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Abstract: Rainfall erosivity is the main factor of the USLE or RUSLE equations. Its accuracy depends on recording
precision and its temporal resolution, number of stations and their spatial distribution, length of recorded period, re-
corded period, erosion rainfall criteria, time step of rainfall intensity and interpolation method. This research focuses
on erosion rainfall criteria. A network of 32 ombrographic stations, 1-min temporal resolution rainfall data, 35.6-year
period and experimental runoff plots were used. We analysed 8951 rainfalls from ombrographic stations, 100 rainfalls
and caused soil losses and runoffs from experimental runoff plots. Main parameter which influenced the number
of erosion rainfalls was the precondition AND/OR which determines if conditions of rainfall total (H) have to be
fulfilled simultaneously with rainfall intensity (I, or I,)) or not. We proved that if parameters I, > 6.25 mm/15 min
AND H > 12.5 mm were fulfilled, then 84.2% of rainfalls caused soil loss > 0.5 t/ha and 73.7% > 1 t/ha. In the case of
precondition OR only 44.6% of rainfalls caused soil loss > 0.5 t/ha and 33.9% > 1 t/ha. If the precondition AND was
fulfilled, there were on average 75.5 rainfalls, average R factor for each rainfall was 21 MJ/ha-cm/h (without units
below in the text, according international unit: 210 MJ/ha-mm/h) and average annual R factor was 45.4. In the case
of precondition OR there were on average 279 rainfalls but average R factor for each rainfall was only 9.1 and average
annual R factor was 67.4. Therefore if the precondition OR is used, R factor values are overestimated due to a high
number of rainfalls with no or very low erosive potential. The resulting overestimated soil losses calculated using
USLE/RUSLE subsequently cause an overestimation of financial expenses for erosion-control measures.
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The equations USLE (W1SCHMEIER & SMITH 1978)
and RUSLE (RENARD et al. 1997) are widely used
and accepted methods over the world for calculating
average annual soil loss. Development of geoinfor-
mation systems (GIS) brings a lot of possibilities for
integration with the equations as USLE/RUSLE-GIS
method. Using GIS tools different methods for esti-
mating each factor of USLE or RUSLE were developed.
These methods can provide different results even
when the same equation was used. Rainfall erosivity
is the main factor of the USLE or RUSLE equation

and highly influences permissible soil loss limits
and related financial expenses of erosion-control
measures. BRYCHTA and JANECEK (2017) presented
discrepancies in rainfall erosivity calculation and
estimation. Many authors developed different meth-
ods of R estimation due to a lack of optimal data for
calculation according to original methodology. In
general we can divide methods for rainfall erosivity
factor (R) calculation into two groups: (1) based on
low temporal resolution of rainfall data — yearly,
monthly or daily rainfall totals (SCHWERTMAN et

Supported by the Technology Agency of the Czech Republic, Project No. TACR TH02030125.

153


https://www.agriculturejournals.cz/web/swr/

Original Paper

Soil and Water Research, 14, 2019 (3): 153-162

al. 1987; RENARD & FREIMUND 1994; MIKHAILOVA
et al. 1997; VAN DER KNIJFF ef al. 2000; LOUREIRO
& CoUuNTINHO 2001; DiopATO & BELLOCHI 2007;
BonNiLA & VIDAL 2011; LEe & HEO 2011; PANAGOS
et al. 2012; HERMANDO & ROMANA 2015; PRETL in
BRYCHTA & JANECEK 2017), (2) based on high tem-
poral resolution of rainfall data — 1-30 min (JANECEK
etal. 1992, 2006, 2013; DoSTAL et al. 2006; ANGULO-
MARTINEZ et al. 2009; MEUSBURGER et al. 2012;
FIENER et al. 2013; KLik & KONECNY 2013; PANAGOS
etal.2015; HANEL et al. 2016; PANAGOS et al. 2017;
PRETL in BRYCHTA & JANECEK 2017; SOKOLOVA in
BRYCHTA & JANECEK 2017). In the methods based on
low temporal resolution data the key aspect of rain-
fall erosivity — rainfall intensity was not considered.
Several problems with the high resolution rainfall
data approach were discussed (PANAGOS et al. 2015,

https://doi.org/10.17221/91/2018-SWR

2017; HANEL et al. 2016; BRYCHTA & JANECEK 2017).
These authors defined mainly these uncertainties in
the R map creation: formulation of rainfall kinetic
energy, number of stations and their spatial distribu-
tion, recording temporal resolution, recorded time
period, interpolation method and used covariates
(cokriging method). BRYCHTA and JANECEK (2017)
highlighted also uncertainties connected with the
type of used recording equipment and especially
with determination of erosion rainfall criteria. For
the application of a high resolution rainfall data ap-
proach long-term continual data from a network of
specific rain gauges — pluviographs/ombrographs
are necessary. Therefore only a few studies in Eu-
rope used this approach. WiscHMEIER and SMITH
(1978) and RENARD et al. (1997) considered 22-year
records as a minimum for the representative R fac-

Table 1. Summarization of criteria used for all created R maps for the Czech Republic and some other countries or areas

Erosion rainfall criteria

Author Period RS SQL total intensity Range R OR
(mm) (mm/X min)

PRETL in BRYCHTA and JANECEK (2017) 20 years 9 (1) OR >12.5 > 6.25/15 30-72 -
TOMAN et al.(1993) 20 years (2) OR > 10 > 20/60 18-26 22
SOKOLOVA (1992) 15-50 years (3) (3) OR > 10 > 20/60 - 19
JANECEK et al. (1992) 15-50 years (4) 102 (4) OR > 10 > 20/60 3-37 20
BANASIK et al. (2001) 1960-1988 9(5) OR >12.7 > 6.3/15 43-97 64
DosTAL 2006 2000-2005 7 (4) OR >12.5 > 24/60 44-85 73
JANECEK et al. (2006) 1961-2000 3 (4) AND =125 > 6/15 - 45
ANGULO-MARTINEZ et al. (2009) 1997-2006 112 (6) OR > 12.7 > 6.35/15 4-450 89
JANECEK et al. (2012) 1971-2000 31 (4) AND >125 > 6.25/15 18-113 41
MEUSBURGER et al. (2012) 1988-2010 71(7) OR > 12.7 > 8.45/20 12-561 133
ROZNOVSKY in KrRAsA et al. (2014) 2003-2012 106 (4) AND >12.5 >0.4/1 37-110 69
FIENER et al. (2013) 1937-2007 108 OR =10 > 10/60 45-85 -
Krik and KONECNY (2013) 24.5 years 53 (9) OR > 10 >10/60 27-170  88/98*
PANAGOS et al. (2015) 1961-1999 35 (4) OR > 12.7 >12.7/30 22-109 52
PANAGOS et al. (2015) 17.1 years 1541 (10) OR > 12.7 >12.7/30 5-623 72
HANEL et al. (2016) 1989-2003 96 (4) OR > 12.7 > 8.5/20 32-152 64
ROZNOVSKY (2016)** 1971-2014 245 (4) OR >12.5 > 6.25/15 . o
Pjiﬁi{i‘{‘gﬁ;ﬁéf“d SENENT- 1992-2013  12(11) OR  >125  2625/15  38-570 60
BrYCHTA and JANECEK (2017) 1961-2000 31 (4) AND >125 > 6.25/15 29-65 46
PANAGOS et al. (2017) 1961-2013 1890 (10) OR > 12.7 > 12.7/30 - 497

RS — number of rain gauge stations; SQL — precondition AND/OR; X min — used time step according to authors 1-60 min;

(1) northern and northeastern Bohemia region; (2) south Moravia region; (3) south Bohemia region; (4) Czech Republic;
(5) eastern and central Poland; (6) Ebro valley, Spain; (7) Switzerland; (8) western Germany; (9) Austria; (10) Europe; (11) Gua-
dalentin Basin (SE Spain); * Lower Austria/Upper Austria;** not published ongoing research of CHMI; *** information for the

European continent
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tor calculation due to an apparent cyclical pattern
in rainfall data (HANEL et al. 2016). HANEL et al.
(2016) and FOSTER et al. (2003) considered 15 years
as sufficient in accordance with VERSTRAETEN et al.
(2006). RENARD et al. (1997) recommended longer
records than 22 years. According to VERSTRAETEN et
al. (2006) more than 10-year records should be used.
In Table 1 we summarized recorded period lengths
used for all created R maps for the CR and some other
countries or areas. For the area of the Czech Republic
several works were published especially in the last
years by JANECEK et al. (2006, 2013), HANEL et al.
(2016) or BRYcHTA and JANECEK (2017). JANECEK
et al. (2006) highlighted the importance of erosion
rainfall criteria — rainfall total and rainfall intensity.
This means that the rainfall fulfilling these criteria
causes a significant soil loss. We summarized these
criteria used by several authors in Table 1. Most
of the authors agree with minimal rainfall total of
12.5-12.7 mm. The main difference is in the rain-
fall intensity criteria. The preconditions OR/AND
determine if the rainfall intesity and rainfall total
criteria are fulfilled simultaneously or not. JANECEK
et al. (2006) confirmed that both criteria should be
fulfilled simultaneously (precondition AND).

METHODS

We used data from 8-year monitoring of experi-
mental runoff plots, which includes total 100 rainfall-
runoff events and caused soil losses. The highest
temporal resolution (1-min) rainfall data were mea-
sured using 2 ombrographs. Parameters of rainfall
amount, 15- and 30-min intensity (I, I,,) and an-
tecedent precipitation index (API) were calculated.
Dimensions of plots were 25 x 2 m with the slope
of 15%. Plots were with bare soil and soil erodibility
factor was 0.49. Using level gauges runoff volumes in
collecting containers were measured. Experimental
plots were cultivated after every rainfall event. After
every rainfall event which caused runoff soil losses
were analysed. Summarization of measured results
is shown in Table 3. According to these results R fac-
tor maps with different erosion rainfall criteria were
calculated (Table 2).

We used records from a network of 32 ombrographic
stations with the highest temporal resolution 1-min
rainfall data for the period 1955-2000 with an average
length of 35.6 years. Geographic location of used sta-
tions is shown in Figure 1. We analysed 8951 rainfall
events based on 1-min temporal resolution. For the

Table 2. Parameters of erosion rainfall used for R calculation

Rainfall intensity Precondition Rainfall total

Conditions (mm/min) (mm)
1 > 6.25/15 AND >12.5
2 > 6.25/15 OR >12.5
3 > 6.25/15 - -

4 - — > 12.5
5 >12.5/30 AND > 12.5
6 >12.5/30 OR >12.5
7 >12.5/30 - -

AND - conditions of rainfall total and rainfall intensity are
fulfilled simultaneously; OR — at least one of both conditions
is fulfilled; conditions 4 = 6,5 =7

calculation of R factor values was used methodology
according to WiscHMEIER and SMITH (1978) with
modification of erosion rainfall parameters accord-
ing to Table 2 using Eq. (1-3):

R = E x I,,/100 (1)

where:

R - rainfall erosivity factor (MJ/ha-cm/h)
E - total kinetic energy of rainfall (J/m?)
I, — maximum 30-min intensity (cm/h)

The total kinetic energy of rainfall is:
E=YE, (2)
i=1

where:
E, — kinetic energy of rainfall in the i-section:

E, = (206 + 87 log 1) x H; (3)
where:
I, - intensity of rainfall in the i-section (cm/h)

H_, - rainfall total in the i-section (cm)

Elevation (m a.s.l.
e 1600

— 135 S S

Figure 1. Geographic locations of used ombrographic
stations
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Note that we used a different unit in comparison
with international maps for example by PANAGOS et
al. (2015): MJ/ha-cm/h instead MJ/ha-mm/h.

For the interpolation of R factor values a geosta-
tistical method Empirical Bayesian Kriging was used
(PiLz & Srock 2007). Using map algebra in GIS
environment all created R maps were compared to
figure out differences in R values and their spatial
distributions caused by different erosion rainfall
parameters.

RESULTS AND DISCUSSION

Results of erosion rainfall criteria verification based
on monitoring parameters of 100 rainfall-runoff
events and caused soil losses and runoff volume on
experimental runoff plots are summarized in Table 3
and 4. We divided rainfalls into 4 categories:

(1) causing runoff > 5 m?/ha,

(2) causing runoff > 10 m?/ha,

(3) causing soil loss > 0.5 t/ha = erosion rainfall (ER),

(4) causing significant soil loss > 1 t/ha = significant
erosion rainfall (SER),

(5) causing runoff with the concentration of soil
particles > 50 g/1.

If only runoff volumes > 5 and > 10 m3/ha were
considered, there is only a 14.6% and 17.9% differ-
ence between preconditions OR and AND. If soil
losses > 0.5 and > 1 t/ha were considered, there is a
39.6% and 39.8% difference. It means if the precon-

https://doi.org/10.17221/91/2018-SWR

dition AND was fulfilled, there were 73.7% SER and
84.2% ER. For cases where the precondition OR was
fulfilled, there were only 33.9% SER and 44.6% ER.
It means that significant soil loss usually occurred
when both conditions of rainfall total and intensity
were fulfilled simultaneously (precondition AND).
This is consistent with the statements by JANECEK et
al. (2006, 2013) and BRYcHTA and JANECEK (2017). If
we focused on each of these parameters individually,
there were 38.6% more ER if the rainfall intensity (I,)
parameter > 6.25 mm/15 min was fulfilled than if
the rainfall total (H) > 12.5 mm was fulfilled. These
results proved that significant soil loss occurred if
conditions of at least rainfall intensity were fulfilled.

In some cases when the erosion rainfall parameters
were not fulfilled, API index was high or API + H >
30 mm and even more the rainfall intensity was very
close to 6.25 mm/15 min (Table 5). It means that
moisture content in soil can play a very important
role. That is why the above-mentioned criteria set by
WisHMEIER and SMITH (1978) do not correspond to
R = 0 but approximately R = 4 (JANECEK et al. 2013).

We tested the influence of moisture content ex-
pressed by APl index. If API + H>12.5 mm AND I >
6.25 mm/15 min, there were 71.4% SER and 85.7% ER.
If we increased the condition of API + H to 25 mm,
the number of erosion rainfalls rapidly decreased.
Notice that in every case when the precondition
AND or at least intensity was fulfilled, then a high
percentage of significant erosion rainfall occurred.

Table 3. Results of experimental rainfall-runoff event monitoring for 15-min intensity

H (mm) s oL N Q>5 Q=10 G>0.5 G>1 C>50
(mm/15min) (m®ha) (%) (m%ha) (%) (t/ha) (%) (t/ha) (%) (g/1) (%)
>12.5 >6.25 AND 19 19 100.0 15 789 16 842 14 737 12 632
>125 > 6.25 OR 56 46 821 36 64.3 25 446 19 339 15 268
- > 6.25 - 22 22 1000 17 773 18 818 15 682 14 636
>125 - - 52 43 827 33 635 23 442 16 308 13 250
H+API>125 >625 AND 21 21 1000 17 810 18 857 15 714 14 667
H+API>125 >6.25 OR 89 57 640 43 483 30 337 23 258 19 213
H+API>25 625 AND 14 14 1000 12 857 12 857 9 643 8 571
H+API>25  >625 OR 58 38 655 32 552 25 431 23 397 15 259
API> 125 >625 AND 7 7 100 7 100 7 100 5 7143 5 714
API > 12.5 > 6.25 OR 58 45 7759 35 6034 26 4483 22 3793 18 31.0
H+API>25  >315 AND 27 26 963 23 85.2 18 667 14 519 11 407
H+API>25  >3.15 OR 78 54 692 42 53.8 29 372 22 282 18 231

H — rainfall total; I, — max. 15-min rainfall intensity; SQL — preconditions AND/OR; N — number of rainfalls; % — percentage

of rainfalls fulfilling given criteria; Q — runoff volume; G — soil loss; C — concentration of soil particles in runoff; API — ante-

cedent precipitation index; the best results and therefore the recommended methodology is highlighted in bold
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Table 4. Results of experimental rainfall-runoff event monitoring for 30-min intensity

H L, SOL Q>5 Q=10 G>05 G=1 C>50
(mm) (mm/30min) (m3/ha) (%) (m®ha) (%) (t/ha) (%) (t/ha) (%) (g/l) (%)
>12.5 >12.5 AND 13 13 100.0 10 76.9 11 84.6 8 61.5 9 69.2
>12.5 >12.5 OR 54 44 81.5 34 63.0 23 42.6 17 31.5 13 24.1
H+ API> 125 >12.5 AND 9 9 100.0 8 88.9 8 88.9 5 55.6 6 66.7
H+ API> 125 >12.5 OR 89 57 64.0 43 48.3 30 33.7 23 25.8 19 21.3
H+ API > 25 >12.5 AND 4 4 100 4 100 4 100 2 50 3 75.0
H+ API > 25 >12.5 OR 55 43 78.2 33 60.0 22 40.0 18 32.7 14 25.5
API> 125 >12.5 AND 13 13 100.0 10 76.9 11 84.6 8 61.5 9 69.2
API > 125 >12.5 OR 53 40 75.47 31 58.49 22 41.51 21 39.62 15 28.3

H — rainfall total; I,) — max. 30-min rainfall intensity; SQL — preconditions AND/OR; N — number of rainfalls; % — percentage

of rainfalls fulfilling given criteria; Q — runoff volume; G — soil loss; C — concentration of soil particles in runoft; API — ante-

cedent precipitation index; the best results and therefore the recommended methodology is highlighted in bold

If the precondition OR or at least rainfall total was
fulfilled, there was a substantially lower percentage of
erosion rainfall. The main reason is an overestimation
of the number of rainfalls fulfilling the precondition
OR which do not cause any soil loss. In all cases if
[,.> 6.25 mm/15 min and the precondition AND
was fulfilled, the runoff volume (Q) >5 m?/ha. But
that did not apply in the case of precondition OR
(see Table 3 and 4).

PANAGOS et al. (2015, 2017) created R map using
REDES database and available rainfall datasets from
Europe and from the whole world. These datasets were
in different temporal resolution 5-60 min. According
to YIN et al. (2007) and WILLIAMS and SHERIDAN
(1991) R factor is underestimated with the decreas-
ing time step used. As a compromise PANAGOS et al.
(2015, 2017) or BALLABIO et al. (2017) used a 30-min
time step of rainfall intensity. In Table 4 we tested also

Table 5. Rainfall parameters causing soil loss > 0.5 t/ha or significant soil loss > 1 t/ha

API + H H API Ii5 I, Q G C
Date q
(mm) ) (t/ha) (g/l)
8.7. 16.20 15.5 0.7 9.6 10.5 6.75 0.44 6.6 101.2
12.5. 34.70 11.9 22.8 10.95 11.7 11.53 0.97 15.4 133.3
21.6. 42.50 39.1 3.4 19.5 21.9 61.86 1.58 19 55.4
22.6. 58.80 19.7 39.1 19.5 19.8 5.98 0.30 0.8 55.4
11.9. 19.90 19.9 0 18 18.9 14.34 0.72 60.2 254
19.6. 24.90 22.6 2.3 15.75 19.5 7.66 0.34 16.2 212
23.7. 53.80 30 23.8 26.85 27 33.39 1.11 118.5 433
19.8. 31.70 23.8 7.9 10.35 15.3 4.43 0.19 4.3 962.4
22.6. 24.00 13 11 5.1 8.7 0.91 0.07 0.6 70.5
24.6. 26.40 55 20.9 5.25 51 1.69 0.31 1.2 69
9.7. 26.20 21 5.2 17.1 19.2 7.59 0.36 46.9 617.2
28.9. 23.90 23.9 0 14.1 17.7 0.79 0.03 44.3 178.3
8.8. 13.10 13.1 0 6.45 7.2 3.8 0.29 2.8 74.1
10.8. 46.70 25.2 21.5 16.8 20.7 19.4 0.77 12.3 57.5
11.8. 59.00 9.8 49.2 7.2 9.3 1.97 0.20 1.3 63.8
24.8. 31.00 11.4 19.6 6 7.2 1.9 0.17 1.1 57.5
4.7. 12.80 12.8 0 7.95 9 2.25 0.18 4.4 124
7.7. 21.50 5.2 16.3 1.95 2.7 2.25 0.43 1.1 51
8.7. 30.40 8.4 22 4.35 5.1 2.25 0.27 2 82

API - antecedent precipitation index; H — rainfall total; I, — max. 15-min rainfall intensity; I, — max. 30-min rainfall intensity;

Q — runoff volume; q — runoff coefficient; G — soil loss; C — concentration of soil particles in runoft
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Figure 2. Evaluation of the depen-

+ API+H

T v dence of observed parameters on
= H soil losses

60 —= i G - soil loss; API — antecedent pre-

50 v ol cipitation index; H — rainfall total;

I,, — max. 15-min rainfall intensity;

I, — max. 30-min rainfall intensity;

H, — runoff; R — rainfall erosivity (in
MJ/ha-cm/h)

G (t/ha)

preconditions for 30-min rainfall intensity. In this case
itis logical that the precondition: I,, > 12.5 mm/30 min
AND H > 12.5 mm is the same as a simple precondi-
tion: I,,> 12.5 mm/30 min. Also the precondition: I, >
12.5 mm/30 min OR H > 12.5 mm is the same as the
precondition: H > 12.5 mm. The results of I, and I,  are
similar but I, underestimates the number of erosion
rainfalls. In Table 5 are summarized all parameters of
rainfalls which caused soil loss > 0.5 t/ha.

Figure 2 and Table 6 show the evaluation of de-
pendence of all observed parameters on soil losses
> 1 t/ha. The best correlation was found in I, with
r* = 0.82 and L, with r* = 0.786. For [,;and I, best
fits logarithmic function. Parameters H, API+H
and H, exhibit low correlations. R factor based on
parameters [, > 6.25 mm/15 min AND H > 12.5 mm
shows a statistically significant correlation r* = 0.55.

We also focused on rainfall parameters causing the
concentration of transported soil particles in runoff
volume > 50 g/1. For this purpose the precondition
with consideration of also API index: API + H >
12.5 AND I > 6.25 mm/15 min (66.7%) or API >
12.5 mm AND I > 6.25 mm/15 min (71.4%) shows

the best fit. All rainfall parameters which caused
soil losses and resulted in soil particle concentration
> 50 g/l are summarized in Table 5.

Our rainfall data have 1-min temporal resolution.
This is a very unique dataset. Moreover, this dataset is
for along-term period of on average 35.6 years. Using

Table 6. Evaluation of the dependence of observed para-
meters on soil losses

Parameter Function r’

I, y = 3.853In(x) + 3.917 0.820
L, y = 4.078In(x) + 5.167 0.786
H y = 3.335In(x) + 12.34 0.378
H, ¥ = 3.050x03% 0.276
H + API y = 28.64e%002 0.017
API y = —4.06In(x) + 21.38 0.147
Ranpis y = 5.167In(x) + 1. 329 0.550

I, — max. 15-min rainfall intensity; I, ) — max. 30-min rainfall
intensity; H — rainfall total; H, — runoff; API — antecedent
precipitation index; R, p;5
condition AND with I

— R factor calculated using pre-

Table 7. Statistics of resulting R values of all 8951 rainfalls from 32 ombrographic stations

Rainfall intensity

Rainfall total

Conditions (mm/min) Precondition (mm) OR OR, ON @ SD
1 > 6.25/15 AND > 12.5 45.4 21.0 75.6 22.4
2 > 6.25/15 OR > 12.5 67.4 9.1 279 14.4
3 > 6.25/15 - - 46.3 18.2 90 20.9
4 - - >12.5 66.6 9.3 265 14.9
5 > 12.5/30 AND >12.5 35.2 30.5 40.6 26.8
6 >12.5/30 OR > 12.5 66.6 9.3 265 14.9

@ R - average of annual average R factors of all stations; @ R, — average R factor for all rainfalls fulfilling given criteria 1-6;

@ N - average number of erosion rainfalls; @ SD — average standard deviation from @ R; condition 4 = 6
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(a) I>6.25mm/15min ANDH > 125mm (b) I>6.25mm/15 min OR H > 12.5 mm Figure 3. R factor values calculated

' using different criteria and inter-
polated using Empirical Bayesian
Kriging method

(¢) I>6.25mm/15 min (d) H> 12,5 mm (I > 12.5 mm/30 min OR H > 12.5 mm)

(e) I>12.5 mm/30 min AND H > 12.5 mm)

N

0 50 100 km
[ .|

32 ombrographic stations we analysed 8951 rainfalls  are shown in Table 7, Figure 3 and 4. The main impact
and the influence of selected rainfall parameters and  of different erosion rainfall parameters is reflected
preconditions (according to Table 2) on the resultant  in numbers of rainfalls fulfilling the given criteria.
R factor values and their spatial distribution. Results  In the case of precondition AND (condition 1 in

(a) (b)

l 57.5

w 37

()

48.9 oy
l Spatial difference

77 between rasters: +

(a) Figure 3b - 3a

(b) Figure 3d - 3c

EZ)) 1;?‘::: i‘;‘_i‘; o 80 100km Figure 4. Evaluation of spatial dif-

(e) Figure 3d - 3a

ferences caused by erosion rainfall
parameters
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Table 8. Statistical results of spatial analyses of differences
caused by erosion rainfall parameters

https://doi.org/10.17221/91/2018-SWR

Table 9. Correlation analyses of R factor values calculated
by different erosion rainfall parameters

Spatial

analysis Conditions* @ SD Min  Max
Figure 4a 2-1 20.5 6.2 11.6 426
Figure 4b 4-2 186 109 37 575
Figure 4c 1-5 9.3 1.9 6.7 15.6
Figure 4d 5-6 28.9 9.8 160 644
Figure 4e 5-1 19.6 8.3 7.7 489

*For details see Table 7; @ — average difference caused by ero-
sion rainfall parameters; SD — standard deviation

Table 7) there were on average 75.6 rainfalls per
station resulting in average annual R = 45.4 MJ/
ha-cm/h (without units below in the text), but with
high standard deviation (SD = 22.4 MJ/ha-cm/h) and
high average R of all rainfalls (R = 21 MJ/ha-.cm/h). If
the precondition OR was fulfilled, there were much
more rainfalls — on average 279 per station resulting
in average annual R = 67.4 with lower SD = 14.4.
The precondition OR exhibits particularly lower
average R of all rainfalls R = 9.1. It means that a high
number of rainfalls was with low erosion potential
and according to our results from Table 3 they did
not cause any significant soil losses. Conditions 3
and 5 according to Table 7 have similar results like
condition 1 but in the case of condition 5 the num-
ber of erosion rainfalls is highly underestimated
(more than twice). Conditions 4 and 6 are equal and
are also almost the same as condition 2. Using all
above-mentioned conditions R factor values were
calculated for all 32 stations and interpolated using
the Empirical Bayesian Kriging method (Figure 3).

We can observe from Figure 3 that maps (a), (c)
and (e) have a similar spatial distribution of R but
with the above-mentioned differences. Maps (b)
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AND,—OR,; (conditions 1 and 6 in Table 7); I,.—H (condi-
tions 3 and 4 in Table 7); AND, .—AND,  (conditions 1 and 5 in
Table 7); I, ,—1,, (conditions 3 and 5 in Table 7); AND,.-OR,,
(conditions 1 and 2 in Table 7)

and (d) have almost the same spatial distribution
and also R values. For each map an average for the
whole country (red colour number) is shown. The
comparisons in more detail are presented in Figure 4.
We can see the high R values in border mountain
areas in all cases. The main aspect resulting from
Figure 4 is a high overestimation of the number of
rainfalls fulfilling the precondition OR resulting in
an even twofold overestimation of R values especially
in mountain areas.

In Figure 4 are shown differences caused by the
given erosion rainfall parameters (Figure 3 and Ta-
ble 7). Results are summarized in Table 8. These
spatial analyses show differences between the pre-
condition OR/AND (Figure 4a, d) and H - I, (Fig-
ure 4b). There are significant differences increasing
in mountain localities where annual rainfall totals
are higher. In Figure 4c are demonstrated differences
between the used intensity criteria I,.~1,/. In this
case in the northeastern mountain area R factor is
underestimated due to a lower number of erosion

—— exp. (AND,.-OR ;)
— — exp. (I ;-H)

pow. (AND,.—~AND, )
- == pow. (I,,-15)
—— exp. (AND,.-OR,))

Figure 5. Correlation analyses of R factor values calcu-
lated by different erosion rainfall parameters

esp. — exponential function; pow. — power function; cor-
relation between conditions: AND, .—OR . (conditions 1
and 6 in Table 7); I,.—H (conditions 3 and 4 in Table 7);
AND,.—~AND, (conditions 1 and 5 in Table 7); I .—1,,
(conditions 3 and 5 in Table 7); AND,.—OR,, (conditions
1 and 2 in Table 7)
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rainfalls caused by lower time steps of rainfall inten-
sity. Approaches based on precondition AND with
15-min intensity and precondition OR with 30-min
intensity exhibit large differences (Figure 4e).

In Figure 5 we tested a dependence of R factors
calculated by the above-mentioned different ap-
proaches. All tested relations exhibit statistically
significant correlations. Results are summarized
in Table 9. Using these equations R values can be
converted to the method AND .: I, > 6.25 mm/15
min AND H > 12.5 mm.

CONCLUSION

We analysed erosion rainfall parameters based
on 100 casual rainfalls and caused soil losses and
runoffs from experimental runoff plots. Param-
eters I ., I,,, H, API, API+H and the precondition
OR/AND were evaluated. Only parameters I, and
I,, exhibit a significant correlation with soil loss
> 1 t/ha (I ; with r* = 0.82 and L, with * = 0.786).
The main parameter which influenced the number
of erosion rainfalls was the precondition AND/OR
which determines if conditions of rainfall total H or
soil moisture expressed by API have to be fulfilled
simultaneously with rainfall intensity (I, or I,,) or
not. Definition of erosion rainfalls was divided into
2 categories: rainfall causing soil loss > 0.5 t/ha and
significant soil loss > 1 t/ha. We proved that if pa-
rameters [, > 6.25 mm/15 min AND H > 12.5 mm
were fulfilled, then 84.2% of rainfalls caused soil
loss > 0.5 t/ha and 73.7% caused soil loss > 1 t/ha.
In the case of precondition OR only 44.6% rainfalls
caused soil loss > 0.5 t/ha and 33.9% caused soil loss
> 1 t/ha. In some cases the results were influenced
by soil moisture. We expressed soil moisture by API
index and if parameters I, > 6.25 mm/15 min AND
API+H > 12.5 mm were fulfilled, then 85.7% of rain-
falls caused soil losses > 0.5 t/ha and 71.4% caused
soil losses > 1 t/ha. This condition also exhibits the
highest percentage (66.7%) of rainfall-runoff events
that caused the concentration of soil particles in run-
off volume > 50 g/I. In the case of 30-min intensity
similar results were obtained. If the parameter I, >
12.5 mm/30 min, then 84.6% of rainfalls caused soil
loss > 0.5 t/ha and 69.2% caused soil loss > 1 t/ha.
IfI,,>12.5 mm/30 min AND API > 12.5 mm, then
61.5% of rainfalls caused the concentration of soil
particles in runoff volume > 50 g/I.

These results can be summarized as follows: the
precondition OR overestimates the number of rain-

falls in all cases in calculation of R factor. But the
high percentage of these rainfalls does not cause
any significant soil loss. We analysed 8951 rainfalls
from 32 ombrographic stations with 1-min temporal
resolution. If the precondition AND was fulfilled,
there were on average 75.5 rainfalls, average R factor
for each rainfall was 21 MJ/ha-cm/ha (without units
below in the text) and average annual R factor was
45.4. In the case of precondition OR there were on
average 279 rainfalls but average R factor for each
rainfall was only 9.1 and average annual R factor was
67.4. Therefore if the precondition OR is used, R fac-
tor values are overestimated due to a high number of
rainfalls with no or very low erosive potential. The
resulting overestimated soil losses calculated using
USLE/RUSLE subsequently cause an overestimation
of financial expenses for erosion-control measures.
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