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Values of rainfall erosivity factor for the Czech Republic

Miloslav Janecek ' *, Vit Kvétori 2, Eliska Kubatova l, Dominika Kobzova l,

. v 1 1
Michaela VoSmerova *, Jana Chlupsova

! Czech University of Life Sciences Prague, Faculty of Environmental Sciences, Department of Land Use and Improvement, Kamycka 129,

165 21 Prague 6, Czech Republic.

iCzech Hydrometeorological Institute Prague, Zabovieskd 250, 156 27 Prague 5-Zbraslav, Czech Republic.
Corresponding author. Tel: +420 224 382 128. E-mail: janecekm@fzp.czu.cz

Abstract: The processing of ombrographic data from 29 meteorological stations of the Czech Hydrometeorological In-
stitute (CHMI), according to the terms of the Universal Soil Loss Equation for calculating long term loss of soil through
water erosion, erosion hazard rains and their occurrence have been selected, with their relative amount and erosiveness —
R-Factors determined for each month and years. By comparing the value of the time division of the R-Factor in the area
of the Czech Republic and in selected areas of the USA it has been demonstrated that this division may be applied in the
conditions of the Czech Republic. For the Czech Republic it is recommended to use the average value R = 40 based on

the original evaluation.
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INTRODUCTION

For many years the so-called Universal Soil Loss Equation
(USLE) for calculating long-term loss of soil due to erosion,
according to Wischmeier and Smith (1965, 1978), has been
widely used in the Czech Republic for determining soil erosion
risks and evaluating the effectiveness of anti-erosion measures.
The form of the above-mentioned equation is:

G=RxKxLxSxCxP, €))

where G is mean annual soil loss (t ha' year '), R is rainfall
erosivity factor, K is soil erosivity factor, L is slope length
factor, S is slope steepness factor, C is crop management factor,
P is erosion control practice factor.

The rainfall factor R, i.e. its erosivity, has been formulated in
the USA (Wischmeier and Smith, 1965). The aforementioned
had the largest amount of necessary data accessible at that time,
acquired from a network of meteorological survey stations
situated throughout the USA. The rainfall factor used for de-
termining the average annual loss of soil includes the influence
of exceptional precipitation events (intensive rainfall) as well as
average intensive rains.

The data indicate that, when factors other than rainfall are
held constant, soil losses in an area are directly proportional to
a rainstorm parameter: total energy of the rain (E) times the
maximum 30-min intensity (i3):

R=E .i3/100, 2
where R is rainfall erosivity factor (MJ ha' cm h™"), E is total
energy of the rain (J m’z), i30 1s maximum 30-min intensity (cm

hh).
The total energy of the rain is:

E=YE, (3)

where E; is the kinetic energy of rain in the i-section (n — num-
ber of rain sections):

E,= (206 + 87 log i,) . H, @

where i; is the intensity of rain in the i-section (cm h’l), H, is
rain total in the i-section (cm).

The occurrence of deep rill erosion and large amounts of
sediment deposits after extreme or intense precipitation has led
to the conclusion that important erosion events occur in connec-
tion with torrential precipitations and according to maximum
intensity. However, according to Wischmeier and Smith (1965),
data collected at several locations in the USA have shown that
this is not the case.

The data have shown that the R-Factor used for average
yearly soil loss must include the cumulative impact of excep-
tional precipitation events (torrential rains) as well as the im-
pact of precipitation with an average intensity. The average
yearly value of the R-Factor is determined on the basis of long-
term precipitation observations and represents the sum of the
yearly erosive impact of each torrential precipitation (is), i.e.
precipitations with a total of at least 0.5 inch (12.5 mm), pro-
vided that at least 0.25 inch (6.25 mm) have fallen within 15
min.

Rains which occur more than 6 hours after other precipita-
tion events are considered separately. According to Wischmeier
and Smith (1965) the R-Factor for a specific locality represents
the long-term average yearly sum of the kinetic energy coeffi-
cient (E;) of each torrential rain and its highest 30-min intensity
(#30)-

In the USA the Rainfall erosivity and runoff factor, i.e. ero-
sive impact of rain — R, has been assessed for each region in the
form of isoerodentic lines which have been charted on a US
map and published in Agriculture Handbook No. 282
(Wischmeier and Smith, 1965) and Agriculture Handbook No.
537. Wischmeier and Smith (1978) indicate that the coefficient
of conversion from U.S. units to S.I. units is 1.735. Therefore,
the rainfall erosivity factor R depends on the frequency of oc-
currence, kinetic energy, intensity and rain fall.

Similarly, this factor was regionalized in some other coun-
tries: in Germany, an R-Factor was calculated for the Bavaria
region by Schwertmann et al. (1987) according to the procedure
according Wischmeier and Smith (1978). It was found that the
values of R-Factor significantly correlated with average annual
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rainfall of N (mm) and even better, with average summer rain-
fall Ns (mm) and varies between 40-140 MJ ha ' ¢m h™'. For
the whole of Germany, R-Factor values were determined by
Deumlich (1993) and further correlation was achieved with
average annual precipitation totals during the summer (May—
September). According to Auerswald et al. (2009) the average
R-Factor for the rural area is approximately equal to Germany's
58 MJ ha' ¢cm h'". Additionally, several studies dealing with
the determination of the R-Factor have been conducted in Aus-
tria (Klik and Baumer, 1996). The current value for the R-
Factor in the Slovak Republic is equal to 20 MJ ha™' ¢cm h™,
however, Fulajtar (2003) is working to refine this value as it
should be substantially higher. In Hungary the calculation of R-
Factor was also formulated (Wischmeier and Smith, 1978) and
average values were found to be from 40 to 50 MJ ha' cm h™'
(Roksandic, 2011). For Poland, the same average R-Factor of
60.6 MJ ha ' cm h™' was determined by Rejman et al. (1998) as
well as by Wischmeier and Smith (1978). In Belgium, Salles et
al. (2002, 1999) found an average annual R-Factor value of
87.1 MJ ha™' cm h™", continued in the calculations Verstracten
et al. (2006). In Finland, the average R-Factor for a given study
area was determined by Wordof (2011) as 30.3 MJ ha'ecmh™.

For France, the R-Factor has been investigated by Strauss et al.
(1997), and for Italy, Diodato (2004) and Diodato and Belloc-
chi (2009) determine the values of R-Factor to be 200 MJ ha™'
cm h™'. In Slovenia, the value rainfall erosivity index E;3g was
determined in the range of 1580-2700 mm ha' h™' yr' by
Petrovsek and Miko§ (2004) and Braunovi¢ et al. (2009). For
non-European countries, R-Factors have been reported for
Japan by Santos et al. (2010), for parts of Africa by Angima et
al. (2002) and recently, Bonilla and Vidal (2011) observed very
considerable differences in the R-Factor for different regions of
Chile from 7.1 to 402.5 MJ ha™' cm h™". It would be possible to
list other countries, but in principle it can be stated that the vast
majority of procedures are based on relationships reported by
Wischmeier and Smith (1978).

METHODS AND MATERIALS

During the calculation of the R-Factor for the region of the
Czech Republic, the method of Wischmeier and Smith (1978)
has been systematically implemented. Preference has been
given to survey stations producing long term ombrographic
observation data (Table 1 and Fig. 1).

Table 1. R-Factor values assessed from data measured at ombrographic stations of the CHMU in MJ ha' em h™".

. . A R from OR
. . . . Number of Number of erosive rains Total from

Measuring station Observation period years (all .

years of all R rains) erosive

all cases @ peryear min  max rains

1 2 3 4 5 6 7 8 9 10
Brumov Bylnice 1961-1990 29 82 2.8 0 7 1713.2 59.1 20.9
Cervena 1961-2000 40 100 2.5 0 10 1763.7 44.1 17.6
Desna 1961-2000 38 97 2.6 0 7 1686.7 44 .4 17.4
Destné 1981-2000 19 61 3.2 0 7 1423.5 74.9 23.3
Doksany 1952-2000 48 78 1.6 0 5 1509.3 314 19.3
Doksy 1962-2000 39 88 2.3 0 6 1602.5 41.1 18.2
Hejnice 1970-2000 31 82 2.6 0 6 1671.1 53.9 20.4
Horni Be¢va 1962-2000 39 113 2.9 1 12 26224 67.2 23.2
Hradec Kralové 1961-1994 33 72 2.2 0 7 1940.8 58.8 27.0
Cheb 19602000 41 69 1.7 0 6 1239.9 30.2 18.0
Churanov 1955-2000 46 108 2.3 0 6 2376.7 51.7 22.0
Kostelni, Myslova 1961-2000 40 87 2.2 0 7 1919.7 48.0 22.1
Liberec 1961-87, 1991-2000 36 67 1.9 0 4 1633.6 454 24.4
Neumétely 1981-2000 20 39 2.0 0 5 505.0 253 12.9
Pohotelice 1963-2000 37 81 2.2 0 5 1509.0 40.8 18.6
Praha-Libus 1972-2000 29 69 2.4 0 6 1228.4 42.4 17.8
Piibyslav 1965-2000 36 89 2.5 0 7 1723.9 479 19.4
Piimda 1957-2000 43 71 1.7 0 5 1091.9 25.4 15.4
Raskovice 1962-68, 70-85, 97-2000 27 99 3.7 1 9 1855.7 68.7 18.7
Rymaiov 1963’2032&]]6 failure 28 79 2.8 0 5 155901 55.7 19.7
Svratouch 1956-2000 44 103 2.3 0 9 2184.1 49.6 21.2
Tabor 1961-1996 36 80 2.2 1 5 1450.7 40.3 18.1
Tiebon 1923-41, 44-80, 82-2000 74 195 2.6 0 6 4200.5 56.8 21.5
Usti n.Orlici 1981-2000 20 48 2.4 0 6 1006.4 50.3 21,0
Varnsdorf 1963-2000 37 75 2.0 0 6 1221.5 33.0 16.3
Velké Mezitici 1961-1999 39 79 2.0 0 6 1888.6 48.4 23.9
Vir 1961-2000 40 99 2.5 1 9 2049.0 51.2 20.7
Vizovice 1962-1998 37 113 3.1 0 8 2186.4 59.1 19.3
Vranov 1962-2000 39 90 2.3 0 5 1754.4 45.0 19.5
Zbiroh 1963-2000 36 76 2.1 0 6 1682.3 46.7 22.1
Zidlochovice 1962-2000 38 76 2.0 0 5 1552.9 40.9 20.4
Average 36.7 86.0 2.4 1734.0 47.7 20.0
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Fig. 1. Locations of CHMI ombrographic survey stations used for
calculation of R-Factors.

Data records have been fed into a text editor in digital form
with a time interval of 1 minute. Prior to this, the calculated
data was screened to remove precipitations which did not com-
ply with the above mentioned criteria.

Through systematic assessment of precipitation data collect-
ed from 31 CHMI ombrographic stations in the Czech Repub-
lic, the R-Factor values are determined, as shown in Table 1.

In Table 1, R-Factor values are listed where assessed pre-
cipitations fulfilled the aggregate criterion of higher than 12.5
mm with intensity > 6.25 in a period of 15 min (erosive rains).
R-Factor values are indicated as the sum for the entire observed
period (Col. 8), average annual sum (Col. 9). The average an-
nual sum of R-Factor for the Czech Republic was set at R = 48
MJ ha' em h™' which is the average value for one rain (data
from 31 ombrographic stations in the Czech Republic). Howev-
er, used stations are not spatially distributed equally in the
Czech Republic and the number of observed years at each of
the stations is not the same (Pavelkova et al., 2012). Therefore,
the regionalisation of the R-Factor values for the entire area of
the Czech Republic was not conclusive. For this reason, the
authors have decided to use R-Factor estimations based on full
time series of daily precipitation totals of 257 of the rain gauge
stations of the CHMI from the observation period 1971-2000,
i.e. 30 years.

A number of regression analyses were performed to find the
best estimation of the annual sum of R-Factor using daily pre-
cipitation totals. Analyses were based on a comparison between
ombrographic data (Table 1 except stations Cervena and Chu-
raiov which were not usable in time of analyses) and coinci-
dent daily rain gauge data. The “Training set” comprised 2441
days with an occurrence of erosive rains according to the om-
brograph. The best estimation of the annual sum of R-Factor
was counted as follows:

Ester 11 = Ester * Ratio, (5)

where value “Ester” is yearly sum of R-Factors calculated ac-
cording to Eq. (1) assuming even spreading during a day for
days with daily precipitation totals > 12.5 mm. The regression
dependence of “Ratio” is “Annual count of days with erosive
rains (see col. (5) Table 1)/(annual number of days in which
Ester > 0)“. The regression equation

Ratio = (0.36577 — 0.00020 * altitude (m a.s.l.)) (6)

was used (R-square = 0.031, sign. 0.000).

Table 2. Distribution of the R-Factor values (MJ ha' ¢cm h™)
according to altitudes in the region of Idaho (USA).

R-Factor value

é:]t‘;‘ls‘ile) Wischmeier (1973) Renard et al.(1997)

vegetative  year  vegetative  year
1184 2145 2434 2655 2893
1649 2434 3013 2893  34.04
1454 2723 3693 3149  39.49
1649 3013 5259 3404 51.23
2073 3013 7114 3404 64.17
2164 3693 9293 3949  77.95

Quality of estimation was verified by a paired #-test of annu-
al R-Factor totals computed on the one hand from minute om-
brographic data by Eq. (1) and on the other hand from daily
rain gauge data by Eq. (2) (1064 pairs of annual values). It was
performed with the following results: average difference 0.19
MJ ha” cm h™', std. dev. 48.73, std. error 1.49, T-value 0.12,
signif. 0.901 (i.e. no significant difference). Afterwards, estima-
tion of Ester 11 was computed for each from the above men-
tioned 257 time series. Finally, spatial analysis in GIS envi-
ronment was performed (taking into account linear altitude
dependence of Ester 11) using digital geography of the Czech
Republic (resolution 1 km).

To justify this step, the authors refer to Wischmeier and
Smith (1978) and Renard (1997), who have indicated the fol-
lowing distribution of the R-Factor values at various altitudes in
the region of Idaho (USA) — see Table 2.

RESULTS AND DISCUSSION

The station’s yearly sum of R-Factor calculated from om-
brographic data oscillated between 0 and 415, with an average
for the analysed years of 47.7 MJ ha' ¢m h™' and standard
deviation 48.8 MJ ha' cm h™'. The variability between the
stations was quite strong, the station’s averages of yearly R-
Factors sums during the period of observation of each station
lied between 25.3 and 74.9 MJ ha' ¢cm h™', depending on the
observed year and the station (Table 1, Col. 9).

The spatial average R-Factor over the Czech Republic was
calculated from 257 stations based on index Ester 11 for each
year of the period 1971-2000. This is depicted on Fig. 2. Only
days with liquid precipitations was applied. Extreme values of
R-Factor occurred sporadically.

Yearly sum of R-factor (MJ-ha"'-cm-h")

Fig. 2. The progression of yearly sum of R-factor (MJ ha™' ¢cm h™")
during the period 1971-2000.
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Results of spatial analysis in GIS environment of the arith-
metic average of the annual sums of R-Factors for the period
1971 — 2000 (Fig. 3) and a map of the trimmed arithmetic aver-
age of the R-Factors (average for 26 years, without two smallest
and two largest annual value on each station) (Fig. 4) were
charted. (Note, the maps are based on the yearly sum of R-
Factor estimated by index Ester 11, which was calculated from
257 full time series of precipitation data (i.e. without gaps).
There are two reasons for using the trimmed average. First, the
average spatial distribution of the yearly sum of R-Factor is
substantially affected by rare local extreme rains. Secondly, the
potential influence of estimation excess is suppressed. A com-
parison of various methods for calculating the mean value is
shown in Table 3.

Table 3. Comparison of various methods for calculating the mean
value of station estimates of the R-Factor for the period 1971-2000
(MJ ha™' cm h™") for 257 stations (30 years = all years, 26 years =
minus the lowest and the highest values, 24 years = minus three
lowest and three highest values; median = average 15 and 16 val-
ues of each station when sorted according to size.

Arithmetic average

Statistics 30 years 26 years 24 years Median
Average 47.8 43.7 429 40.0
Standard deviation 21.9 18.0 17.5 15.9
Minimum 18.4 17.7 17.6 15.3
Maximum 145.0 116.0 112.1 100.7
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Fig. 3. Area distribution of the average yearly sum of R-Factors the
in Czech Republic 1971-2001.

The applied R-Factor calculation for the Czech Republic is
very sophisticated when we have minute dates. Currently, this
calculation is based on the processing of minute ombrograph
values, which have been measured and digitalized by the
CHMI. We particularly focused on analysis and estimation of
the R-Factor year aggregate. In the given case it is possible to
consider the R-Factor as an analogy of the cumulated tempera-
tures above a designated limit.

While searching for the area spatial distribution of the R-
Factor, we encountered many problems related to the insuffi-
ciently dense network of the assessed R-Factors from minute
values and with an inconsistent observation period. In the set of
assessed R-Factors many questions remain. Besides the prob-
lem of unassessable ombrograph data, there is the problem of
categorisation; which rains should be included in the calcula-
tions of the R-Factors?

R__faktor
11530
[J30-45

[ 145-60

" le0-75
[ 75- 90

L I %0105

[ 105- 120
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Fig. 4. Area distribution of the truncated mean estimate (minus 2
smallest and 2 biggest yearly sums for each station) of R-Factors in
the Czech Republic 1971-2001.

It is not possible to set a consistent yearly interval proposed
for the measurement of the snow blanket, because this depends
on the geographic location of the station (in the conditions of
the Czech Republic, mainly on its altitude), and on the specific
weather in any given year.

During warm years this period will be longer, during cold
years shorter. At higher altitudes it will be shorter than at lower
altitudes. During the elaboration of the map, the assessed days
of a year were defined on the condition that they must be days
with rain, not with snow. At some stations, there are instru-
ments with a heated rain gauge. Such data, of course, do not
provide information on the type of precipitation. The influence
of the height of the snow blanket on the days included in the
calculation must also be considered. It may be assumed that in
the relation between liquid precipitation and the total mass of
the snow blanket, infiltration of rain water is allowed without
erosive impact. These must be evaluated separately within the
process of snow melting. As far as the extent of the work goes,
it was only possible to formulate a basic estimate of the extent
of possible impact. In the future, the problem of the time se-
quences of erosive rains must be addressed. Also, the problem
of the influence of soil saturation on the accuracy of the calcu-
lation methods of each R-Factor should be addressed.

While evaluating the mean erosion impact in each region of
the Czech Republic, it should be considered that the station
average in a given period may include exceptional rains, e.g.
Usti nad Orlici in 1988 and floods in Moravia in 1997, which
have a very small periodicity of occurrence. This problem has
been solved within the framework of the project by means of a
truncated mean which omits the two smallest and two greatest
yearly values at each station. The area truncated mean of the
year by estimating the sum of the R-Factor in the Czech Repub-
lic in the period 19712000 amounts to 41.1 MJ ha” ¢cm h™,
with area variations from 17.8 to 112.7 MJ ha' cm h™".

The highest values were assessed in mountainous regions,
where the inclusion of rain precipitation in the high snow blan-
ket also plays a role. The aforementioned truncated mean is
approximately 4 MJ ha™' cm h™' lower for the given period than
the standard arithmetic mean for the period, whilst at least the
gross estimate of the total snow blanket leads in the average for
the Czech Republic to another diminution of approximately 1
MJ ha” cm h™'. In the future it could be useful to consider the
norm of erosive risk based on values of equal periodicity (e.g.
50 years), and not for the same period. The indicated R-Factor
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Table 4. Comparative values of R-Factor division for the Czech Republic, the USA and Bavaria.

Factor values

Division in given months

I\ \ VI VII VIII 1X X XI
R division for the Czech Republic — meeting 1 of 2 requirements  0.90 10.90 2230 2990 2580 830 1.70 0.20
R division for the Czech Republic — meeting both requirements 0.50 890 2280 33.50 2740 630 0.50 0.10
R division for Bavaria (18 omb. stations by Schwertmann, 1987) 3.00 10.30 28.00 20.90 20.60 9.80 3.20 1.60
R division for the USA 040 9.10 3320 2840 20.80 7.70 1.00 0.00

time distribution in the Czech Republic corresponds approxi-
mately to the distribution of the R-Factor on the isoerodent map
for the state of Montana (USA), from 35 to 61 MJ ha™ cm h™.
For this US state it was assessed (Kubatova et al., 2009) that the
distribution and occurrence of erosive rains is very similar to
the Czech Republic and in neighboring Bavaria — see Table 4.

On the basis of observed variations of erosion rainfall during
each month it was confirmed that their highest occurrence is
during the summer months (June—August).

CONCLUSION

From Fig. 4 we can conclude, provided that we do not assess
mountainous areas with R-Factors of 60 to 120 where agricul-
tural and, particularly, tilled land is very small and the influence
of the snow blanket is greater, that the R-Factor for the majority
of the land used for agricultural purposes in the Czech Repub-
lic, varies between 30 and 40, except in the area of rain shadow,
where R = 15 to 30 and low mountain areas with R-Factor 45 to
60. With reference to the above-mentioned problems impairing
the determination of the R-Factor, we may conclude that it does
not appear as useful to regionalize the R-Factor for the Czech
Republic (which, amongst others, corresponds to the exactness
of the identification of isoerodents for the USA) and it may be
better to accept — for the vast majority of the agricultural land in
the Czech Republic — with the mean value of the R-Factor = 40
MJ ha' cm h™'. When using this value it may be assumed that
in the area of the rain shadow, somewhat higher resultant val-
ues of soil loss due to erosion will be assessed, with lower
values in the low mountains.

If there is a need to determine soil risk and the implementa-
tion of soil protection in mountainous areas, usually forested or
with permanent grassland and thus protected from erosion, it is
possible to use higher values indicated on the map, considering
longer-lasting snow blankets.

The comparison of long term monthly occurrence of erosion
rainfall characterized by the divisions of R-Factor values for the
Czech Republic and Montana in the USA indicates the occur-
rence of erosion rainfall in our conditions at the end of spring
and start of summer (VII — VIII). Results indicated conformity
of their division in the Czech Republic and selected regions of
the USA. Therefore, it may be considered that the R-Factor
entering the USLE complies with conditions in the Czech Re-
public.

The available R-Factor set, calculated from ombrographic
data, is an original method for estimations of the yearly aggre-
gate of the R-Factor from daily precipitation data. The method
gives satisfying results compared with experimental data, al-
though it surely would have been good to expand the scope of
the set and solve open questions, as mentioned in the discus-
sion. From the indicated results it can be concluded that, for the
majority of the agricultural land in the Czech Republic, the
value of R-Factor = 40, double the of the value proposed thus
far, could be recommended. This decision will surely manifest
in higher demands for antierosion measures and will contribute

significantly to the reduction of land loss due to erosion in the
Czech Republic.
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