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Abstract

Temporal and spatial variations in precipitation as a result of the effects of climate change generally cause a flood, drought, soil
erosion, etc. events to occur. For this reason, determining the precipitation variability in a region is quite important in protecting soil
and water resources and in struggling soil erosion. This study aims to examine the monthly and annual variation of precipitation,
annual and seasonal precipitation concentration (APCI and SPCI), annual and seasonal precipitation erosivity (AMFI) and SMFI, and
seasonality of precipitation (SI) of the Karatag meteorological station in the Seyhan Basin for the period 1970-2019. In addition, the
change of these parameters in the examined period was examined using the Mann-Kendall (MK) trend test. According to the results
obtained, generally irregular and strong irregular precipitation distribution was obtained in the APCI values calculated for the Karatas
station. According to SPCI analysis, SPClwiner values are uniform and moderate, SPClgyring Values are moderate, SPClsummer values are
strongly irregular, and SPClauumn values have moderate precipitation distribution. According to the AMFI values calculated to
examine the precipitation erosivity, it was determined that the precipitation generally constitutes a high (34%) and a quite high (40%)
erosion risk. According to seasonal MFI analysis results, SMFIwiner values generally show a high and very high erosion risk,
SMFIspring and SMFIsummer values show no or very low erosion risk, and SMFIauumn values show moderate, high and very high (about
62%) erosion risk. According to the SI analysis results of the 50-year study period, about half of the SI values represent significant
seasonal precipitation with a long dry season. The Mann-Kendall trend results of monthly total precipitation, annual total
precipitation, APCI, SPCI, AMFI, SMFI and SI values show that there are no significant trends for the 1970-2019 period.

Keywords: Erosivity, Mann-Kendall; Precipitation Concentration Index, Seasonality, Trend.

Karatas Ol¢iim Istasyonu 1970-2019 Periyodu Yagis Verilerinin
Konsantrasyon, Erozivite ve Mevsimsellik Degerlendirilmesi

Oz

Iklim degisikligi etkilerinin bir sonucu olarak yagislarda meydana gelecek zamansal ve mekansal degiskenlikler genellikle taskin,
kuraklik, toprak erozyonu vb olaylarinin olusmasina neden olmaktadir. Bu nedenle bir alan ya da bdlgedeki yagis degiskenliklerinin
belirlenmesi toprak ve su kaynaklarmin korunmasi, toprak erozyonu ile miicadelede olduk¢a oOnemlidir. Bu g¢alisma Seyhan
Havzasinda bulunan Karatas meteoroloji istasyonuna ait 1970-2019 periyodundaki yagis verilerinin aylik ve yillik degisimini, yillik
ve mevsimlik yagis konsantrasyonunu (APCI ve SPCI), yillik ve mevsimlik yagis erozivitesini (AMFI) ve SMFI) ve yagisin
mevsimselligini (SI) incelemeyi amaglamaktadir. Ayrica bu parametrelerin incelenen periyottaki degisimi Mann-Kendall (MK) trend
testi kullanilarak incelenmistir. Karatas istasyonu i¢in hesaplanan APCI degerlerinde genellikle diizensiz ve giiglii diizensiz yagis
dagilimi elde edilmistir. SPCI analizlerine gore ise genellikle SPClk,s degerleri {iniform ve orta diizey, SPClipanar degerleri orta diizey,
SPCly,, degerleri giiclii diizensiz, SPClsonbanar degerleri ise orta diizey yagis dagilimina sahiptir. Yagis erozivitesini incelemek i¢in

* Corresponding Author: ckoycegiz@ktun.edu.tr

http://dergipark.cov.tr/ejosat 118



http://dergipark.gov.tr/ejosat

European Journal of Science and Technology

hesaplanan AMFI degerlerine gore ise yagislarin genellikle yiiksek (%34) ve cok yiiksek (%40) erozyon riski olusturdugu

belirlenmistir.

Mevsimsel MFI analiz sonuglarina gore ise genellikle SMFIk,s degerleri yliksek ve c¢ok yiiksek erozyon riski,

SMFTiikbahar Ve SMF1y,, degerleri erozyon riski yok veya c¢ok diisiik, SMFIsonbanar degerleri ise orta, yiiksek ve ¢ok yiiksek (yaklagik
%62 oraninda) erozyon riski gostermektedir. 50 yillik ¢alisma periyoduna ait SI analiz sonuglarina goére ise SI degerlerinin yaklagik
yaris1 uzun bir kurak mevsim ile belirgin bir sekilde mevsimsel yagislar1 temsil etmektedir. Aylik toplam yagis, yillik toplam yagis,
APCI, SPCI, AMFI, SMFI ve SI degerlerinin Mann-Kendall trend sonuglar ise 1970-2019 periyodu i¢in anlaml trendler olmadigini

gostermektedir.

Anahtar Kelimeler: Erozyon, Mann-Kendall, Yagis Konsantrasyon indeksi, Mevsimsellik, Trend.

1. Introduction

Climate change and global warming cause changes in
almost all components of the hydrological cycle. Precipitation is
both one of the most important components of the hydrological
cycle and one of the climate components where the effects of
climate change are felt the most (Degefu & Bewket, 2013).
Precipitation is a climate component with a temporally and
spatially variable and complex structure. Changes in the
seasonality of precipitation can have significant effects on the
magnitude and timing of erosive precipitation, which
significantly affects water resource management, agricultural
production, socio-economic activities and the ecosystem
(Diodato & Bellocchi, 2009; Back et.al.,, 2019; Zhang et al.,
2021). One of the most important consequences of high
precipitation events is flooding, but it can also cause soil
erosion. Soil erosion can result in increases in the amount of
sediment moving into rivers and the amount of pollutants
reaching water supply systems. This can significantly affect
water quality (Jebari et al., 2008; Munka et al., 2007). Therefore,
understanding the variability of precipitation characteristics is
important in assessing soil erosion and identifying areas exposed
to this risk. It is thought that the findings to be obtained will be
useful in determining the strategies to be applied for the
protection and management of soil and water resources,
especially in arid areas where important signs of such threats
occur (Apaydin et al., 2006; Bayramin et al., 2006; De Luis et
al., 2010; Guhathakurta & Saji, 2013; Jebari et al., 2008; Huang
et al., 2015). Many studies have been conducted in the literature
on the temporal and spatial characteristics, seasonality, erosivity
and concentration of precipitation (Guhathakurta & Saji, 2013;
Doyle, 2020; Zhang et al., 2021; Khalili et al., 2016; Nery et al.,
2017; Nunes et al., 2016; Bayramin et al., 2006). Although it is
known that precipitation varies greatly regionally and seasonally
throughout Turkey, these features need to be represented by
precipitation change indices. Such studies are important in terms
of providing data for the approach and mathematical equations
used for the assessment of flood and drought as well as soil
erosion hazards.

This study aims to examine and evaluate i) temporal
variation of monthly and annual precipitation data of Karatas
meteorological station located in Seyhan Basin, ii) changes in
seasonality, concentration and erosivity of precipitation. Non-
parametric Precipitation Concentration Index, Modified Fournier
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Index and Seasonality Index were used in these analyses. The
trends of annual, monthly precipitation and related precipitation
indices were examined by the Mann-Kendall test.

2. Material and Method

2.1. Study Area

In this study, precipitation data of Karatag station 17981
located in Seyhan Basin were used (Figure 1). This station has
an altitude of 220 m and is located at 36°34' north and 35°23'
east. Karatag station is in the downstream part of the Lower
Seyhan Plain sub-basin and is located within the borders of
Karatag district of Adana province. Karatas district is one of the
regions where irrigation is the most intense and groundwater
usage is the highest. Although the Mediterranean climate and
terrestrial climate are observed in the Seyhan Basin, the region
where Karatas station is located is under the influence of the
Mediterranean climate. In this study, monthly and annual
precipitation data for the period 1970-2019 measured at Karatag
station were used. While Pmean= 64.17 mm, Ppmin=0, Pnax=513.6
mm for monthly precipitation (P) data, Pmean= 770.05 mm,
Pmin=366.3, Pma=1269.6 mm for annual precipitation. The
standard deviation and skewness values of the precipitation data
are 80.82 (214.95) and 2.09 (0.33), respectively, monthly (or
annually). The variation of monthly and annual precipitation
over the period 1970-2019 is shown in Figure 2.

2.2. Methodology
2.2.1 Precipitation Concentration Index

The precipitation concentration index (PCI), developed by
Oliver (1980) to examine the magnitude of precipitation
concentration, expresses the degree of distribution of the annual
total precipitation over 12 months. PCI is a strong indicator for
the temporal distribution of precipitation (Zhang et al., 2019).
Annual PCI (APCI) and seasonal PCI (SPCI) are calculated
using Equations 1 and 2. In these equations, P; represents the
monthly precipitation in i"". According to the obtained PCI
values, the classification range is as follows. It is expressed as
PCI<10 (uniform precipitation distribution), 10<PCI<15
(moderate precipitation distribution), 15<PCI<20 (irregular
precipitation distribution), PCI>20 (strong irregular precipitation
distribution) (Zhang et al., 2019).
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Figure 1. Location of Karatas meteorology station (No: 17981) in Seyhan Basin
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Figure 2. Karatag station monthly and annual precipitation change for the period 1970-2019
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2.2.2 Modified Fournier Index

Modified Fournier Index (MFI), called precipitation
erosivity index, was first proposed by Fournier (1960) and later
developed by Arnoldus (1980). MFI is an index that deals with
the relationship between transported material, climate data and
topographic features. MFI is used as a guide in taking soil and
water protection measures in areas with erosion risk, considering

e-ISSN: 2148-2683

the erosive power of soils and precipitation characteristics. MFI
is calculated on the annual scale (AMFI) and seasonal scale
(SMFTI) with Equations 3 and 4.

2z, Pt

AMFI = ﬁ 3
_ R

SMFI = S 4)

By using this index, the erosion risk class values of
precipitation are evaluated as significantly low if MFI<60, low
between 60-90, moderate between 90-120, high 120-160 and
very high with MFI>160 (Nunes et al., 2016).
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2.2.3 Seasonality Index

The Seasonality Index (SI) was developed by Walsh and
Lawler (1981) and is an index that evaluates precipitation in
terms of seasonality and also determines the degree of seasonal
variation in precipitation. SI aims to characterize the distribution
of precipitation throughout the year and to classify the climate of
a region. The relative seasonality of precipitation shows the
degree of variation in monthly precipitation throughout the year
and considers seasonal variations in precipitation, rather than
months being "dry" or "wet" in absolute terms (Walsh & Lawler,
1981). Identifying changes in seasonal precipitation regime and

SI is essential for agricultural planning. The SI is a function of
the monthly and annual total precipitation and is calculated
mathematically by Equation 5.

()

In this equation, X; is the total precipitation for n months of
year i and R; is the total annual precipitation for year i. The
classification of precipitation regimes according to the obtained
SI values is given in Table 1.

1 R;
St =~ %2 | X — 2
i RiZn—l ni 12

Table 1. Seasonal precipitation regimes according to SI (Walsh & Lawler, 1981)

2.2.4. Mann-Kendall Test

Precipitation Regimes SI
Precipitation spread throughout by the year (very equable) <0.19
Equable but with a definite wetter season 0.20-0.39
Rather seasonal with a short drier season 0.40-0.59
Seasonal 0.60-0.79
Markedly seasonal with a long dry season 0.80-0.99
Most precipitation in <3 months 1.00-1.19
Extreme seasonality, with almost all precipitation in 1-2 months >1.20
5 35
The Mann-Kendall (Mann, 1945; Kendall, 1975) test is a ER
non-parametric test, a special application of Kendall's Tau test, 2 2
and is recommended by the World Meteorological Organization %: 20 |
(WMO) (Mitchell, et al., 1966). In this method, the order of the 58 \
data is based rather than the size, it can be used in the presence § Pvy L U |
of missing data and the data doesn't have to comply with a £ 1
certain distribution (Kahya & Kalayci, 2004). Calculation steps § s
and formulation of this method are not given here because they
0

are available in many studies in the literature (Bhatti et al., 2020;
Shawul & Chakma, 2020). If the z value calculated as a result of
the application of the method is positive, there is an increasing
trend, and if it is negative, there is a decreasing trend. If the
selected a significance level test statistic is |z|<Zcriticat, the HO
hypothesis is accepted, otherwise it is rejected.

3. Results and Discussion

3.1. Results of Annual and Seasonal Precipitation
Concentration Index

APCI and SPCI values were calculated using the monthly
total precipitation data of Karatag station and their temporal
changes are given in Figure 3 and Figure 4. According to Figure
3, APCI values vary between 13.42 and 29.74, and the average
APCI = 19.57 for the period of 1970-2019 examined. While
there is no uniform precipitation distribution in any year in the
precipitation data of Karatag station, generally irregular and
strong irregular precipitation distribution has been obtained in
the 50 years. There is moderate precipitation distribution in 10
years (20%), irregular in 22 years (44%), and strong irregular in
18 years (36%). In the APCI values obtained, the average,
irregular and strong irregular precipitation distribution values
vary between 13.43-14.84, 15.22-19.78 and 20.58-29.74,
respectively. The highest APCI value was 29.74 in 2015, and the
lowest APCI value was 13.43 in 1972.

e-ISSN: 2148-2683
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Figure 3. Temporal variation of PCI values on an annual scale

According to the graphs given in Figure 4, SPCI values
generally show uniform and moderate precipitation variability in
winter (December, January, February), and strong irregular
precipitation distribution (>20) has not occurred in any year. In
winter, there is an irregular distribution of precipitation in only
three years (1972, 1993 and 1998). The year with the highest
irregular precipitation was 1992 with SPCI=17.26 (Figure 4a).
According to Figure 4b, precipitation variability in spring
(March, April, May) is uniform (18%) in nine years, irregular
(16%) in eight years, and strong irregular (2%) in only one year.
64% of spring precipitation has moderate precipitation
variability. The only year with strong irregular precipitation
distribution was 2009 with SPCI1=21.12. According to the SPCI
graph (Figure 4c) in the summer season (June, July, August),
there was no precipitation in years with SPCI=0, while
precipitation occurred in only one month in years with SPC1=25
(strong irregular) value. 60% of precipitation in this season is
strongly irregular. The autumn (September, October, November)
season generally has precipitation distributions similar to the
spring season. According to SPCI values, precipitation generally
has a moderate precipitation distribution (Figure 4d). From the
temporal distribution graphs of the SPCI values in Figure 4, it is
seen that smaller SPCI values are obtained in the winter, spring
and autumn seasons with more precipitation and higher SPCI
values are obtained in the summer seasons with less precipitation
(Zhang et al., 2019).
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Figure 4. Temporal variation of PCI values on a seasonal scale: a) Winter, b) Spring, ¢) Summer, d) Autumn

3.2. Results of Annual and Seasonal Modified
Fournier Index

The temporal variation of the annual MFI (AMFI) values
obtained by using Karatas station precipitation data is given in
Figure 5. The AMFI values obtained vary between 51.57 (1993)
and 339.21 (1991), and the average AMFI value of Karatas
station precipitation for the 1970-2019 period was 152.72.
According to AMFI values, 6% (MFI < 60) of the examined 50-
year period does not occur precipitation at a level that can cause
erosion, while precipitation creates a low risk of erosion in 8%
(60<MFI<90). For the 50 years, the MFI ratios with moderate
(90<MFI<120), high (120<MFI<160) and very high (>160)
erosion risk were found to be 12%, 34%, and 40%, respectively.
Especially with the value of MFI=339.21, 1991 was the year in
which the precipitation, which created a very high risk of
erosion, was seen.
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Figure 5. Temporal variation of MFI values on an annual scale
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For Karatas station, MFI, which is an indicator of precipitation
erosivity and precipitation intensity, is calculated seasonally and
its temporal changes are given in Figure 6. The SMFI values
obtained for the winter season vary between 53.94 and 434.64,
with an average of 165.36 for the period 1970-2019. The highest
SMFI value for the winter season was obtained in 1992, as in the
PCI values obtained for the same season. SMFI values were
found to be very high (50%) and high (20%) erosion risk in
winter (Figure 6a). While a moderate erosion risk of 14% and a
low erosion risk of 10% were obtained, MFI values that do not
pose an erosion risk were obtained in only 3 years (6%). It is
seen from Figure 6b that the SMFI values obtained for the spring
are lower than the winter. SMFI values vary between 14.57 and
171.11 during this season. With a rate of 52% (MFI<60), most of
the precipitation does not have the risk of erosion. There is also a
low risk of erosion in 22% (60<MFI<90). MFI values are
between 90 and 120 at 9 years and between 120 and 160 at 3
years. According to Figure 6b, precipitation that poses a very
high erosion risk in the spring season was obtained only in 1996
(SMFI=171.11). For summer, SMFI values ranged from 0 to
73.5 (Figure 6¢). It can be seen from Figure 6¢ that, according to
the SMFI values obtained in the summer season, precipitation in
only four years creates a low erosion risk, while precipitation in
other years does not create an erosion risk. The change in the
SMEFI values obtained for the autumn is shown in Figure 6d.
SMFTI values vary between 13.06 and 427.91 in this season. The
average of the SMFI values for the autumn season in the
examined period is 132.04. For the autumn season, in the 50-
year period, 30% of the SMFI values are very high, 14% are
high, 18% are moderate, 14% are low erosion risks, while 24%
do not create a significant erosion risk.
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Figure 6. Temporal variation of MFI values on a seasonal scale: a) Winter, b) Spring, c) Summer, d) Autumn

3.3. Results of Seasonality Index

To evaluate the precipitation of Karatas Station in terms of
seasonality, the Seasonality Index (SI) was applied to the
monthly total precipitation in the 1970-2019 periods and the
temporal variation of the obtained values is given in Figure 7.
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Figure 7. Temporal variation of SI values on an annual scale

The SI values obtained vary between 0.64 and 1.21, with the
average SI=0.89 for the 50-year period. None of the SI values
are among the first three classes indicated in Table 1. It can be
seen from Figure 7 that the maximum SI value (>1.20) was
achieved only in 2010. There are heavy rains in one or two
months of this year and the precipitations show extreme
seasonality. SI values between 1 and 1.19 were achieved at only
11 years (22%) over a 50-year study period. This shows that
according to Table 1, most of the precipitation in the relevant
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years took place in less than three months. In Figure 7, it can be
seen that most of the SI values (46%) ranged between 0.8 and
0.99, which represents significant seasonal precipitation with a
long dry season according to the classification in Table 1. 32%
of the SI values are between 0.6 and 0.79%, which is
characterized as the seasonal regime (Table 1) in precipitation
and less precipitation is seen in winter months.

3.4. Results of Mann-Kendall Trend

Mann-Kendall (MK) trend test was applied in order to
examine the variation of the calculated APCI, SPCI, MFI, SMFI
and SI data with the monthly and annual total precipitation data
of the Karatag meteorological station in the Seyhan Basin for the
study period (1970-2019). The results are given in Table 2.
Obtained results were evaluated according to «a=0.05
significance level. Since the z values of the MK test statistic
given in Table 2 are less than the Zeiica=1.96 value, which
corresponds to a=0.05 significance level, as an absolute value,
there is no statistically significant trend in any of the examined
parameters. The fact that all p values in Table 2 are above 0.05
indicates that there is no significant trend. However, the negative
S and z values are given in Table 2 for monthly precipitation,
PClwiner, MFIspringg, MFIsummer indicate an  insignificant
decreasing trend for these time series, and positive S and z
values for other parameters indicate an insignificant increase
trend.
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Table 2. Mann-Kendall trend analysis results

Season S zZ p value Trend

Monthly Precipitation -1454 -0.30 0.7671 INT
Annual Precipitation 67 0.55 0.5809 IPT
Annual PCI 233 1.94 0.0523 IPT
Winter PCI -109 -0.90 0.3663 INT
Spring PCI 186 1.55 0.1217 IPT

Seasonal
Summer PCI 11 0.08 0.9333 IPT
Autumn PCI 12 0.09 0.9267 IPT
Annual MFI 205 1.71 0.0879 IPT
Winter MFI 3 0.02 0.9867 IPT
Spring MFI -145 -1.21 0.2284 INT

Seasonal
Summer MFI -34 -0.28 0.7825 INT
Autumn MFI 169 1.41 0.1599 IPT
Annual SI 177 1.47 0.1410 IPT

IPT: Insignificant positive trend
INT: Insignificant negative trend

4. Conclusions and Recommendations

It is very important to examine the temporal/spatial
variability, seasonality, concentration and erosivity of historical
precipitation data in order to combat flood and drought events
that may occur as a result of hydrological studies, water
resources management, agricultural production, socio-economic
activities, and the effects of climate change. At the same time,
examining precipitation variability in a given region is critical to
reliably conducting future climate projection studies. In this
study, annual PCI (APCI) and seasonal PCI (SPCI), annual MFI
(AMFI) and seasonal MFI (SMFI) and annual SI values were
obtained by using the monthly total precipitation data of the
Karatag meteorological station in the Seyhan Basin for the
period 1970-2019. According to the results obtained in these
indexes, most of the APCI values calculated for Karatas station
represent irregular and strong irregular precipitation distribution.
According to the SPCI results, in general, a uniform and
moderate precipitation distribution was obtained in SPClwinter,
moderate precipitation in SPClspring, strongly irregular in
SPClsymmer, and moderate precipitation in SPCIaywumn. According
to the AMFI values calculated to examine the erosivity of
Karatag precipitation, it has been determined that precipitations
in the 50-year period generally pose a high (34%) and a very
high (40%) erosion risk. According to the SMFI analysis results,
SMFlwinwer is generally high and has a very high erosion risk,
SMFIspring and SPClsummer have no or very low erosion risk, and
SMFIauumn has moderate, high and very high (about 62%)
erosion risk precipitation. Approximately half of the values
obtained in the SI analysis results of the 50-year study period
represent seasonal precipitation with a long dry season. In the
index values of precipitation concentration, erosivity and
seasonality, and the Mann-Kendall trend results applied to the
monthly total precipitation and annual total precipitation values,
no significant trends were found for the study period according
to the 0.05 significance level. However, insignificant negative
trends were found for monthly total precipitation, SPClwiner,
SMFIspring, SPClsummer, and insignificant positive trends were
found for other parameters.
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