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Abstract: The aim of the study was to assess the applicability of asymptotic functions for determining the value of CN parameter as
a function of precipitation depth in mountain and upland catchments. The analyses were carried out in two catchments: the Rudawa,
left tributary of the Vistula, and the Kamienica, right tributary of the Dunajec. The input material included data on precipitation and
flows for a multi-year period 1980-2012, obtained from IMGW PIB in Warsaw. Two models were used to determine empirical val-
ues of CN,,s parameter as a function of precipitation depth: standard Hawkins model and 2-CN model allowing for a heterogeneous
nature of a catchment area.

The study analyses confirmed that asymptotic functions properly described P-CN, relationship for the entire range of precipi-
tation variability. In the case of high rainfalls, CN,,, remained above or below the commonly accepted average antecedent moisture
conditions AMCIIL. The study calculations indicated that the runoff amount calculated according to the original SCS-CN method
might be underestimated, and this could adversely affect the values of design flows required for the design of hydraulic engineering
projects. In catchments with heterogeneous land cover, the results of CN,,, were more accurate when 2-CN model was used instead
of the standard Hawkins model. 2-CN model is more precise in accounting for differences in runoff formation depending on reten-
tion capacity of the substrate. It was also demonstrated that the commonly accepted initial abstraction coefficient A = 0.20 yielded too
big initial loss of precipitation in the analyzed catchments and, therefore, the computed direct runoff was underestimated. The best

results were obtained for A = 0.05.
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1. INTRODUCTION

Proper estimation of direct runoff in an ungauged
catchment is crucial for design of flood protection
objects. It is usually based on rainfall-runoff models
that use the intensity of an effective rainfall as input
data. The Soil Conservation Service Curve Number
(SCS-CN) method [29], (now National Resources
Conservation Service NRCS) is one of the most popu-
lar methods for computing the surface runoff depth for
a given rainfall event from small catchments [17],
[30]. This method represents an event-based lumped
conceptual approach [33]. The SCS-CN is a very sim-
ple and easy to apply method developed for predicting
surface runoff from hortonian overland flow domi-
nated catchments. The primary reason for its wide

applicability and acceptability is the fact that it ac-
counts for major runoff generating catchment charac-
teristics, namely soil type, land use/treatment, surface
condition and antecedent moisture condition [1], [4],
[5], [10], [16], [19], [25]. The CN values can be ob-
tained from tables according to NEH4, however, CN
estimation based on real data from local or nearby
similar catchments is preferable [28].

Although several modifications to this method
have been suggested and reported in literature [6],
[14], [19], [31], further improvements are still needed.
The greatest limitations of the original NRCS CN
method are as follows. The three AMC levels used with
this method permit unreasonable sudden jumps in CN
and hence, corresponding sudden jumps in the com-
puted runoff are possible, there is a lack of clear guid-
ance on how to vary antecedent moisture conditions,
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and there is no explicit dependency between the initial
abstraction and the antecedent moisture [26]. As men-
tioned in numerous studies [3], [15], [25], CN, according
to SCS, is significantly different from the one calculated
empirically, based on the recorded rainfall-runoff events.
Hawkins [11] claimed that runoff values obtained
from the SCS-CN method were extremely sensitive to
changes in CN and it was difficult to accurately select
CN from available handbook tables. CN is estimated
most successfully for traditional agricultural catchments
while the assessments for semiarid rangelands and for
forest catchments are not as successful [31]. Secondary
systematic correlation usually emerged in the catchments
between the calculated CN and the rainfall depth. In
most catchments, the calculated CN approached a con-
stant value with increasing rainfall depth.

Many designers unknowingly use the original
method in their hydrological calculations, which may
result in a significant underestimation of the actual
flood parameters [14]. Therefore, it seems necessary
to verify the application of the SCS-CN approach in
local conditions to reduce the uncertainty of modeling
results and to promote more common use of this
method in practice.

The aim of the study was to assess the applicabil-
ity of asymptotic functions for determining the value
of CN parameter as a function of precipitation depth
in mountain and highland catchments. The study was
carried out for two catchments located in the south of
Poland: the Rudawa and the Kamienica. It was aimed
at verification of three following research hypotheses.
The first one was whether the use of asymptotic func-
tions enables to determine empirical values of CN
parameter that are much more accurate for the as-
sessment of surface runoff formation than CN values
yielded by the original method, the second was
whether CN parameter significant correlates with pre-
cipitation depth, and the last one was whether in the
catchments of diversified land use, empirical values of
CN parameter determined with 2-CN method provide
better results than CN defined as a weighted average
value for the entire catchment.
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2. MATERIALS AND METHODS

The study involved two catchments located in the
upper Vistula river basin: the Rudawa, left tributary of
the Vistula, and Kamienica, right tributary of the
Dunajec (Fig. 1). As far a high flows are concerned,
the hydrological regime of the investigated catch-
ments is free from anthropogenic pressure.

The Kamienica catchment is a mountain one. Its
area to Labowa gauging station is 64.878 km”. The
catchment is covered mainly by forests (ca. 76.4%),
predominantly coniferous ones. Arable lands take up
ca. 23.2%, and the rest (ca. 0.4%) is an anthropogenic
area. The upland catchment of the Rudawa has an area
of 282.664 km” to the Balice gauging station. Majority
of its area is covered by arable lands (ca. 65%). A large
part (ca. 26.6%) is covered by forests, dominated by
deciduous species. The rest (ca. 8.4%) is an anthropo-
genic area.

Basic catchment characteristics are presented in
Table 1.

The initial data on measured precipitation and storm
event runoff values for the analyzed catchments were
obtained from the Institute of Meteorology and Water
Management, National Research Institute in Warsaw,
Poland. Twenty-four-hour time step data were used for
both the precipitation and runoff recorded in the years
1980-2012. The runoff data were measured at the river
gauging stations located in the catchments, i.e., Labowa
for the Kamienica river and Balice for the Rudawa
river. Areal curve reduction method was used to assess
the average precipitation [33]. Before the actual analy-
sis, individual storm event hydrograph data were sepa-
rated into the base flow and direct runoff by drawing
a straight line on a hydrograph from the point where the
flow starts to increase to the point on the descending
part where the direct runoff ends [21]. This procedure
allowed to determine the actual amount of the direct
runoff layer for individual episodes.

A general form of the SCS-CN model is expressed
by the following equations:

Table 1. Basic characteristics of the analyzed catchments

Characteristic Unit E;I:ﬁre;elrcl? cla?tlclﬁfr‘lzit
Area km” 64.878 282.664
Length of main river km 13.359 26.006
Length of river network km 42.149 137.157
Density of river network km km 2 0.650 0.485
Average altitude of catchment ma.s.l. 695 351
Average slope of catchment % 29.42 11.53
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Fig. 1. Location of the analyzed catchments

(P-1)* .
=——«_ if P>],, 1
© P-1+S5 ' M
0 =0 otherwise [, =AS, 2)

where: Q — direct runoff (mm), P — total precipita-
tion (mm), /, — initial abstraction (mm), S — potential
maximum retention (mm) and A — initial abstraction
coefficient (dimensionless).

The parameter S is expressed as:

§=2900 554, 3)
CN

where S is expressed in mm and CN is the curve num-
ber which depends on the soil type, land cover and
land use, hydrological conditions, and antecedent
moisture condition (AMC).

The measured P and Q values for each catchment
were sorted separately and realigned on a rank order
basis to form P-Q pairs of equal return period, fol-
lowing the frequency matching technique [11].

Observed values of curve number, CN,,s, were
determined based on the P-Q pairs. The following
equation was used to calculate the real value of po-
tential maximum retention Sy [7]:

_P. (1= )0 —/(1- 1)’ Q* +44PQ

S
obs ) 7 lz

G

where: P — total precipitation amount causing flow
event [mm], Q — direct runoff [mm], 4 — initial ab-
straction coefficient (dimensionless). The observed
value of CN, CN,,s parameter was calculated accord-
ing to the formula [8]:

CN 25400

== 5
25448, (%)

However, even when the CN is determined from
measured P-Q data, the CN values calculated with Eq.
(5), in fact, vary significantly from storm to storm on
any catchment. For this reason, to estimate a single
CN value describing the catchment in terms of meas-
ured runoff data, two models based on asymptotic
functions were proposed: Hawkins model [11] and
2-CN model [27].

Standard asymptote model described by Hawkins
[11] is summarized by the following formula:

CN(P)l=CN, +(100—CN, )-expk-P), (6)

where:

CN,, — constant value approached as P — o,

k — fitting constant.

In most catchments, these calculated CNs ap-
proached a constant value with increasing rainfall
depth that was assumed to characterize the catchment
[11], [27]. The three different patterns of CN-P rela-
tionship can be described as follows: “standard be-
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havior” when small rainfall depths correspond to
greater values of calculated CNs which decline pro-
gressively along with increasing storm size, ap-
proaching a stable, nearly constant asymptotic CN
along with increasingly larger storms; “complacent
behavior” when the observed CN declines steadily
within increasing rainfall, with no appreciable ten-
dency to approach a constant value; and “violent be-
havior” when the calculated CN has an apparent con-
stant value for all rainfall depths, except for very low
rainfall depths, where CN suddenly increases.

In the next paragraph the CN concept [27] was de-
scribed.

The idea of dividing the catchment into two ho-
mogeneous sub-areas originated from the following
research hypothesis that during a rainfall event the
surface runoff is first formed in the areas character-
ized by lower permeability, i.e., smaller storage ca-
pacity. Then, when the rainfall event continues, the
runoff is also formed in the permeable areas. The
maximum runoff is observed when the flow occurs
throughout the catchment area. Considering the above,
the amount of runoff from two homogeneous areas
can be calculated based on the following relation-
ships:

0=0, if 1S,<P<iS, (7
0=0.,+Qy if P>1S, (®)
0 =0 otherwise, 9)
_(P-1S,)
C= i i=a)-s,” (10
o (P=25,)’
O, =(1-a) Prd-7)-5," (11)

The empirical P-CN,, relationship was approxi-
mated with the modified SCS-CN method (model 1),
using the following equation [27]:

CN(m2) =
25400
5-[P+2-(Q, +0,)
—4(Q, +0,) +5-P-(Q, +0,0] + 254

» (12)

where S, and S, are the potential maximum reten-
tion values corresponding to the two homogeneous
sub-areas characterized by CN, and CN, values
respectively, a is an area fraction of the catchment
with CN = CN,, then (1 — a) is the area fraction of the
catchment with CN = CN,, O, and Q, were deter-
mined based on equations (10) and (11). The parame-

ters subjected to optimization in this model were CN,
and CN,,. Parameter a was identified by an analysis of
main land cover using GIS.

To investigate the consequences of spatial vari-
ability on the CN vs. P relationship in the catchment,
a simplified approach was adopted. First, the catch-
ment was divided into two areas characterized by
relatively similar land use. Then, two CN values CN,
and CN,, with CN, > CN,, were determined for these
areas. If a denotes the area fraction of the catchment
with CN = CN,, then (1 — a) is the area fraction of the
catchment with CN = CN,,. It seems obvious that CN
must be treated as constant for a relatively homogene-
ous soil-cover complex [31].

To determine the amount of initial abstraction, all
calculations were performed for various values of 4.
In the present study, the model performance was
assessed with root mean square error (RMSE),
Nash—Sutcliffe model efficiency (EF) [20]. RMSE and
EF were expressed as below:

1 N
RMSE :\/F'Z(Qobs,i _Qcalc,i)2 ’ (13)
i=1

N _ 2
EF=1- 217\} (Qobs,i %1)2
ziZl (Qobs,i - Qobs)

, (14)

where RMSE is expressed in mm, EF is dimension-
less. QOops is the observed storm runoff [mm], Q... is

the calculated runoff [mm], % is a mean of the

observed runoff values in the catchment, /V is the total
number of rainfall-runoff events, and 7 is an integer
varying from 1 to N.

3. RESULTS AND DISCUSSION

Tables 2—4 show basic characteristics of rainfall-
runoff events in the analyzed catchments. The calcu-
lations of CN parameter allowed for two coefficients
of initial abstraction, 2 = 0.05 and 0.20. In the catch-
ment of the mountain river Kamienica, a clearly
asymmetric (right-hand skewed) and leptokurtic dis-
tribution of precipitation and direct runoff was observed.
As far as flows were concerned, this was a typical
pattern for mountain catchments. The Kamienica
catchment featured the greatest differences between
the mean and the median, especially in the case of
rainfall. In the upland catchment of the Rudawa,
similar patterns were observed for rainfall and run-
off, but with much smaller runoff asymmetry. It can,
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Table 2. Characteristics of rainfall-runoff events in the Kamienica catchment

Sobs according | CN,yps according |Sops according to| CNgy,s according
Statistics P Oobs to Eq. (4) to Eq. (5) Eq. (4) to Eq. (5)
for A=0.20 for A=0.20 for A= 0.05 for 2=0.05
Number of events 27
Mean [mm] 30.7 56.9 32.7 88.6 43.6 85.4
Min [mm] 12.7 28.6 20.4 85.0 27.9 81.8
Max [mm] 81.1 122.3 45.0 92.6 56.5 90.1
Median [mm] 28.3 56.2 349 87.9 46.5 84.5
Standard deviation [mm)] 16.057 | 22.666 7.161 2.233 8.746 2.549
Coeffic. of variability 0.523 0.399 0.219 0.025 0.201 0.030
Skewness 1.735 1.252 -0.326 0.389 -1.101 -1.062
Kurtosis 3.462 1.944 -1.036 —-1.037 -0.525 0.582
25th percentile [mm] 18.600 | 39.700 26.738 86.880 36.137 83.386
75th percentile [mm] 37.900 | 69.200 38.359 90.476 50.608 87.545
Table 3. Characteristics of rainfall-runoff events in the Rudawa catchment
Sobs according | CNps according |S,ps according to | CN,y,s according
Statistics P Oobs to Eq. (4) to Eq. (5) Eq. (4) to Eq. (5)
for A=0.20 for A=0.20 for A= 0.05 for 1=0.05
Number of events 14
Mean [mm] 9.0 38.6 56.5 82.3 95.5 73.6
Min [mm] 34 11.6 14.0 72.8 21.9 63.0
Max [mm] 22.4 77.6 94.8 94.8 149.4 92.0
Median [mm] 7.8 38.4 61.2 80.6 103.9 71.0
Standard deviation [mm] 5.001 17.515 23.372 6.470 38.943 9.010
Coeffic. of variability 0.557 0.454 0414 0.079 0.408 0.122
Skewness 3.144 0.652 —-0.209 0.009 -0.172 0.396
Kurtosis 1.549 0.413 -0.517 0.809 —0.755 1.117
25th percentile [mm] 5.350 23.800 36.960 78.423 64.178 67.923
75th percentile [mm] 10.925 | 51.450 69.924 87.299 120.015 79.839

115

therefore, be assumed that the hydrological regime of
the Rudawa is much more stable and predictable than
that of the Kamienica. Lower variability of the Ru-
dawa catchment, particularly with reference to direct
runoff, was also confirmed by lower values of kurtosis
and coefficient of variation. CN values for both 1
thresholds were higher in the Kamienica catchment,
which indicated a greater potential for the formation
of surface runoff in the mountain than in the upland
catchment. Karst substrate present in the Rudawa
catchment further improved its retention capacity and,
therefore, lower CN values might be obtained. In gen-
eral, variation in CN values was very low in both
catchments but it was slightly greater in the Rudawa
catchment. In the catchment of the Rudawa, runoff
formation depended mainly on the substrate moisture
conditions prior to a runoff event. In the catchment of

the Kamienica, where the flysch substrate was poorly
permeable, the antecedent moisture content was of
smaller importance. Therefore, it can be concluded
that a mountain catchment is always conducive to
runoff formation, whereas in an upland catchment the
role of antecedent moisture conditions (AMC) is more
important due to greater substrate permeability. This
was confirmed by differences between the values of
CN parameter depending on A. Higher values of this
parameter indicated greater initial abstraction due to
infiltration, evapotranspiration, interception or surface
retention. In the mountain catchment, mean difference
in CN parameter for different 1 was 3.6% and in the
catchment of the Rudawa it was 10.5%.

According to the assumptions outlined in Materi-
als and Methods chapter, two models were used to
describe empirical variability of CN, as a function of
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rainfall depth causing direct runoff. First, rainfall-
runoff episodes were selected for each catchment and
then Hawkins’s [11] assumptions were used to match
P-Q pairs and calculate empirical values of CNyps.
A total of 27 rainfall-runoff episodes were selected for
the Kamienica catchment and 14 for the Rudawa. The
analyses were performed for two initial abstraction
coefficients 4 = 0.05 and 0.20. Figure 2 presents the
relationship between CN,ps and P for two values of 4
and approximation of variables with standard Haw-
kins model (model 1) in the Kamienica catchment.
The figure indicates that model 1 correctly approxi-
mated the empirical data for both values of 1. A rela-
tionship between rainfall depth and CN,,s was ob-
served, wherein increasing P was accompanied by
a reduction in CN,s However, clear stabilization
of CN for high rainfall described by other authors [3],
[5], [13] was not observed. Therefore, it seems to be
rather the type of relationship Hawkins [11] described
as “complacent” behavior. Similar relationships were
found in microcatchments of southern Poland [14]. It
was suggested that the P-CN,s relationship might be
a result of different runoff triggering processes, such
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Fig. 2. CN-P relationship for various values
of the initial abstraction coefficient yielded by model 1
in the Kamienica catchment
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Fig. 3. CN-P relationship yielded by model 1
in the Rudawa catchment for various values
of the initial abstraction coefficient

as overland flow and rapid subsurface flow or a small
rainfall that may cause a surface runoff when a catch-
ment is characterized by a high moisture level or poor
permeability. As a result, small precipitations are as-
sociated with high CN,s values. However, high values
of CNgys during small precipitation may also occur
when the rain reaches the soil covered with a non-
permeable layer formed due to long-lasting drought.
Similar relationships were observed for the catchment
of the Rudawa (Fig. 3).

The analyses were then used to develop detailed
P-CNy,s relationships as per the standard model that
looks as follows:

The Kamienica catchment:

CN(P)=83.4+(100—83.4) exp(;TPlj

for 1=0.20, (15)
-P
CN(P) =82.0+(100—82.0) exp(mj
for 4 =0.05. (16)
The Rudawa catchment:
CN(P)=62.7+(100—62.7) exp(i
55.3
for 1=0.20, (17)
CN(P)=65.0+(100—65.0)ex i
' WP 240
for 1 =0.05. (18)

The quality of description of P-CN, relationship
with model 1 is presented in Table 5. The analyses
revealed slightly better model accuracy for 4 = 0.20.
Ritter and Mufioz-Carpena [24] established a hydrologi-
cal model performance rating criteria where EF < 0.5
was deemed a lower threshold for unsatisfactory. Other
model performance ratings were as follows: accept-
able (0.65 < EF < 0.80), good (0.80 < EF < 0.90),
and very good (EF > 0.90). Based on these criteria,
model 1 for the catchments of the Kamienica and the
Rudawa was very good. Only for 4 = 0.05 in the
catchment of the Rudawa the model was good.
Figures 2 and 3 show a theoretical value of the CN
according to the tables of the original SCS-CN method
[29]. For design purposes, the reliable value of CNyps
should be the one for the highest precipitation. In the
model 1, it i1s CN,. In the Kamienica catchment, the
values of CN,, were higher than CNy,., determined for
AMCII, and in the Rudawa catchment they were be-
tween AMCI and II. These results indicated that
measures should be taken to accurately determine
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Table 4. 2-CN model parameters in the analyzed catchments

Coefficient The Kamienica catchment The Rudawa catchment
of initial

abstraction a CN, CN, CN,, a CN, CN, CN,,
A=0.20 0.483 85.1 62.7 73.5 0.320 83.0 46.0 57.8
A=0.05 0.316 97.0 65.9 75.7 0.21 94.0 43.0 53.7

actual soil moisture when using the original SCS-CN
method, as this parameter is crucial for calculating the
amount of the direct runoff. In practice, soil moisture
for normal conditions AMCII is commonly assumed,
which often leads to underestimation of the catchment
runoff. For example, De Paola et al. [9] suggested
using AMCIII class for flow predictions when de-
signing “sensible” structural hydraulic measures (such
as detention reservoirs or floodplain storage), while
for non-structural measures (such as delineation of
hazard maps) this assumption may be too severe and,
therefore, may require a precise evaluation of its oc-
currence frequency.

Figures 4 and 5 present approximation results for
P-CNys pairs for the second model 2-CN, and Table 5
shows the measures of its quality of fit. Similarly as
in model 1, a decrease in CN,,s was observed with
increasing precipitation, and no visible stabilization
of CN,, was noticed in either catchment. Table 4
shows the values of model 2 parameters determined
during calibration. The assumed objective function
was efficiency ratio EF (Eq. (14)). In this model, the
areas with greatest probability of runoff formation
(with low retention capacity) are described by pa-
rameter CN,, and those with high retention capacity
are described by CN, parameter. In both catchments,
CN parameters were higher for A = 0.20. Based on the
values of CN,, CN, and a, CN,, was calculated using
the following formula:

CN,=a-CN,+(1-a)-CN, (19)
According to Ritter and Mufioz-Carpena criteria, the
model was assessed as very good in the Kamienica
catchment and for the Rudawa catchment it was ac-
ceptable for 4 = 0.20 and good for 4 = 0.05. A com-
parison of these two models demonstrated superiority
of 2-CN model over model 1, as indicated by slightly
higher values of EF and lower RMSE for 2-CN model.
This suggests that more detailed description of the
catchment regarding the runoff formation, based on
dividing the catchment into two zones homogeneous
in terms of land cover, provides better results as far as
the adoption of a single CN weighted average in the
catchment is concerned. In model 2, the values of CN,,
in the Kamienica catchment were lower than CNyeor

for AMCII for both A values, and in the Rudawa
catchment they were similar to AMCI.
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Fig. 4. CN-P relationship for various values
of the initial abstraction coefficient yielded with the use of model 2
in the Kamienica catchment
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Fig. 5. CN-P relationship yielded with the use of model
2 in the Rudawa catchment for various values
of the initial abstraction coefficient

Direct runoff as a function of precipitation depth
was calculated for both models and the outcomes are
presented in Figures 6 and 7. Table 6 presents quality
measures of the model with reference to P-Q relation-
ship. It is worth noting that model 2 provided more
accurate outcomes of the direct runoff than the stan-
dard Hawkins model (model 1). The use of model 1
resulted in significant underestimation of the runoff,
particularly for smaller precipitation. Direct runoff
calculated from model 2 was very similar to that ob-
served for the entire range of precipitation variation.
This was caused by the fact that model 2 incorporated
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heterogeneous nature of the catchment in terms of land
cover, and hence, permeability of the substrate. For
relatively small precipitation, when the initial abstrac-
tion 1s exceeded, the runoff is first formed within less
permeable areas. When the precipitation continues
and all forms of retention are filled up, the runoff
starts to form also from more permeable areas.

90
[ [ [

4 P-Qobs

2-CN model_lamb=0,2

CN_Hawkins_lamb=0,2
====2-CN model_lamb=0,05

60— CN-Hawkins_lamb=0,05 72
5 /
E
o

Wi

The results presented in this study corroborated this
claim.

Table 5. Quality measures of the models approximating
P-CN,, relationship in the investigated catchments

The Kamienica The Rudawa
catchment catchment
Model

RMSE | EF | RMSE EF

[mm] | [-] | [mm] (-]
Equation 6 for 1 =0.20 0.426 [0.962| 1.175 0.964
Equation 6 for 4 =0.05 0.761 |0.907 | 3.091 0.873
Equation 12 for A.=0.20 | 0.364 [0.972| 3.404 | 0.702
Equation 12 for A =0.05 | 0.648 |0.933| 3.087 | 0.874

Table 6. Quality measures of the models approximating
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Fig. 7. Relationship between precipitation and direct runoff
for various values of the initial abstraction coefficient
yielded by the use of models 1 and 2 in the Rudawa catchment

In addition, considerable influence of initial soil
moisture content expressed by 4 on the runoff values
was observed. In both catchments and both models,
much smaller runoff calculation errors, and, therefore,
better model quality, was obtained for smaller initial
abstraction amounting to 4 = 0.05. It was particularly
visible in the upland catchment of the Rudawa,
which further confirmed the need to verify the initial
abstraction coefficient in the catchments when cal-
culating the direct runoff according to SCS-CN
method. Assumptions of the SCS-CN method [22],
[23], [29], the initial abstraction coefficient of A =0.20
is commonly used. However, many authors [2],
[12], [19], [28], [32] claimed that the values of this
parameter were much lower, typically reaching 0.05.

in mountain and upland catchments. To achieve this
objective, three research hypotheses were put forward:
1) the use of asymptotic functions enables to determine
empirical values of CN parameter that are much more
accurate in the assessment of surface runoff formation
than CN values yielded by the original method, ii) CN
parameter significantly correlates with precipitation
depth, iii) in the catchments of diversified land use,
empirical values of CN parameter determined with the
use of 2-CN method provide better results than CN
defined as a weighted average value for the entire
catchment.

The study analyses confirmed that asymptotic
functions properly described P-CN, relationship for the
entire range of precipitation variability. Even though no
clear stability of CN parameter was observed for high
precipitation, its values for small precipitation were
markedly higher than those provided in USDA tables.
In the case of high precipitation, CNy,s remained
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above or below the commonly accepted average ante-
cedent moisture conditions AMCII. The study calcu-
lations indicated that the runoff amount calculated
according to the original SCS-CN method might be
underestimated, which could adversely affect the val-
ues of design flows required for the design of hydrau-
lic engineering projects. Therefore, appropriate meas-
ures are required in order to develop clear guidelines
for the adoption of catchment moisture level when
calculating the runoff using SCS-CN method. A strong
correlation was found between the precipitation depth
and empirical values of CNys. Increased precipitation
was followed by a reduction in CN,,. In catchments
with heterogeneous land cover and variable substrate
permeability, the results of CN,,s were more accurate
when 2-CN model was used instead of the standard
Hawkins model. 2-CN model was more precise in ac-
counting for differences in runoff formation depending
on retention capacity of the substrate. This was par-
ticularly visible in the relatively flat catchment of con-
siderable retention capacity. It was also demonstrated
that the commonly accepted initial abstraction coeffi-
cient 4 = 0.20 yielded too big initial loss of precipita-
tion for infiltration, evapotranspiration, interception or
surface retention in the analyzed catchments and, there-
fore, the computed direct runoff was underestimated.
The best results were obtained for A = 0.05.
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