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Abstract. This study was performed by the reevaluation of historical Universal Soil Loss Equation using
field experiment data that was obtained between 1978 and 1995 in Tokat, Turkey. In the study area, the
annual average rainfall was 452 mm and about 50% of erosive rainfall events were less than 10 mm. The
duration of average erosive rainfall event was 6 h and the average event intensity was 3.83 mm h. The
average erosive rainfall time in daylight (06:00-18:00), night (18:00-06:00) and mix rainfall conditions
were 223.1 and 191.6, 450.2 min, respectively. The maximum rainfall amount, event intensity, storm
erosivity, the maximum intensity of 10 min (IM10), the maximum intensity of 15 min (IM15), the
maximum intensity of 30 min (IM30) were mostly occurred in daylight erosive rainfalls. But the
maximum soil loss and runoff produced by night erosive rainfall. This situation was attributed to the
short-term effect on soil erodibility of day and night temperature differences in spring which is rainfall
erosivity is high for the region. Higher correlation is observed between soil loss and IM10 compared to
IM30. USLE R-factor showed a good correlation with Modified Fournier Index (MFI) for the region. The
Mann-Kendal and Theil-Sen Slope estimator statistics to detect the direction and magnitude of an
available monotonic trend in some erosivity parameters as well as soil loss and runoff. Trend analysis
showed monotonic decreasing of all rainfall physical properties, soil loss and runoff.

Keywords: rainfall erosivity, modified Fournier index, erosion index, trend analysis, soil loss, runoff,
Turkey

Introduction

Erosion is the most severe and widespread environmental problem in Turkey, as well
as in worldwide. In the water erosion, the rainfall erosivity is the major factor for soil
loses. The universal soil loss equation (USLE) was the most common prediction model
and conservation planning tool in the United States and worldwide (Wischmeier and
Smith, 1978; Beasley et al., 1986; Young et al., 1989; Sharpley and Williams, 1990).
The rainfall erosivity factor (R) is the one of USLE factors and represents the
multiplication of rainfall energy and maximum 30 min intensity (EI30) by erosive
rainfall events in a year. This rainfall erosivity index is widely used for empirical soil
loss prediction. Its calculation, however, requires high temporal resolution rainfall data
that are not readily available in many parts of the world (Xie et al., 2014).

Rainfall erosivity is influenced by the rainfall type, amount, occurred time and
intensity of storm. In many parts of world, pluviograph records are not sufficiently
available in rural areas to calculate erosivity (Renard and Freimund, 1994; Yu and
Rosewell, 1996a). This limitation has, however, been met by the estimation of R values
from rainfall amount (Ferro et al., 1991; Salako et al., 1995). Several empirical
equations such as the KE > 25 (Hudson, 1971), the Aln (Lal, 1976), the Fournier index
(Fournier, 1960), the Modified Fournier Index (Arnoldus, 1977) and the physically-
based A index (Sukhanovski et al., 2002) have been setting to handle R factor values
from rainfall amount (Richardson et al., 1983; Renard and Freimund, 1994; Yu and
Rosewell, 1996b; Salako, 2008).
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In a study conducted in Santa Catarina, Brazil, daily precipitation graphs between
1989 and 2012 were used to calculate the various indices of precipitation erosion. The
indices were correlated with the respective soil losses from the standard plot of USLE
and the 30 min erosivity index (EI30) of rainfall recommended for the region (Jefferson
etal., 2014).

Renard and Freimund (1994) suggest the use of the MFI for areas where long term
data is not available. The Fournier index has been used to describe erosivity, in several
countries, e.g. Germany (Sauerborn et al., 1999), Argentina (Busnelli et al., 2006),
Spain (Angulo-Martinez and Begueria, 2009), Jordan (Eltaif et al., 2010), Cape Verde
(Sanchez-Moreno et al., 2014), Greece (Efthimiou, 2018).

Despite the importance of the effect of rainfall characteristics (duration, occurrence
time, etc.) on erosion occurrence and sediment delivery process, studies conducted on
this subject have been limited in the past decades. In a study, the role of rainfall
variability and extreme events were studied in long-term landscape development. The
result showed that low-intensity rainfall events with long durations, large magnitudes
and less return periods, contribute significantly to total soil erosion (Baartman et al.,
2013). Rainfall duration is among the most effective characteristics of erosivity factor
on runoff, splash and soil loss (Katebikord et al., 2017). In Masse (Central Italy) rainfall
data were used to determine of erosive characteristics of the region between 2008-2012
years. Within the data period, the rainfall total durations varied from 0.3 to 97.3 h. A
total of 228 single rainfall events was identified p > 1 mm 60 of them were named
erosive events and the other 168 have not produced runoff and soil loss and were named
non-erosive events. In the study, rainfall depth P, and duration D were determined in
detail. In the 58 erosive storms have a range of P, and D, respectively of
7.6 <P <148.6 mm, and 0.4 <D <97.3 h, and the 51 non-erosive storms have a range
of 1<P<19 mm, and 0.3<D <19.01 h. The rainfall of the region were defined
certainly erosive if D > 24 h and P > 20 mm (Todisco, 2014).

The 30 min maximum intensity (IM30) value of individual rainfall event is widely
used in various calculations. However, the effects of different rainfall intensity values
on runoff and soil losses are investigated. In a study in Iran, the 18 erosion plots were
placed on rangeland hill slopes and measured of runoff and soil loss from 2010 to 2011.
Thirteen maximum rainfall intensities were calculated and some of them are presented
as maximum intensity in 10, 20, 30, 40, 50, 60 and 90 min. The kinetic energy of storms
was computed by USLE R factor computation procedure (Wischmeier and Smith,
1978). The relationship between rainfall intensity and soil loss were varied across
intensities. In low rainfall intensities a linear function is fitted to soil loss-rainfall
intensity, and in high rainfall intensities nonlinear functions are fitted to soil loss-
rainfall intensity (Mohamadi and Kavian, 2015).

Runoff plot observations under natural rainfall conditions represent the primary
method for conducting water and soil conservation studies (Araya et al., 2011; Phan et
al., 2012). However, performing plot observations experiments is a time-consuming and
resource-intensive process (Cerdan et al., 2010). In Turkey, a project was carried out to
determine some factor values of USLE in 15 locations has different soil and climatic
conditions. The research results of all study locations were reported in a guide (Oguz et
al., 2006). Since erosivity varies significantly from year to year, at least 15 years of data
are required to obtain representative estimates of annual erosivity (Foster et al., 2003).
In the project, the study duration were chosen about 20 years to better represent the
climate and soil conditions of study locations. Therefore, the effect of humid, dry and
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normal climatic conditions on soil and water losses is considered to be sufficiently
represented. Tokat region was one of the study locations of this national project. Soil
losses and runoff records by erosive rainfall of the natural erosion plots were kept
regularly between 1978-1995 years. The purpose of that study was only determine some
USLE factor values of study locations so only a limited part of the data were presented.
It was thought that the reevaluation of this long period natural erosion plot data could
contribute to the solution of the current erosion problems of Tokat region. For this
purpose this article is structured in three sections. The first part of this research we
present rainfall characteristics of the study area such as several times maximum
intensities, erosive rainfall duration and amounts, occurrence times of soil and runoff
loss, and the correlation between soil loss, runoff and some several time maximum
intensities.

Secondly, comparison of the Modified Fournier Index (MFI) and USLE R factor
values for individual rainfall events.

Finally, we analyzed the trend of some rainfall characteristics, soil loss and runoff
amounts and estimated the steepness of the slope used the Mann-Kendall for testing
trend and Sen’s slope estimator to determine trends of variables in Tokat region for the
study period.

Materials and methods

The study was based on reevaluated historical natural Universal Soil Loss Equation
plot data between in 1978 and 1995 in Tokat, Turkey (40°18’N, 36°34’E). Tokat is
located in North Central Anatolia and lies at an average altitude of 600 m. It is situated
in the area of transition from Central Anatolia to the Middle Black Sea region. The
study area contains plain to moderately steep area with high vegetation entities and/or
under cultivation. The major vegetation types in plain area are vegetable, sugarbeat,
potato and wheat. Where, orchard and wheat are common in mild steep areas, and
grassland with Graminea and Fabaceae as dominant species in the moderate steep areas,
other types being shrub and meadow. The mean annual temperature is 12.6 °C and the
annual precipitation is 452 mm.

Study is conducted in Akis Soil Series, Typic Ustorthent which are moderate to well
drained soils, and with standard USLE conditions at a site with the standard slope
steepness of 9% and slope length of 22.13 m. Runoff plot was framed with a 20 cm high
border, to keep precipitation and runoff within the plot area. The plot had a collecting
tank and a container tank (0.56 m diameter and 1.00 m deep) at the lower end of the
slope to catch runoff and sediment.

Hourly rainfall data were collected using a tipping bucket rain gauge with totals
recorded every 24 h from 1978 to 1995. The rainfall charts from 1978 to 1995 were
used to handle a data set of some rainfall characteristics such as amount (mm), duration
(min) and time of occurrence (the 24 h day was separated as 06:00-18:00 h (daylight),
18:00-06:00 h (night) and if the rains occurred during both period we called mix). The
maximum intensities of 10 (IM10), 15 (IM15) and 30 (IM30) min for each erosive
rainfall were calculated from rain charts. Rainfall erosivity is computed using USLE-R
Factor calculation procedure (Wischmeier and Smith, 1978) with the help of erosion
index values of 30 min only (EI30). About 373 rainfall charts were analyzed for this
purpose.
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Rainfall erosivity was evaluated with USLE-R factor and Modified Fournier Indices.
The R factor is calculated with the help of Equations 1-4.

E, =0,119+ 0.0873 log logI (Eq.1)
where I: Intensity, mm ht; E,: Rainfall energy per unit of rainfall, MJ hat mm™.
E =E,*h (Eq.2)
where Eg: Storm energy, MJ hat, h: Rainfall amount, mm.
EI = E, = IM30 (Eq.3)

where El: Single storm erosivity, MJ mm ha? h'; IM30: the maximum 30 min
intensity, mm h.

R=>(E,*IM30) (Eq.4)

where R: Annual erosivity which occurred within in a year (R factor), MJ mm ha* ht yt,
Fournier is developed an erosivity index (Fournier, 1960) and this index was
modified by FAO (FAO, 1977) as follows (Eg. 5):

MFI=32, Z (Eq.5)

where pi is the rainfall in a month, mm and P is the annual rainfall, mm.

In the meteorological variables, parametric and non-parametric approaches have
been used over years. The most frequently used tests for identifying the variations in
meteorological variables have been nonparametric. The most popularized approach
among them is Mann-Kendal test (Kendall, 1975; Mann, 1945). The Mann-Kendall
nonparametric test was used to test for trend. This test is calculated as Equation 6
(Mohtar et al., 2015; Yurekli, 2015):

ZSgn(XJ - Xi) (Eq.6)

jeitH

g =

n-1 n
i=1

where n is the number of event, x; and X; are the observed events, and sgn is the sign
function.
The variance is given by Equation 7:

6l =18 {n(n ~1)2n+5)- iti(ti —1)2t, + 5)} (Eq.7)

=1

where n is number of events, m is the number of tied events, ti is the number of events
that are tied. For sample size greater than 10 the test can be given in Equation 8:
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5-1 if S>0
o;
Zyx =10 if S=0 (Eq.8)
S+1 if S<0
oq

For increasing rainfall trends, the values of Zmk is positive and for decreasing trend the
value of Zwk is negative.

Sen’s estimator for slope is a nonparametric test for the steepness of the trend. For N
pairs of data (Eq. 9):

Xj—X

Q, = “lfork=1,.,N (Eq.9)

j—i

where Xj and Xk are the values at times j and k (j > k), respectively. The N values of
Qk are ranked from smallest to largest. According to condition that N is odd or even,
the median concerning with total N values of is calculated by Equation 10:

Q[(Nﬂ) 9 if Nis odd

Q. = (Eq.10)

27! {Q[(N)f] + Q[(NQ)/]}if Niseven

/2

The confidence interval for Qmes Was obtained to determine the significance of the
slope.

Results and discussion

Rainfall distribution: The mean monthly rainfall and the coefficient of variation of
the rainfall were recorded from 1978 to 1995 (Table 1). The annual average rainfall was
452 mm, the minimum rainfall occurred in August and the maximum in May. The
maximum and minimum annual average rainfall occurred in 1993, with 604.5 mm and
in 1994 with 311.7 mm, respectively.

The monthly rainfall was divided into 13 groups considering the frequencies.
Monthly storm amount distribution between 1978 and 1995 in Tokat is given in
Figure 1, which shows that about 78% of monthly rainfall amounts were less than
60 mm and only about 22% of monthly rainfall exceeded 60 mm. In the region, the
monthly rainfall exceeding 70 mm was relatively low. 90-100 mm and 120-130 mm
monthly rainfall amount group was observed quite low frequency. No frequency was
observed in the 110-120 mm monthly storm amount group.

In the study period, totally 373 erosive single storm were occurred. Erosive single
rainfall events distribution between 1978 and 1995 in Tokat is given in Figure 2. As
shown in Figure 2, about 50% of erosive rainfall event were less than 10 mm and about
30% of erosive rainfall events were 20 mm. Only about 20% of erosive rainfall events
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were between 30 mm to 130 mm. There is a negative correlation between erosive
rainfall amount and frequency. This result showed that the erosive rainfall events of
Tokat region is generally occurs in low amounts.

Table 1. Monthly and annual averages of rainfall between 1978 and 1995 at Tokat city

Month Rainfall amount, mm Coefficient of variation, %
Jan 44 54
Feb 35 36
Mar 35 66
Apr 59 50
May 66 52
Jun 37 68
Jul 13 125
Aug 6 114
Sep 17 87
Oct 42 79
Nov 54 63
Dec 42 43

Annual average 452
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Figure 1. Monthly storm amount distribution between 1978 and 1995 at Tokat city
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Figure 2. Erosive rainfall amount distribution between 1978 and 1995 in Tokat
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Rainfall duration, event intensity and time of occurrence: The average erosive
rainfall event duration was 6 h and the average erosive event intensity (amount for an
event/total duration) was 3.83 mm h™’. Erosive rainfall was separated according to
daylight, night and mix as presented in Table 2, where differences between rainfall
characteristics and soil loss and runoff in different erosive rainfall time of occurrence,
are shown. In the study period, the number of the erosive rainfall occurred in daylight,
night and mix conditions were 74, 73 and 226, respectively.

Average erosive rainfall duration in daylight, night and mix rainfall conditions were
223.11, 191.58, and 450.18 min, respectively (Table 2). The average night erosive
rainfall duration was observed shorter than the other types. Mix rainfall has been found
having the longest rainfall duration. Jingi et al. (2011) studied the effect of rainfall
duration (5, 10, 15, 20, 25, and 30 min) on separation of soil grains and splash erosion
using splash collecting container, and their results indicated significant positive effect of
rainfall duration on soil splash. But under natural rainfall conditions, an erosive rainfall
has usually variable intensities. When a rain takes place in a prolonged period of time, it
generally causes the variables intensities of this rain to achieve lower energy levels.
Therefore, the long erosive rainfall duration mostly causes less soil loss and runoff than
shorter erosive rainfall duration. The erosive rainfall duration of daylight took place
between erosive rainfall duration of mix and night conditions. The average night erosive
rainfall amount was also at the lowest levels. The daylight was moderate, and the mix
had maximum rainfall amount.

Average erosive event intensity in daylight, night and mix rainfall conditions were
6.92, 4.51, 2.60 mm h! respectively. Maximum event intensity took place in daylight
erosive rainfall and minimum was in mix rainfall. Likewise storm erosivity (EI) was
35.72, 23.80 and 18.65 respectively in daylight, night and mix rainfall (Table 2).

In the study, maximum rainfall intensities (IM10, IM15 and IM30) of each erosive
rainfall are grouped for different time occurrences (daylight, night and mix rainfall
conditions) and we observed the maximum average values in daylight rainfall (Table 2).
Average erosive rainfall intensities (IM10, IM15 and IM30) were occurred the second
in night and the third in mix rainfall.

Soil losses and runoff values are grouped for three different time occurrences
(Table 2). The maximum soil loss and runoff are occurred in night rainfall. Even though
in night erosive rainfall had less storm erosivity, event intensity and several time
maximum intensities (IM10, IM15 and IM30) than daylight erosive rainfall, the most
soil loss and runoff was observed. This result might be caused by day and night
differences in soil conditions like infiltration, evaporation, etc. On the other hand,
because of the longer mix rainfall duration more rain infiltrated in the soil by decreasing
the runoff eventually the soil loss. Various rainfall properties such as the duration,
intensity and its energy have more impact on the erosion compared to the rainfall
amount. Although, the average erosive night rainfall amount is less than the mix erosive
rainfall amount, the maximum runoff occurred in night rainfall because of soil hydraulic
conditions.

The study showed that mix erosive rainfall characteristics were common in the Tokat
region. However, because these rainfalls have lower event intensity, storm erosivity and
several time intensities, they presented lower erosion risk. Interestingly, daylight
rainfalls which have higher erosivity parameters (event intensity, storm erosivity and
several time intensities) compared to night erosive rainfalls caused less soil loss. It is
believed that this situation was caused by the day and night time temperature
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differences causing short time changes in the soil erodibility. As a matter of fact,
erosive rainfalls are widely observed during April, May and June, when the day and
night time temperatures are quite high.

Table 2. The relation between some properties of the erosive rainfalls and soil losses and
runoff in Tokat

L Event Er_osive Event L .
Rainfall time Descriptive duration rainfall intensity Storm eI’OS!I/ItX IM1Q1 IM1571 IM3Q1 Soil |OSj Runoff
statistics min amount mm h MJmm ha* h?|mmh*| mmh* | mmh?| ton ha mm

mm

Average | 223.11 10.15 6.92 35.72 18.31 | 14.25 | 9.68 3.87 243
Minimum | 18.00 0.55 0.15 1.03 1.80 | 160 | 1.60 | 0.001 0.12
Daylight | Maximum | 732.00 35.30 60.51 768.36 199.80 | 134.00 | 78.80 | 19.32 13.72
rainfall St. dev. 164.78 6.63 13.67 13251 3468 | 2356 | 1478 | 6.15 4.15
Variance | 27524.78 | 44.19 | 187.44 17658.08  [1205.00| 555.80 | 218.70 | 38.03 17.29
cv 73.86 65.38 | 197.55 371.01 189.43 | 165.35 | 152.74 | 158.99 | 171.03
Average | 191.58 8.71 451 23.80 15.20 | 12.34 | 857 6.78 291
Minimum | 18.00 2.50 0.90 0.51 240 | 1.90 | 140 | 0.002 0.04
Night Maximum | 740.00 33.10 57.00 481.05 109.17 | 80.35 | 54.80 | 27.51 15.35
rainfall St. dev. 142.94 498 6.81 63.53 17.66 | 12.95 | 840 | 10.02 4.74
Variance | 20715.69 | 25.11 47.04 4091.66 316.18 | 169.92 | 71.50 | 120.40 | 25.01
cv 74.61 57.15 | 150.89 266.89 116.21 | 104.92 | 97.98 | 147.81 | 163.15
Average | 450.18 12.44 2.60 18.65 10.73 | 872 | 6.32 0.79 1.66
Minimum |  25.00 0.20 0.07 0.49 042 | 030 | 1.00 | 0.0003 0.01
Mix Maximum | 2172.00 | 44.30 20.67 279.35 85.23 | 62.97 | 43.00 | 8.22 15.92
rainfall St. dev. 349.41 7.89 2.86 39.10 12.92 | 9.40 | 6.20 1.68 3.07
Variance |122630.05| 62.46 8.21 1535.35 167.54 | 88.80 | 38.67 | 290 9.59
cv 77.62 63.38 | 110.00 209.64 120.41 | 107.80 | 98.19 | 213.82 | 184.45

Correlations between soil loss, runoff and several time maximum intensities (IM10,
IM15 and IM30): Some descriptive statistics for soil loss, runoff and several maximum
time intensities are presented in Table 3, which reveals that, the higher CV of variables
occurred in IM10, IM15, IM30, soil loss and runoff respectively. When the maximum
intensities are compared, the CV values of IM10 and IM15 are more changeable than
IM30.

Table 3. Descriptive statistics of soil loss, runoff and several time maximum intensities

Properties Min. Max. Mean St. dev. Variance cv
Soil loss, ton ha* 0.0003 27.51 2.20 4.88 24.28 221.66
Runoff, mm 0.01 15.92 2.00 3.50 12.38 174.64
IM 10, mm h'! 0.42 199.80 13.10 18.22 332.76 139.01
IM 15, mm h'! 0.42 134.00 10.53 12.95 168.27 123.07
IM 30, mm h't 1.00 78.80 7.43 8.45 71.57 113.77

The correlations between soil loss, runoff, IM10, IM15 and IM 30 are presented in
Table 4. According to correlation analyses, there is strong positive correlation between
properties (soil loss and runoff) and IM10, IM15 and IM30 values. The IM30 parameter
has been shown to be a better predictor of sediment yield than rainfall depth (Foster et
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al., 1982). Even though IM30 is widely adopted in the empirical estimation of event soil
loss (Bagarello et al., 2013; Kinnell, 2010), in our study, we found the maximum
correlation between soil loss and IM10 values. This may result IM10 values to describe
erosivity as a better parameter than IM30 for the region. IM15 values are medium
correlated between soil loss and IM15 values, while runoff and IM30 parameters
showed maximum correlation.

Table 4. Correlation coefficients between soil loss, runoff, IM10, IM15 and IM 30

Properties IM10, mm h! IM15, mm h*! IM30, mm h*!
Soil loss, ton hat 0.746™ 0.717™ 0.562™
Runoff, mm 0.805™ 0.781™ 0.815™
**p < 0.01

Trend and slope analyses: Trend analysis gave appropriate data to describe trend and
slope of some rainfall characteristics, MFI index, soil loss and runoff for the region. The
Mann-Kendall test and Sen’s slope estimator were used for this purpose. The Mann-
Kendall statistics for trend and Sen’s slope estimator is given in Table 5 for Tokat city.
The Mann-Kendall statistics showed significant trend for all parameters. The Sen’s
slope estimator had negative slope for research period for all parameters. The calculated
p values are smaller than the critical p value from the table of the standard normal
distribution. The Ho hypothesis related to no monotonic trend was rejected for all data
sets.

Rainfall erosivity is the ability of rainfall to cause erosion due to the function of
erosive characteristic of rainfall (Mikhailova et al., 1997). In Tokat region, some
physical characteristics of rainfall which is related to rainfall erosivity showed
decreasing trend whole study period. Likewise, similar trends exist for soil losses and
runoff.

Table 5. Trend and slope results for study area for study period (1978-1995)

Parameters z p-value Sen ClI for Sen
Daily rainfall, mm -3.50 0.00 -0.063 (-0.085, -0.044)
Erosive rainfall, mm -2.47 0.01 -0.013 (-0.019, -0.004)
Erosive rainfall duration, h -3.78 0.00 -0.034 (-0.046, -0.025)
R factor, MJ mm ha? h! -2.27 0.01 -0.010 (-0.023, -0.002)
MFI -3.50 0.00 -0.063 (-0.085, -0.044)
IM10, mm h! -3.11 0.00 -0.135 (-0.187, -0.060)
IM15, mm h? -4.05 0.00 -0.070 (-0.092, -0.046)
IM30, mm h! -2.82 0.00 -0.011 (-0.020, -0.005)
Runoff, mm -3.50 0.00 -0.063 (-0.085, -0.044)
Soil loss, ton ha* -2.47 0.01 -0.018 (-0.035, -0.004)

Comparison of R factor with Modified Fournier Index for the region: Computation
of the erosion index (EIl), which is basic for the determination of the R factor (Rain
Factor) of Universal Soil Loss Equation (USLE) is tedious and time consuming and
requires continuous records. Although there is pluviometer data in some rural areas but
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pluviograph data is not available in most areas. To handle this handicap some
researchers have introduced various indexes or models. The Modified Fournier Index
(MFI) is one of them. Several studies (Renard and Freimund, 1994; Diodato and
Bellocchi, 2007; Lee and Heo, 2011; Taguas et al., 2013; Yue et al., 2014) have shown
a high correlation between the R factor and rainfall parameters such as the MFI. In this
study we used Modified Fournier Index (MFI) and R factor of USLE to estimate and
compare each method to describe erosivity. To have a better understanding of MFI
performance, 216 monthly MFI values and R factor values were compared. A strong
correlation between them (r = 0.516**) was obtained. Monthly correlation coefficients
and some descriptive between R and MFI values are given in Table 6. Both methods
presented good correlation. The best correlations and maximum coefficient of variance
were found in summer session.

Table 6. Monthly correlation coefficients and some descriptive between R and MFI values

Correlation R values MFI values

coefficient | Min. | Max. | Mean | St. dev. CV | Min. | Max. | Mean | St. dev. cVv
Jan 0.822™ 0.00 5.22 1.86 1.61 86.56 | 0.35 | 17.16 | 5.72 5.31 92.83
Feb 0.707™ 0.00 3.61 1.16 1.04 89.66 | 0.59 | 10.54 | 3.24 2.61 80.56
Mar 0.694™ 0.00 5.03 1.22 1.43 117.21 | 0.01 | 23.86 | 4.03 5.49 136.23
Apr 0.632™ 0.79 | 36.05 7.45 8.65 116.11 | 1.52 | 34.27 | 9.34 8.93 95.61
May 0.862™" 1.34 | 83.79 | 13.63 21.00 154.07 | 1.40 | 67.18 | 12.21 15.05 123.26
Jun 0.846™ 0.00 | 138.13 | 13.11 31.92 24348 | 0.25 | 17.70 | 3.94 4.54 115.23
Jul 0.985™ 0.00 | 31.39 2.76 7.44 269.57 | 0.00 | 10.33 | 1.00 2.43 243.00
Aug 0.903™ 0.00 | 26.18 1.76 6.12 347.73 | 0.00 | 1.47 0.20 0.36 180.00
Sep 0.912* 0.00 | 58.85 8.41 17.29 205.59 | 0.00 | 4.79 1.11 1.50 135.14
Oct 0.689™ 0.00 | 10.79 3.96 3.57 90.15 | 0.03 | 33.10 | 5.82 8.66 148.80
Nov 0.696™ 0.00 8.31 2.70 2.43 90.00 | 0.01 | 27.32 | 8.18 7.96 97.31
Dec 0.646™ 0.00 3.00 1.09 0.83 76.15 | 0.63 | 15.66 | 4.46 3.57 80.04

**p < 0.01

Month

Conclusion

The rain gauge data from 1978 to 1995 were analyzed for Tokat, located in the
middle Black Sea region in Turkey, in order to characterize rainfall erosivity. The
annual average rainfall was 452 mm. The EI values of the erosive rainfalls during the
research period generally were low. A significant portion of the erosive rainfalls is
lower than 10 mm. Erosive rainfalls usually took place during April, May and June. The
highest EI values observed during the daylight erosive rainfalls, however with the
temperature increasing during the day soil presented lower erodibility. It is assumed that
this situation is linked to the higher soil temperature observed during the daylight
rainfalls increasing the infiltration and evaporation, causing lower levels of runoff.
Taking this result into consideration, it is recommended to carry out rainfall erosivity
studies considering the soil losses and runoff as well. Rainfall erosivity studies carried
out supported by soil losses and runoff will provide more reliable results.

Night erosive rainfalls which presents highest soil loss and runoff, created only
19.57% of all the erosive rainfalls. Although they have lower EI value than the daylight
rainfalls, night erosive rainfalls caused more soil loss and runoff. Night erosive rainfalls
almost created twice the soil loss compared to daylight rainfalls.
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The Modified Fournier Index (MFI) was calculated using long term monthly data
between 1978 and 1995. The MFI and R factor of USLE was compared and presented a
strong correlation between them. This result shows MFI is useful an index to estimate
rainfall erosivity which is not available pluviograph data for Tokat region.

According to trend analysis test results, the revealed findings indicated that the
negative trends of all test parameters for the region. Considering to this result, a
decrease tendency was determined in the erosion parameters of the region over time.

Tokat region rainfalls presented low erosivity. Mostly mix erosive rainfalls were
occurred in study period. Mix erosive rainfalls have longer event duration but lower
energy. Therefore, these rainfalls have lower erosion risk. Erosive rainfalls form almost
61% of the erosive rains. Although daylight and night erosive rainfalls have higher
erosion risk, being low in ratio decreases the erosion risk. Soil losses can be taken under
control by applying cultural practices on individual farmer basis, such as contour
farming, no tillage, forage crop farming etc. Taking these precautions for sustainable
farming does not create high levels of costs.
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