppose that x;, x,,
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Fig. 3 The locations of observed stations

ey X2 V15 V25 e , Var2) are values in the first half (second
half) of a given time series in ascending order. First change
((r1 —x1)/(x1) x 100) is calculated and these operations are re-
peated n/2 times. At first, statistically, the minimum, average,
and maximum changes in each group such as low, medium,
and high are calculated from a given time series. Then, the
changes are plotted in their own groups in a box graph well
known in statistics science (see Fig. 2). In Fig. 2, the horizon-
tal axis shows groups such as the low, medium, and high while
vertical axis change percentages. Minimum, average, and
maximum changes represent the minimum, average, and max-
imum change percentages for their group. If the mean line is
close to the minimum (maximum) line, then there is a negative
(positive) trend in the trend slope in Fig. 2. As a result, if the
difference between the mean and maximum lines is small
(large), the trend slope increases (decreases). Such a represen-
tation provides easier and detailed ways to numerically inves-
tigate possible changes.

Study areas and data

The application of ITA is presented for temperature, rainfall,
and streamflow data from Turkey (Diyarbakir), UK (Oxford),
and the USA (Mississippi) (see Fig. 3). Diyarbakir City is
located on southeast of Turkey and with 20.4, 31.1, and
37.6 °C as minimum, average, and maximum July daily tem-
peratures, respectively, from years 1972 to 2005. In total, there

are 1054 daily temperature values measured by Turkish State
Meteorological Service for the analysis of July temperature
values of Diyarbakir City.

Oxford City is located on the southeast UK with 51.76
latitude and 1.26 longitudes and has 63 m altitude above mean
sea level. The city has 0.5, 54.77, and 192.9 mm minimum,
average, and maximum monthly rain values between from
years 1853 to 2016. Total number of monthly rain measure-
ment is 1968 and they are used in the analysis monthly rain
values for Oxford. Oxfordshire is drier compared to other
parts of UK, because it is more in the south and it does not
get ocean-borne air masses.

Finally, Pascagoula River is located in the southeastern
Mississippi, USA. The river flows into the Gulf of Mexico
via Mississippi Sound, which is a sound along the Gulf
Coast of the USA. Between 1931 and 2015, the minimum,
average, and maximum monthly discharge values of the river
are 20.22, 279.46, and 2003.98 m>/s. Measured by United
Stated Geological Survey (USGS), 1020 discharge values are
used to analyze the river monthly discharge. Statistical infor-
mation on the observed stations is briefly given in Table 1.

Application and results

ITA and ITA-CB methods are applied for trend determination
in the aforementioned records. The procedures as explained in

Table 1 Statistical and location information of the observation stations
Location Coordinate Data type Unit Data Observed years ~ Statistical features
number
Latitude Longitude Min  Mean  Max Std dev  Skewness
Diyarbakir City ~ 37.909  40.212 Daily temperature ~ °C 1054 1972-2005 20.4 31.1 37.6 233 -0.52
Oxford City 51.761  —1.262 Monthly rain mm 1968 1853-2016 0.5 5477 1929 31.38 0.76
Pascagoula River 30.978  88.727 Monthly discharge m*s 1020 19312015 2022 27649 2003.98 276.79 1.91
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the methodology section yield graphs for each location sepa-
rately in Fig. 4.

Diyarbakir July daily temperature time series is divided
into two halves, namely, the first half and second half (pe-
riod). For example, if the minimum value for the first
(second) half'is 20.4 °C (20.6 °C) for Diyarbakir July daily
temperature time series, then there is a 100x((20.4-20.6)/
20.4) =0.98% increasing change, and change percentages
are calculated statistically to obtain the minimum, mean,

@ Springer

and maximum change percentages (see Fig. 4a and b). The
calculated percentages are plotted according to low, high,
and “all” groups and demonstrated with minimum, mean,
and maximum levels on the graph. The ITA-CB process is
repeated for Oxford rainfall and Pascagoula River dis-
charge monthly time series (see Fig. 4c—f).

In Diyarbakir, July daily temperature time series have an
increasing trend on all groups (Fig. 4a). The low, high, and all
groups have increasing trends with 2.04, 1.13, and 1.54%
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Table2  Trends and change rates at all stations
Location Low group High group All group
Min. Mean Max. Min. Mean Max. Min. Mean Max.
change (%) change (%) change (%) change (%) change (%) change (%) change (%) change (%) change (%)
Diyarbakir City -0.84 2.04 6.30 -0.55 1.13 245 -0.84 1.51 6.30
Oxford City —26.73 0.21 20.00 -9.02 0.62 5.05 —26.73 0.39 20.00
Pascagoula River ~ —6.42 9.32 24.29 1.02 7.59 34.01 -6.42 9.06 34.01

values, while the change ranges are from — 0.84 to 6.3% on all
groups (Fig. 4b).

In the Oxford rainfall time series, the high group has a
higher trend rate than the low group, but it seems as though
there is a visually decreasing trend in the high group in Fig. 4c.
This state is originated from perspective (scale) matter. Thus,
minimum values have small quantities of change despite large
change rates; it is a visual illusion. On the average, there are
0.21, 0.62, and 0.39% increasing values in the low, high, and
all groups approximately while the change rates range from —
26.73 to 20% (Fig. 4d).

In the Pascagoula River monthly discharge time series,
there is increasing trend in all groups. The change rates
range from —6.42 to 24.29% and 1.02 to 34.01%, and —
6.42 to 34.01% in the low, high, and all groups, respective-
ly (Fig. 4f). The river has the biggest change rates in com-
parison with areas on the other locations. The average
change rates for the low, high, and all groups are 9.32,
7.59, and 9.06%. According to the visual interpretations,
the low group has a higher trend rate than the high group,
but it seems as though the high group has a higher trend
rate than the low group (see Fig. 4f). The summary of the
percentages of change of groups is presented in Table 2.

Conclusion

ITA is a practically applicable method for identifying trends in
a given time series for visual trend inspections, particularly
with low, medium, and high hydro-meteorological data
groups. In this paper, a modification of the ITA method is
proposed for better interpretations and is proposed as namely
the ITA-CB method that provides additional numerical inter-
pretations when compared with the ITA method. This method
gives a trend amount in percent for different groups in a given
time series. Especially, trend calculation in percent helps de-
termine trend in minimum value for visual inspection. Also,
ITA-CB prevents misleading comments such as infinite
change rate.

The applications of the proposed ITA-CB method are
presented for temperature, rainfall, and streamflow data
of Turkey (Diyarbakir), UK (Oxford), and the USA

(Mississippi), respectively. The study areas and the data
are selected from different regions of the world with dif-
ferent data types to demonstrate the effectiveness of the
method. ITA-CB differs from visual presentation in
Oxford rainfall and Pascagoula River discharge time se-
ries. This is due to the scale problem, which means that
even if the minimum values have a high trend rate, they
have a low trend quantity.
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