Arabian Journal of Geosciences (2019) 12: 704
https://doi.org/10.1007/s12517-019-4903-1

ORIGINAL PAPER

®

Check for
updates

Innovative trend analysis of total annual rainfall and temperature
variability case study: Yesilirmak region, Turkey

Ugur Serencam’

Received: 25 May 2019 / Accepted: 11 October 2019 /Published online: 19 November 2019
© Saudi Society for Geosciences 2019

Abstract

It is well known that any kind of ordinary hydrometeorological parameter trend may have increasing or decreasing tendency
systematically. Various methodologies are developed for possible trend identification such as the well-known Mann-Kendall test
and recently Sen innovative trend analysis (ITA) approaches. The former has a set of assumptions, whereas the latter is almost
without any restrictive assumption. The main purpose of this paper is to present precipitation and temperature trend behaviors by
applying ITA in Yesilirmak drainage basin. Selected observation stations are mainly located at the Black Sea confluence region of
Yesilirmak while few others at the middle and upper drainage basins. ITA provided visual inspection with quantitative trend
slopes distinctively for low, medium, and high sub-levels with physical interpretations. Based on categorization, precipitation
records have significant decreasing trends in low, medium, and high levels as an average —3.4%, — 3.8%, and —2.4%, respec-
tively. In contrary to precipitation trend, and consistent to global expectation in climate change, temperature records have
significantly strong increasing tendency along the basin. In sub-level of temperature, this strong trend tendencies are detected

+4.6%, +4.8%, and + 7.2% from low to high ranges, respectively.
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Introduction

Global warming due to the Green House Gas (GHG) concen-
tration increases leading to climate change tendencies, which
attracted researchers’ and people’s attention due to the unex-
pected and adverse results on sectoral damages (Hobbs 2003).
According to the observed global average temperature trends
in previous records, the global average temperature has in-
creased by about 0.74 °C since comparing pre-industrial time
(UNFCCC 2007). In the same period, although the precipita-
tion on the land surface has decreased in the tropics, increases
are observed especially in the middle and high latitudes (IPCC
2007). These variabilities are often and intensively beginning
to occur as extreme precipitation and high summer tempera-
tures (Dabanli 2019). Recent climate modeling studies are
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conducted with identification of these change effects and
gained an improved ability to simulate many aspects of cli-
mate change, variability, and extreme events (IPCC 2014).

In climate change and hydrology studies, rainfall and tem-
perature parameters are accepted as the major factors under-
lying unexpected adverse effects on nature, agriculture, and
society (Cheung et al. 2008). As told by Riddle and Cook
(2008), these parameters have crucial importance for spatio-
temporal analysis of climate change to sustain logical analysis
output. Mathematical model for climate change impacts and
predictions is helpful to prevent adverse impacts of extreme
rainfall and high temperatures (Tabari and Talaee 2011). Trend
analysis for water resources has significant importance over
drought, water scarcity, and extreme precipitations, which
may result in flooding. In the northern Mediterranean region,
there are frequent water-stressed basins due to climate change
impacts. Vulnerable populations to unexpected impacts on
these regions are estimated to be from 1.4 to 2.1 billion
(Arnell 2004; Alcamo et al. 2006).

While total precipitation amount increases, precipitation
variability has been changed in mid-latitudes. Frequency of
intensive precipitations tends to increase in those regions
(Dabanli 2019). In particular, Turkey has witnessed several
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Fig. 1 Study area and observation
stations in Yesilirmak basin

flooding on Black sea regions due to intensive rainfall. In
July 2019, more than six people disappeared after flooding
in Duzce province in the northern region. Prevention against
flood disaster, riverbed restoration, and watershed planning
are essential. In this planning, rainfall and temperature
trend magnitude should be considered while calculating
risk and other precautions. In most cases, observed data
is evaluated by calculating the average values by ignor-
ing the extreme events. Consideration of extreme data
instead of average values may help to decide on quali-
tative scientific definitions and predictions in factual
practices (Sen 2010; Dabanli et al. 2017).

Similarly, temperature records are expected to increase,
while monthly average precipitation records decrease in
mid-latitudes (Gocic and Trajkovic 2013). Jiang et al. (2014)

revealed that precipitation decrease due to climate change
may also reduce the flow rates around 20%. The limita-
tions in the spatial and temporal scopes of the monitoring
networks cause uncertainty in hydrologic variables’
trends (Huntington 2006). Trends of monthly and annual
record values have been examined by many researchers
and organizations depending on various parameters and
different methods (Kottegoda 2015; Hirsch and Slack
1984; Loftis et al. 1991; Lettenmaier et al. 1994;
Dabanli et al. 2017; Mortsch et al. 2009; Zhang et al.
2001; Helsel and Hirsch 2002; Libiseller and Grimvall
2002; Ondz and Bayazit 2003; Kahya and Kalayci
2004; IPCC 2007; Pujol et al. 2007; Kumar et al. 2010;
Tabari and Talaee 2011; UNDP 2012; Sen 2013; Sonali
and Nagesh Kumar 2013).

Table 1 Observation stations and

related information in Yesilirmak Rainfall and temperature Height above Drainage Average Highest-average-lowest

basin observation gauges’ sea level (m) area (km?) rainfall (mm/year) temperature values
codes and names (°C/Year)
D14A030 (Susehri) 838 305.30 684.6 39.2;10.4; —26.2
D14A169 (Tokat) 652 652.00 6514 45.0;12.5;-23.4
D14A157 (Dokmetepe) 545 3550.00 193.0 41.0;11.3;-22.2
D14A090 (Corum) 727 3669.00 444.6 42.6;10.7, —27.2
D14A019 (Havza) 615 52.60 695.0 38.7;10.3; —23.1
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Fig. 2 Illustration of decreasing,
increasing, and trendless regions
(Dabanli et al. 2016)

In this study, meteorological variables (temperature and
precipitation) are analyzed by Sen’s 1:1 (45°) innovative

Fig. 3 Precipitation and
temperature trends and anomalies
in the Susehri station Figures 3—7
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Table2  Trend analysis results summary

Parameters Precipitation (mm) Temperature (°C)
Sub-group Low Medium High Low Medium High
Reference interval <60 60-80 >80 <0 0-10 >10
Stations Average trend slope (%) Average trend slope (%)
Susehri -3 -4 -1 +5 7 8
Tokat -4 -4 -3 +5 4 7
Dokmetepe -4 -4 -3 3 4 7
Corum -3 -3 -3 5 4 7
Havza -3 -4 -2 5 5 7
Average -34 —38 —24 +46 +48 +72

of 1970-2013 years) in the north part of Turkey.
Subsequently, climate change impacts on meteorological
variables are also interpreted under the light of the same
approach.

Tokat Temperature Trend
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Study area and data

Yesilirmak river basin is located in the northern part of
Turkey with approximately 39,595 km? area. The basin
is covered by Eastern Black Sea, Coruh, Firat, and
Kizilirmak basins as presented in Fig. 1. The
Yesilirmak river (519 km length) originates from Kose
mountains to the southwest of Sivas province. From the
upstream to the downstream, it passes through the plains
of Tokat, Turhal, and reaches to Amasya and Carsamba
plains. The Yesilirmak basin covers a part of Tokat,
Samsun, Amasya, Corum, Sivas, Yozgat, Giimiishane,
Giresun, Erzincan, Ordu, and Bayburt provinces with
the main branches of the river as Kelkit, Cekerek, and
Tersakan Streams. The Yesilirmak basin is divided into
32 sub-basins by the General Directorate of State
Hydraulic Works (DSI). Temperature and precipitation
data obtained from General Directorate of Meteorology
(MGM) are given in Table 1. In the basin, average
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Fig. 4 Precipitation and temperature trends and anomalies in the Tokat station
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annual precipitation is 646 mm and average annual flow is
5.80 km?/year for Yesilirmak river.

Methodology

Yesilirmak basin is selected for the trend application
studies due to its utmost importance for water resource
sustainability and management studies. For this purpose,
five regularly measured temperature and precipitation da-
ta at different sites are selected to show the present
situation.

A recorded hydro-climatic time series data is divided
into two equal length groups from the beginning date to
the end and both sub-series are separately sorted into
ascending order. The first sub-series (Xi) is located on
the X-axis and the other sub-series (Xj) on the Y-axis as
seen in Fig. 2. If data plots appear on the 1:1 (45°)
straight line or near to it, it implies that there is no trend

Fig. 5 Precipitation and

Dokmetepe Temperature Trend

(Dabanli et al. 2016). It is obvious that in the case of
increasing (decreasing) monotonic trend, the scatter
points fall above (below) the 1 : 1 straight line.

In this study, trend envelope lines are applied for sig-
nificant assessments of possible trends. These envelope
lines are generated as parallels to 1:1 (45°) straight line.
Thus, numerical trend assessments can be achieved easily
by consideration of = %5 or + %10 trend envelopes.

Result and discussion

Six observation stations are selected for the trend analysis
study. Figure 3 shows the results for the precipitation and
temperature trend and anomalies for Susehri station. It is pos-
sible to see that the precipitation data have a significant de-
creasing trend. This figure also illustrates that temperature
trend has increasing character, especially at the medium range,
where average precipitation values have a —4% decrease. In
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the same figure, temperature records have ascending trends
(5-10%). In particular, one can see those medium tempera-
tures between 0 and 10 °C, which are expected to increase (+
7%) more rapidly in future. All trend slopes are illustrated in
the figures and numerical values are presented in Table 2.
Precipitation and temperature anomaly limits are detected as
+ 14 mm and + 3 °C, respectively.

Tokat is located in the southeastern cost of the Yesilirmak
sub-basin. Figure 4 shows that precipitation innovative tem-
plate scatters have a descending trend for all range data values.
In precipitation, — 4% decreasing trend is detected for low and
medium ranges. In high ranges, this decreasing trend is calcu-
lated as — 3%. Temperature observations at this station have a
significant increase in all ranges. They are calculated as + 5%,
+ 4%, and + 7% for low, medium, and high ranges, respective-
ly. Precipitation and temperature anomaly limits are detected
as £12 mm and £2.5 °C, respectively.

Dokmetepe is located in the southeastern part of the
Yesilirmak sub-basin. Figure 5 shows that precipitation inno-
vative template scatters have a descending trend for all data

Fig. 6 Precipitation and
temperature trends and anomalies 30

Corum Temperature Trend
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Fig. 7 Precipitation and

Havza Temperature Trend

Havza Precipitation Trend
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innovative trend template scatters have significant de-
crease as presented for precipitation at the Tokat station.
According to figure, precipitation records can be split up
with 80 mm. Besides, temperature records at this station
have significant increase in all ranges. Strong consisten-
cy of trend is easily detectable between the Havza and
Tokat stations. The precipitation and temperature charac-
teristics are almost similar for these two stations.
Precipitation and temperature anomaly limits are detected
as £25 mm and +2 °C, respectively.

In precipitation, low, medium, and high ranges are
considered at low levels than 40 mm, at a medium level
between 40 and 80 mm, and at high level ranging more
than 80 mm, respectively. These limits are determined
based on expert judgment considering average values.
Detected trend slopes are presented in Table 2 based
on trend envelope lines. In this table, significant de-
creasing trends are valid for precipitation in all ranges.
Results prove that although basin has high precipitation
above country average, precipitation trends tend to

decrease. Precipitation anomalies are fluctuating around
1520 mm average in basin level.

In a similar manner, temperature sub-group limits are de-
termined as <0 °C, 0-10 °C, and < 10 °C for low, medium,
and high ranges, respectively. From the graphs, temper-
ature anomalies are fluctuating on the average around
2 °C in basin level. Increasing trends are calculated
for temperature records. These outputs strengthen cli-
mate change expected in the Yesilirmak basin by increasing
temperatures.

Conclusions

In this study, the innovative trend analysis (ITA) method is
employed for meteorological time series trend detections. The
ITA approach provides categorical trends within the low, me-
dium, and high data ranges, whereas other popular trend
methods do not provide categorical trends, but single mono-
tonic trend component within the time series. For the
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implementation, monthly precipitation and temperature re-
cords are considered or the 44-year duration from Yesilirmak
basin for trend analysis and anomaly presentation. It is ob-
served that the ITA trend test provides significantly decreasing
trend tendencies for precipitation in low, medium, and high
levels on an average — 3.4%, — 3.8%, and — 2.4%, respective-
ly. In contrast, precipitation trends are consistent with global
climate change expectations and, temperature records
have significantly increasing trends. In sub-levels of
temperature, this strong trend tendencies are detected
as +4.6%, +4.8%, and +7.2% from low to high ranges,
respectively. Moreover, the trends can be detected at
different categories with consideration of the trend en-
velope lines. Combination of these envelope lines with
the existing ITA method provides a supportive analysis
way for trend identification categorically. It also pro-
vides reliable interpretations for drought (low) and flood
(high) values to manage climate change effects on water re-
sources in future studies.
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