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Abstract: The ombrographic data have been selected from 24 meteorological stations of the Czech Hydro Meteoro-

logical Institute (CHMI), according to the terms of the Universal Soil Loss Equation for calculating the long term loss

of soil through water erosion, erosion hazard rains and their occurrence, with their relative amounts and erosiveness,

R-factors determined for each month. By comparing the value of the time division of the R-factor in the area of the

Czech Republic and in the selected areas of the USA, it has been demonstrated that this division may be applied in

the conditions of the Czech Republic.
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In the first half of the 20" century in the USA,
aneed emerged for the calculation of the soil loss
caused by water erosion. For this purpose Cook
(1936) identified 3 main factors determining the
processes of water erosion: susceptibility (soil
erodibility), the potential erosivity of rainfall and
runoff, and the soil protection afforded by plant
cover. ZINGG (1940) published the first empirical
model of the erosion process for evaluating average
annual losses of soil due to water erosion which he
derived from the results of an extensive research
into the influence of the steepness and length of
a slope on this process. The initial research into
the forecasting methods for calculating soil loss
due to erosion has been carried out in USA by
the following authors: SMiTH (1941), MUSGRAVE
(1947), BROWNING et al. (1948), SMITH and WHITT
(1948), and others.

Until today, the best description of the quantita-
tive influence of the main factors of water erosion
caused by storm rainfall (USLE) was given by WiscH-
MEIER (1959). The Universal Soil Loss Equation

(USLE) describes the soil loss caused by water (G)
as a product of six factors: rainfall-runoff erosiv-
ity (R), soil erodibility (K), slope length (L), slope
steepness (S), cover and management practices (C),
and supporting conservation practices (P).

G=RxKxLxSxCxP

This relatively simple method enables the cal-
culation of the hypothetical long term average
annual soil loss caused by water erosion in any
given area. It has the advantage of being easily
available and simple in the access.

Since its publication in the Agriculture Hand-
book No. 282 (WICHMEIER & SMITH 1965) and
its revised version published in the Agriculture
Handbook No. 537 (WiCHMEIER & SMITH 1978)
USLE has become the main planning instrument
for the soil protection in the USA and around
the world.

By integrating new findings, experiences and a
large amount of digitally processed data acquired
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since 1978, which manifested itself also by changes in
the calculations of each factor, the so called RUSLE
“Revised Universal Soil Loss Equation® was created
by RENARD et al. (1997) and Toy et al. (1999), and
which uses the same algorithm as USLE.

Aims

The purpose of this study is to compare the
occurrence of erosion rainfall, characterised by
the R-factor values of each month in the Czech
Republic, with the data acquired from the selected
meteorological stations in the USA, and to dem-
onstrate the validity of the calculation procedure

of the R-factor according to USLE also in our
country. The issue has also been dealt with in
other European countries, i.e. by SCHWERTMANN
et al. (1987), BoARDMAN and POESEN (2006), in
Bavaria, Austria and Belgium.

The rainfall factor — R, i.e. its erosivity, was
formulated in the USA (WISCHMEIER & SMITH
1965). The aforementioned had the largest amount
of the necessary data accessible at that time, ac-
quired from a network of meteorological survey
stations situated throughout the USA. The rainfall
factor used for determining the average annual
loss of soil includes the influence of exceptional
precipitation events (intensive rainfall) as well as
average intensive rains.

Table 1. List of CHMI ombrographic survey stations used in the calculation of the R-factors

CHMI Survey station Observation period Comments No. of years
1. Brumov Bylnice 1961-1990 1963 — not measured 29
2. Desnd 1961-2000 1972, 1974 — not measured 38
3. Destné 1981-2000 1987 — not measured 19
4. Doksy 1962-2000 39
5. Hejnice 1970-2000 31
6. Horni Becva 1962-2000 39
7. Hradec Kralové 1961-1994 1987, 1995-1999 — not measured 33
8. Cheb 1961-2000 40
9. Liberec 1961-1987, 1991-2000 36
10. Neumétely 1981-2000 20
11. Praha-Libus$ 1972-2000 29
12. Pribyslav 1965-2000 36
13. Prfimda 1961-2000 1991 — not measured 39
14. Raskovice 1962-1985, 1997-2000 1986-1992 — not digitalised 27
15. Svratouch 1961-2000 1960 — not measured 40
16. Téabor 1961-1996 1997-2000 — not measured 36
17. Trebon 1961-2000 1981, 1997 — unusable 39
18.  Usti n.Orlicf 1981-2000 20
19. Varnsdorf 1963-2000 37
20. Vir 1961-2000 40
21. Vizovice 1963-1998 further not measured 36
22. Vranov 1962-2000 39
23. Zbiroh 1963-2000 1965, 1977 — not measured 36
24. Zidlochovice 1962-1990 1970 — unusable 38
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The data indicate that, when the factors other
then rainfall are held constant, the soil losses in
an area are directly proportional to the rainstorm
parameter: total storm energy (E) times the maxi-
mum 30-min intensity (i,):

R = E x i,,/100

where:
R
E
i

— rainfall erosivity factor (MJ/ha x cm/h)
— total storm energy (cm/h)

30 — maximum 30-min intensity (cm/h)

The total storm energy is:

where:

E, —Kkinetic energy of rain in the i-section (# — number

of rain sections):
E, =(206 +87logi ) x H

where:
i.
St

H

si

— intensity of rain in the i-section (cm/h)
— rain fall in the i-section (cm)

The annual value of the R-factor is determined
from long term data records of precipitations and
represents the aggregate of the erosion impact of
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each storm rainfall occurring in the given year. Rain
showers of less then 12.5 mm (0.5 inch) were omit-
ted from the erosion index, unless at least 6.25 mm
(0.25 inch) of rain fell in 15 min. The delay between
the rainfalls must be longer then 6 hours in order
to consider them as individual rainfalls.

Therefore, the rainfall erosivity factor R depends
on the frequency of occurrence, kinetic energy,
intensity and amount of rain which fell. In the
USA, the values of the R-factor were statistically
assessed and presented in the form of an isoero-
dent maps.

METHODOLOGY

During the calculation of the R-factor for the
region of the Czech Republic, the ombrographic
data were available, collected from 24 selected sur-
vey stations of the CHMI; the method of WiscH-
MEIER and SMITH (1978) was systematically im-
plemented. Preference was given to the survey
stations producing long term ombrographic ob-
servation data (Table 1 and Figure 1). The ob-
servations were carried out only in the growing
season, since most ombrographs are not equipped
with heating.
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Figure 1. Locations of CHMI ombrographic survey stations used for calculation of R-factors
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Table 2. Average number of erosion hazard precipitations in the given months

Allocation in given months

Relative number of erosion rainfall

IV \Y VI VII VIII IX X XI
Meeting 1 of 2 requirements 2.5 149 218 219 200 12.6 55 0.8
Aggregate expression of 1 of 2 requirements 2.5 174 392 611 81.1 95.8 992 100.0
Meeting both requirements 0.7 104 251 308 253 7.2 0.6 0.0
Aggregate expression of both requirements 0.7 111 362 670 922 994 100.0 100.0

—&— Relative number of ranifall for 1 of 2 requirements

—l— Relative number of rainfall for 1 of 2 requirements — mass curve

—&— Relative number of rainfall for both requirements

—l— Relative number of rainfall for both requirements — mass curve
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The data records were fed into a text editor in
the digital form at time intervals of 1 min, and
were adapted from the text document to the Excel
chart processor, where R-factor values were sub-
sequently calculated. Prior to that, the calculated
data were screened (screening out the precipita-
tion events which did not comply with the above
mentioned criteria) and adapted from the text to
the Excel chart processor, where R-factor values
were subsequently calculated.

RESULTS

Calculations of the R-factors were carried out
in 2 variants:

134
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Figure 2. Record of the average occur-
rence of erosion rainfall during the

year

V1. variant — comprised rains which met 1 of the 2
requirements, i.e. when the rainfall was more than
12.5 mm, or when 6 mm fell within a period of 15
min.

V2. variant — comprised rains meeting both require-
ments, i.e. the rainfall above 12.5 mm and with an
intensity above 6 mm in 15 min.

The following data were determined by the survey

stations, as indicated in Table 1 and Figure 1:

(a) — relative number of erosion rains which oc-
curred each month, including their aggregate
expression,

(b) — R-factors value expressed in the percentage of
occurrence in each month and on aggregate.

The number of occurrences of erosion rainfall
and their long term variations during the given
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Table 3. R-factor values in the given months

Division in given months

R-factor values

v A% VI vl vIl IX X XI
Meeting 1 out of 2 requirements 0.9 109 223 299 258 8.3 1.7 0.2
Aggregate expression meeting 1 out of 2 requirements 0.9 11.7 341 639 89.7 98.0 99.8 100.0
When meeting both requirements 0.5 89 228 335 274 63 0.5 0.1
Aggregate expression meeting both requirements 0.5 94 322 657 931 994 999 100.0

—&— Relative R for 1 of 2 requirements

—l—Relative R for 1 of 2 requirements— mass curve

—&— Relative R both requirements

R (%)
SN
<

—— Relative R both requirements— mass curve

VI VII

VIII

IX

Month

Figure 3. Evolution of R-factor average
divisions during one year

Table 4. Comparing the number of erosion rainfall with R-factor values

Division in given months

v \Y% VI Vil VIl  IX X XI
Number of rainfall for 1 out 2 requirements 25 149 218 219 200 126 55 0.8
Relative R for out of 2 requirements 0.7 104 251 308 253 72 06 0.0
Number of rainfall for both requirements 09 109 223 299 258 83 17 0.2
Relative R for both requirements 0.5 89 228 335 274 6.3 05 0.1

months were determined from the processed data
— see Table 2 and Figure 2.

On the basis of the observed variations in the ero-
sion rainfall during each month, it was confirmed
that their highest occurrence took place during
the summer months (June—August), see Tables 3,
4,5 and Figures 3, 4, 5. Significantly increased and
decreased numbers of erosion rainfalls occurred

during the indicated months in the form of rains
meeting both requirements. A similar change
was determined in the R-factor division while
the difference between both groups was not very
significant (up to 2%).

Comparing the respective values of the R-factor
division over a year in each month surveyed, as
recommended for the practical use in the regions
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—&— Number of rainfall for 1 out of 2 requirements Figure 4. Evolution of the number of

—l— Number of rainfall for both requirements erosion rainfall and R-factor values
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v v Vi Vi Vil X X X1 Figure 5. Total curves of number of

Month erosion rainfall with R-factor values

Table 5. Aggregate expression of the number of rainfall with R-factor values

Division in given months
v \Y VI VII  VIII IX X XI
Relative number of rainfall for 1 out of 2 requirements 2.5 174 39.2 61.1 81.1 958 992 100

Relative number of rainfall for both requirements 0.7 111 362 67.0 922 994 100.0 100
Relative R for 1 out of 2 requirements 09 11.7 341 639 89.7 98.0 99.8 100
Relative R for both requirements 0.5 94 322 657 931 994 999 100
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Table 6. Monthly division of the R-factors for 6 meteorological survey stations in the North West of the USA

Percentage division of the R-factor

Survey station
v \Y% VI VII VI IX X XI

N Montana 09 164 359 227 178 53 1.0 0
NE Montana 0.4 91 332 284 208 7.1 1.0 0
S Montana 26 17.0 293 246 16.0 88 1.7 0
SE Montana 1.6 154 355 231 156 75 1.2 0
NE Wyoming 25 150 286 266 201 56 1.6 0
N a S Dakota, Minnesota 2.0 80 250 270 27.0 8.0 2.0 0
Average 1.7 135 313 254 196 7.1 1.4 0

Table 7. Total curves of the R-factor division for 6 meteorological survey stations in the North West of the USA

Percentage division of the R-factor

Survey station
v \Y VI VII  VIII IX X XI

N Montana 09 173 532 759 937 99.0 100.0 100.0
NE Montana 0.4 9.5 427 711 919 99.0 100.0 100.0
S Montana 26 196 489 735 895 983 100.0 100.0
SE Montana 16 170 525 757 913 98.8 100.0 100.0
NE Wyoming 2.5 175 46.1 727 928 984 100.0 100.0
N a S Dakota, Minnesota 30 110 360 630 900 98.0 100.0 100.0
Average 1.8 153 466 72.0 915 98.6 100.0 100.0

=—&— Relative value of the R factor - mass curve

=@ Division of R faktor in the months of vegetation period
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the North and the North West of the
Month USA
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== Relativ value of the R faktor—mass curve Figure 9. Evolution of the R-factor di-

vision during the vegetation period
==& Division of R faktor in months of vegetation period months for the North East of Mon-
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Figure 10. Evolution of the average
v A% VI VII VIII IX X XI R-factor division during the given

Month months in Bavaria

Table 8. Average division of the R-factor in given months for the North and the North West of the USA, North East
part of Montana and Bavaria

Month v \% VI VII  VIII IX X XI
Percentage of R-factor for the North West USA 1.7 135 313 254 196 7.1 1.4 0
Percentage of R-factor for the North East Montana 0.4 91 332 284 208 71 1.0 0
Percentage of R-factor for Bavaria 3 10.3 28 209 206 938 3.2 1.6

Table 9. Comparative values of R-factor division for the Czech Republic, the USA and Bavaria

Division in given months

v \Y% VI VII  VIII IX X XI

Factor values

R division for the Czech Republic 09 109 223 299 258 83 1.7 0.2
R division for the USA 1.7 13.5 313 254 19.6 7.1 1.4 0.0
R division for Bavaria 3 103 28.0 209 206 9.8 3.2 1.6
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—l— Relative R-—mass curve (CZ)

—&— R divisions in vegetation months (CZ)

—l— Relative R-—mass curve (USA)

Figure 11. Long term evolution of
the average R-factor by months
in the Czech Republic, the USA,
and Bavaria
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—— Relative R—mass curve (Bavaria)
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of Bohemia and Moravia in previous publications
by JANECEK et al. (2005, 2007), no significant vari-
ation has been found.

DISCUSSION

For the purpose of comparing the results of the
average division of R-factors in the given months
in the Czech Republic, we used the mass curve
of average annual E, parameter values from 140
meteorological survey stations situated in the USA
(RENARD et al. 1997).

IX X XI

Out of these stations, 6 had been selected with
regard to climatic conditions similar to those in
the Czech Republic. These stations are situated in
the North and North West of the USA (Montana,
North and South Dakota, Wyoming and Minne-
sota). For these selected stations, the percentage
division of the R-factor in the given months is
shown in Table 6 and Figure 6, and the relative
R-factors expressed by mass curves are shown in
Table 7 and Figure 7. From the data supplied the
average percentage division of the R-factor in the
North and North West has been calculated — see
Table 8 and Figure 8.

Table 10. Comparing long term evolution of monthly values of R-factors in the Czech Republic, the USA and Ba-

varia

Division in given months

Factor values

v \Y VI VII  VIII IX X XI
R division for the Czech Republic 09 11.7 341 639 897 980 99.8 100.0
R division for the USA* 1.8 153 46.6 720 915 98.6 100.0 100.0
R division for Bavaria** 45 14.8 428 63.7 843 941 973 989

*Division of R-factor begins with third month; **division of R-factor covers whole year
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To specify further, the data from the survey
stations in the North East parts of Montana have
been processed showing the greatest similarities
with the R-factor values measured in the Czech
Republic — see Table 8 and Figure 9. Furthermore,
the data from18 meteorological survey stations
from neighbouring Bavaria were used for com-
parison (SCHWERTMANN et al. 1987) — see Table 8
and Figure 10. The overall comparison of these
values for Montana, Bavaria, and our country is
indicated in Tables 9 and 10, and in Figure 11.

CONCLUSION

The comparison of long term monthly occur-
rences of erosion rainfall characterised by the
divisions of R-factor values for the Czech Republic
and selected survey stations in the USA indicates
the occurrence of erosion rainfall in our conditions
at the end of spring and the beginning of sum-
mer (VII-VIII). The results indicated conformity
of their division in the Czech Republic and the
selected regions of the USA. Therefore, it may
be considered that the use of the R-factor in the
USLE complies with our conditions.
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