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Abstract

Runoff coefficient (C) values are tabulated and enshrined in hydrological engineering.
Its values are considered to be constant although it may not correspond to reality. In
the same catchment, they can vary according to the intensity, temporal and spatial
distribution of precipitation events, humidity conditions, soils and land uses. This
study had the objective of analyzing extreme events of precipitation and their
corresponding flows to obtain experimental runoff coefficients (C) and compare them
with the tabulated values. The study was conducted in five experimental catchments in
the state of Sdo Paulo, Brazil, with different land uses. The runoff coefficients (C)
were obtained from the analysis of hydrograms and using a digital filter, which
allowed the separation of the direct runoff, of the total flow. We observed a variation
of the flow coefficient values between catchments different from those obtained from
the tables. The runoff coefficients had a high correlation with land use. In the
catchments with original vegetation cover, such as cerrado and forest, it varied little
among the events analyzed, differently from the catchments where land use is
diversified, with predominantly agricultural and urban occupation.
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1. INTRODUCTION

The runoff coefficient (C) is defined as the ratio of the volume of water
superficially drained during a rainfall over the total volume of precipitated water
during a certain period (Bedient et al. 2013; Janior, 2015). An important tool in
hydrological studies of many engineering projects in urban and rural areas (Sen &
Altunkaynak, 2006), the runoff coefficient may indicate the amount of water flowing
from particular precipitation and may reflect the impact of natural geomorphological

elements on the flow. In addition, flow coefficients are useful for comparison with



other watersheds to understand how different landscapes transform precipitation into
rainfall events (Che et al., 2018; Blume et al. 2007).

One of the most important factors in the evaluation and determination of the
runoff coefficient is precipitation, which may refer to an isolated rainfall, or to a time
interval, in which several rains occurred (Junior, 2015; Campos & Machado, 2018).
When the precipitation increases, the initial losses and the infiltration capacity are met.
Thus, the runoff increases, resulting in a higher flow coefficient (Tucci, 2000a).

In addition to precipitation characteristics such as intensity, duration and
distribution, specific physical aspects of watersheds affect the occurrence and volume
of the runoff, such as soil type, vegetation, slope, contribution area and permeability.
Permeability of the watershed is related to its ability to absorb water, that is, the
greater the occurrence of permeable surfaces, the greater the chance of water
infiltrating and reducing the volume of rainfall drained superficially (Wang et al.,
2010; Park et al., 2014; Radecki-Pawlik et al., 2014). Soil moisture is also crucial for
the control of hydrological processes, especially in the generation of surface runoff. In
the early period of the rainy event, much of the precipitation infiltrates the soil, and in
the course of rain, the soil reaches its saturation point. After that, all surplus is
superficially drained, a volume that can be mathematically determined by the runoff
coefficient (Bagarello et al., 2018; Richardson & Amankwatia, 2018). Therefore, the
runoff coefficient may vary according to the characteristics of the terrain surface
cover, of the physical characteristics and antecedent moisture, and the different types
of soils found in a watershed (Nunes et al., 2011).

It can be estimated using tables in which the runoff coefficient is related to the
nature of the surface where it occurs. According to Lallam et al. (2018), the effective
study of the coefficient is a very complex operation, due to the high number of
variables that affect it. This means that the flow coefficients reported in the literature
generally transmit less information than necessary (Blume et al., 2007), and therefore
their values, when tabulated as if they were constant, may not correspond to reality.

There are still few studies on flow coefficient values obtained from rainfall and
flow data in catchment areas. Given this context, this study analyzed extreme events of
precipitation and the corresponding flows in catchments with different land uses and
soils to obtain values of experimental runoff coefficients and compare them with the
tabulated values. These events of precipitation are typical of tropical regions and occur

in the summer. It has great intensity and short duration that promotes the rapid



elevation of the stream level and causes the higher values of runoff coefficient. It has a
localized spatial extension and they're important for catchments (Campos & Machado,
2018). We separated the direct runoff from the base flow using digital filters. Thus, by
utilizing the relation between surface runoff volume and precipitated volume, we

determined the runoff coefficients for different rainfall-flow events.
2. MATERIAL AND METHODS
2.1 Areas of study

This study was developed with knowledge on rainfall and flow data. We
selected monitored catchments with different land uses located in Sado Paulo,
southwestern region of Brazil (Figure 1). General information such as topography
(elevation range), land use, soil and geomorphology of the catchments is shown in
items 2.2 to 2.5. Information about meteorological and flow measurement data is

presented in Table 1.

[Insert Figure 1]
[Insert Table 1]

2.1.1 Tinga catchment

Tinga catchment is located in the Experimental Station of the Department of
Forest Sciences of the "Luiz de Queiroz" School of Agriculture (ESALQ/USP) in the
city of Itatinga, S3o Paulo. Its area is 83.57 ha. The dominant relief in the area
(Pessotti, 1994) is smooth wavy, consisting of planed tops and slopes of rectilinear or
convex forms. To a lesser extent, there is a wavy relief with a slope between 10% and
15% and ramps of rectilinear shape marked by the absence of flat tops. The drainage
network is of low density, with rounded headwaters, from closed to open valleys, and
restricted alluvial plain.

According to the Koppen classification, the climate is Cfa, i.e. humid
mesothermal, with no defined dry season. The rainiest quarter corresponds to the
months from December to February and the driest period to May to August (Pessotti,
1994). The soil of Tinga catchment was classified as red latosol. The land cover of the
catchment is predominantly Eucalyptus saligna. Along the creek, there is a ciliary
forest totaling 7.6 ha. Table 2 shows the land use classes in the Tinga catchment.
Figure 2 shows spatial information of the relief, land use, soils and geomorphology.

[Insert Figure 2]



[Insert Table 2]
2.1.2 Pé de Gigante catchment (PEG)

The experimental PEG catchment underwent hydrological and
micrometeorological monitoring and has an area of 1560 ha. It is located in the
Vassununga Park of the Institute of Forestry of Sdo Paulo. The area consists mostly of
restricted cerrado, in addition to other physiognomies of cerrado and a small area with
deciduous forest. The region is characterized by a differentiated relief that ranges from
wide to low hills, as well as fluvial plains with a predominance of smooth reliefs and
low slopes (0 to 10%) (Bruno, 2009). The Kd&ppen climatic classification of the
experimental area is Cwa, with average monthly temperatures ranging from 17.6°C to
23.5°C and the average annual rainfall totaling 1,478 mm. The rainy season occurs
between September and April, and the dry season between May and August (Bruno,
2009). The PEG catchment soil was classified as a red neosol. These are deep, porous
and well-drained soils with moderate to weak A horizon and medium texture,
presenting good physical characteristics for the root development of plants (Batalha,
1997). High levels of sand provide this soil with a good rooting ability in its physical
aspects, but a low water retention capacity. Due to the relief to which they are
associated and to the low degree of cohesion between particles caused by low clay
content, these soils are highly susceptible to natural erosion (Bruno, 2009). Spatial
information about the relief, land use, soils and geomorphology are presented in
Figure 3.

[Insert Figure 3]

2.1.3 Santa Virginia catchment (SVG)

The Santa Virginia catchment (SVG) is located in the Serra do Mar State Park
(PESM) and has an area of 120.5 ha. Serra do Mar is a region of escarpment relief
with typical plateau border, leveled by the top at altitudes from 800 to 1200 m,
predominantly covered by dense ombrophilous forest (Freitas, 2012). In this region,
the relief has strong slopes (24 to 37°). The type of soil in the catchment is Cromic
Cambisol (Radambrasil, 1983). According to the K&ppen classification, the climate is
Cfb (koeppen, 1948). It has an average annual precipitation of 1731 mm, with
subhumid tropical climate. The average annual temperature is 22.5°C on the coast
(from 19°C in winter to 25°C in summer) (Scardua, 1994). Figure 4 shows spatial

information of the relief, land use, soils and geomorphology.



[Insert Figure 4]
2.1.4 Marins catchment (BHRM)

The Marins catchment is located in the municipality of Piracicaba, Sao Paulo,
with an approximate area of 5,973 ha. The Marins catchment is of great socio-
economic and environmental importance to the region. The water resources coming
from this catchment are used to irrigate most of the vegetables that supply the city and
region, among other uses (Casagrande, 2005).

According to the Kdppen classification, the climate is Cwa of mesothermic
type, i.e. humid subtropical with drought in winter, whose rains of the driest month do
not reach 30 mm and the temperature of the hottest month is higher than 22°C, while
that of the coldest month is below 18°C (Machado & Vettorazzi, 2003). The
precipitation and flow data originate from two rain gauges and the
hydrosedimentometric station installed in the catchment in 1999, under the
responsibility of the Department of Water and Electricity (DAEE) and the Technology
Center of Water Resources (CTH) of USP. One of the rain gauges (D4118r) was
installed in the upper portion of the catchment. The other pluviograph (D4116r) was
installed close to the hydrosedimentometric station. The contributory catchments until
the post has approximately 22 km? (2200 ha) (Machado, 2002). The land is
predominantly used for cultivation of sugarcane and pasture (Table 3 and Figure 5). In
the Marins catchment, the predominant soils are Litholic Neosols and Red-Yellow
Argisols, with 58% and 42%, respectively (Table 4 and Figure 5).

[Insert Figure 5]
[Insert Table 3]
[Insert Table 4]

2.1.5 Mineirinho catchment

The Mineirinho catchment is located in one of the growth vectors of the
municipality of Sdo Carlos, Sdo Paulo, with an area of 585.5 ha, and it underwent
hydrological and four rain gauges monitoring. There are various different land uses
such as agriculture and mixed-use regions with houses, commerce and services, most
notably residential areas (Figure 6). In the area close to the river mouth, a small
section of the stream was straightened and buffered to construct a roundabout. Table 5
shows the land use of the catchment. The Koppen climatic classification for Sao

Carlos is Cwa, tropical with humid summer and dry winter or warm weather and dry



winter (Lorandi, 1985). The precipitation ranges from 1500 to 1700 mm/year and the
average temperature ranges from 18.1°C to 23.1 °C (Martins, 2017). The catchment
soil was classified as a red-yellow Latosol, with deep and dystrophic interfluves

(Benini, 2005) (Figure 6).

[Insert Table 5]
[Insert Figure 6]

2.2 METHODS

Based on data from the pluviographs installed in the catchments, we selected
and analyzed extreme precipitation events with potential for generation of surface
runoff and their respective flows to separate the surface runoff volume from the base
volume in the hydrograph. Separating the direct runoff from the base flow is a
procedure that allows to understand the magnitude and the dynamics of the discharge
of groundwater and the processes of direct runoff in watersheds (Brodie & Hostetler,
2005). It also allows to analyze the influence of several factors on the base flow and
direct runoff, for example, via analysis of the influence of adopting practices for water
and soil conservation in the reduction of flow peaks and the increase of the minimum
flows in periods of drought (Miranda et al., 2014; Vasconcelos et al., 2013). There are
some methods for separation of flows, such as chemical analyses of certain substances
identified as tracers, methods that are based on curve fittings through graphical
analysis of hydrographs and digital filters of physical basis. We used the digital filter
method proposed by Arnold (1999).

The digital filter technique was originally used in the analysis and processing
of signals to separate those of high frequency from those of low frequency. In this
method, high-frequency waves can be associated with direct runoff, and low-
frequency waves can be associated with base flow (Lim et al., 2005). The sum of both
frequencies would correspond to the total flow of the hydrograph. Although the
technique has no actual physical basis, it is objective and reproducible (Arnold et al.,
1995), this automated digital filter technique can be suitably compared to the estimates
measured in the field.

The filter equation is:

9= B qu + (I+ B)2* (Q- Qu)
(D



Where q, is the filtered surface flow (rapid response) in time ¢ (one day), Q is
the original flow and P is the filter parameter (0.925). The value of 0.925 was
determined by Nathan & Mcmahon (1990) and Arnold et al. (1995) to give realistic
results compared to manual separation techniques. The base flow, b,, is calculated with
the following equation:

b, = Q— q
2

The calculation of the surface runoff coefficient (C), relative to a rainfall event,
was carried out by verifying the total volume flowed through the separation between
this and base volume, using the digital filter, and the total precipitated on the
catchment, according to the relation below:

C=Vs/Vp 3)
Where, C — runoff coefficient; Vs — surface runoff volume; Vp — precipitated

volume.
3. RESULTS AND DISCUSSION

After analyzing the rainfall-flow data at different seasons and selecting flood
events from the Tinga, P¢é de Gigante, Santa Virginia, Marins and Mineirinho
catchments with a digital filter, we found a variation of the values of the runoff
coefficient between the rainfall-flow events selected different from the tabulated
values. Table 6 shows the information of the events analyzed for the five catchments.

[Insert Table 6]

Table 7 shows the values for experimental surface runoff coefficients for six of
these events. These coefficients (C,-C¢) represent the data obtained in different dates
and years* and the CT is the tabled runoff coefficient (McCuen, 2017; Gribbin, 2014;
Anderson & McDonnell, 2005). To eliminate the effects of antecedent rainfall and soil
moisture, we selected isolated precipitation events. The exception was the values of
Tinga — C5= 0.024; PEG — C2= 0.038; SVG — C6= 0.0003; BHRM — C3= 0.36,
Mineirinho — 0.15, which were obtained from the analysis of two consecutive
precipitation events. The values were higher than the C values generated in the
hydrograms that present an isolated precipitation event. This is probably because, after
a precipitation event, the soil is already saturated or partially saturated, that is, the

increase in soil moisture also increases the C value after the second precipitation



event. Although rainfall and antecedent soil moisture are quite significant in the higher
or lower values of the runoff coefficients, land use and soil type are factors that control
the superficial runoff.

[Insert Table 7]

From the Tinga catchment, we selected a sequence of hydrographs and
precipitation with different types of behavior from 2011. The C values of Table 8 and
Figure 7 show the hydrographs and precipitations that occurred in each event and the
values of runoff coefficients. Figures 7a and 7c show the events in which the direct
runoff was greater than the base flow, as there were more intense rains and
consequently higher surface runoff. For less intense rains the tendency is that most of
the water volume infiltrates in soils, especially in those occupied with eucalyptus
(infiltration rate > rainfall intensity) (Zuquette & Palmai, 2006). This occurred in the
hydrograph of Figures 7b, 7d, 7e and 7f. In the less intense precipitation events, the
base flow was greater than the surface runoff. Figure 7f shows the hydrograph
resulting from the analysis of two consecutive precipitation events. For this analysis in
which two precipitation events occur in sequence, the C value was 0.024 (Table 7)
higher than the C values of the other hydrographs that were analyzed in isolation.

In the observed hydrographs, the base flow predominated. The exception was
two events whose direct runoff predominated. There was little variation in the runoff
coefficient values for this catchment, possibly due to the uniformity of land use and
cover. The behavior of hydrographs and the response of the catchment to precipitation
events were influenced by land use/occupation, which is predominantly characterized
by eucalyptus (78.94%) and native vegetation (8.67%) on Red Latosol soil. Latosols
are one of the thirteen orders of soils according to the Brazilian Soil Classification
System. These soils consist of a material that is mineral predominantly, very
weathered, with a B-latossolic diagnostic horizon and high infiltration capacity. They
represent more than 50% of the Brazilian territory and are the most important order in
agricultural terms (Neto & Loper, 2009).

[Insert Table 8]
[Insert Figure 7]

The runoff coefficient values were obtained from the events analyzed between
2012-2013 for the P¢é de Gigante (PEG) catchment (Figure 8 and Table 9). In all
events, the base flow was greater than the surface runoff. Considering that the type of

land use and cover determines, in part, the hydrological behavior of a catchment, in



this catchment the greatest cover of the land is the Cerrado biome under Red Latosol,
which has a medium, deep, porous and well-drained texture, presenting good physical
characteristics for root development of plants and water infiltration (Batalha, 1997).
This condition favors water infiltration into the soil and the generation of base flow.
These results show the importance of the Cerrado biome associated with the soil of
high infiltration capacity to maintain a perennial river.

[Insert Figure 8]

[Insert Table 9]

Table 10 and Figure 9 show the hydrograph and C values for the Santa
Virginia (SVG) catchment, respectively. Some precipitation events analyzed occurred
in very close periods. There was little variation in the runoff coefficient calculated for
each event. Out of the six events shown, four presented greater base flow than surface
runoff (Figures 9b, c, d, e). Rainfall intensity varied between 12.95 mm/h and 78.23
mm/h for the studied period. The hydrograph resulting from a complex precipitation
event (Figure 9f) presented direct runoff (56.5%) greater than the base flow (43.5%).
Data analysis preceding this event confirmed the existence of a previous precipitation
event, which increased the soil moisture and consequently the soil saturation.

The SVG catchment is characterized by native forest cover and clay soils with
low activity and low base saturation in most of the first 100 cm of the B-horizon
Haplic Cambisols (EMBRAPA, 2006). The forest cover intercepts rainwater,
decreases its speed, and protects and improves the soil hydrologic conditions due to
the organic layer that accumulates on the surface (plant litter), allowing the infiltration
process to occur slowly (Neary et al., 2009; Andréassian, 2004; Brown et al, 2005).
[Insert Table 10]

[Insert Figure 9]

To calculate the mean precipitation of the Marins catchment (BHRM), which
has two rain gauges, we used the Thiessen method. Hydrographs of the six flood
events in 1999 and 2000 during different months are presented in Figure 10. We
observed that the average of the direct runoff (64.87%) was higher than the average of
base flow (35.13%).

[Insert Table 11]

Lallam et al. (2018) quantified the influence of certain parameters on the runoff

coefficient values of watersheds, and the vegetation cover is the most impacting one
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(vegetation density and degree of plant development). BHRM has a predominant
coverage of sugarcane (approximately 70% of land use). The management of
sugarcane has two distinct phases: first, furrowing of the soil for planting, and second,
maintenance over a period. During the furrowing phase, the structures of the surface
layer are destroyed, and the infiltration rate is very high. According to EMBRAPA
(2018), the period between January and March is considered ideal for the growth of
sugarcane, since it presents good conditions of temperature and humidity, ensuring the
development of the gems (Fietz et al., 2015). The highest direct runoff observed
occurred during this period because precipitation is not intercepted by any vegetation
cover.

During this study period, rainfall intensity ranged from 11.8 mm/h to 58.9 mm/
h. Castilho & Filho (2000) analyzed the interception of rainfalls from February to
December 1999 in a sugarcane crop in a cultivation area in the city of Campinas, Sdo
Paulo, located in the same climatic region (approximately 75 km of the BHRM).
According to the author, in this period the total incident precipitation analyzed was
778.9 mm, of which 39.5% were intercepted and 60.5% represented the water depth in
the soil. As sugarcane develops, the amount of precipitation intercepted by the
vegetation cover represents an important part of the water balance. Tomasini et al.
(2010) analyzed the effect of different soil cover in sugarcane cultivation area on the
surface runoff in the erosion between the furrows. The authors verified that the effects
of the sugarcane canopy and residue promoted the increase of the hydraulic roughness
and the volumes of interception by the vegetation, reducing the runoff. As previously
mentioned, soil texture, moisture and compaction, vegetation management and cover,
as well as precipitation intensity can influence the runoff and consequently the runoff
coefficient value. As direct runoff and base flow alternated in discharge formation
(Figures 10a-f), different C values were expected for each period. The variation
between all experimental runoff coefficient values ranged between 0.011 and 0.35,
concerning the tabled runoff coefficient value (0.31).

[Insert Figure 10]

Figure 11 shows the hydrograph of the events and Table 12 shows the runoff
coefficient values obtained from the events analyzed between 2014 and 2015 in the
Mineirinho catchment. Only 12 events were analyzed. A hydric crisis occurred in the
region between 2014 and 2015, causing precipitation levels to drop much below

annual averages and resulting in lower river flow. We used the Thiessen method to
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calculate the mean precipitation of this catchment, which has four rain gauges, three
installed in the inside. In all events, the direct flow was greater than the base flow. The
catchment has diversified land use, with a predominance of residential use with area of
low and medium density. The catchment has undergone an urbanization process since
the 1970s (Aprigio, 2012). The values of C indicate that urbanization is a significant
factor controlling the runoff in the catchment. The rapid runoff response of highly
urbanized watersheds is due to increased imperviousness and development of artificial
(typically concrete) drainage systems (Rose & Peters, 2001). However, the soil is
extremely sandy, with good internal drainage, low erodibility and low runoff
generation potential (Almeida, 2009). These soils, due to their characteristics, belong
to hydrological group B, according to the SCS methodology (Sartori, et al., 2005).
[Insert Figure 11

[Insert Table 12]

The graphs presented in Figure 12 show the degree of variability in C values
around the main value of the sample. Between the catchments, an increase in the
runoff coefficient is observed as the area increases. Catchments with larger areas —
BHRM (2200 ha) and PEG (1560 ha) — presented higher runoff coefficients than SVG
(120.5ha) and Tinga (83.57ha), with smaller areas of contribution. This result is not
always expected, because watersheds with larger areas tend to have greater water
infiltration in the soil since they are generally flattered regions (Gomi et al., 2008).
However, the runoff coefficients of the PEG (1560 ha) were smaller than the
Mineirinho catchment (585.5 ha). Only the watershed size is not a determining factor
as an indicator of high or low runoff coefficients, and other characteristics of the
watershed have to be considered, such as slope, soil type and use and occupation of
land (Lemma et al., 2018). According to Merz et al. (2006), surface characteristics of
watersheds are more impacting in C values than its area of contribution.

The inter-quartile amplitude was smaller and had symmetrical distribution
similar to the median for Tinga, PEG and SVG catchments (Figure 12). These
catchments showed few outlets compared to the number of events analyzed, 3.8%,
3.1% and 2.9%, respectively. The differences are apparent both in the median runoff
coefficients as well as in the maximum and minimum. The 25% quantiles were 0.05
for Marins and 0.07 for Mineirinho. while for Tinga, PEG and SVG catchments were
0.006, 0.006 and 0.05, respectively. The 75% quantiles were 0.19, 0.11, 0.009, 0.009
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and 0.09 for Marins, Mineirinho, Tinga, PEG and SVG catchments, respectively. The
runoff coefficient values were variable in catchments (mainly Marins and Mineirinho)
and highly variable between catchments. The catchments with native vegetation (forest
and cerrado) have the smallest runoff coefficients while the Marins and Mineirinho
catchments have the largest runoff coefficients (diversified land use). The median
runoff coefficient at Marins catchment was the highest of all catchments. Furthermore,
compared to the other catchments with native vegetation, the median runoff coefficient
(0.12) for Marins catchment was 15 times higher than Tinga and PEG (0.008), and 1.5
times higher than SVG (0.08). The median runoff coefficient (0.09) at Mineirinho
catchment was also greater compared to the catchments covered with native
vegetation, 11.25 times higher than Tinga and PEG (0.008), and more than 1.13 times
higher than SVG (0.08). The land use in this catchment has been changing since 1970,
when undergoing an urbanization process. The population-density increase was
accompanied by an increase in imperviousness that caused changes in watershed
hydrologic characteristics.

These variations in the values of the runoff coefficient may be related to
changes in land use, but also to other factors, such as soils (layers, porosity), relief
(aspect, slope), and precipitation (height, duration and intensity). According to Huff et
al. (2000), Crouzeilles & Curran (2016), cited by Zhang et al. (2017), theoretically, as
watershed size increases, more heterogeneities in landscape, topography, climate,
geology and vegetation, resulting in greater buffering ability to watershed disturbances
such as change in land uses, thus being less sensitive to a given level of forest cover
change compared to smaller watersheds. However, for catchments (small watershed),
the factors of relief, soil and geology are more homogeneous, which eliminates their
influences on the catchment’s response (Merz et al., 2006; Cerdan et al., 2004).

The five catchments are located in the same hydrological region (humid
subtropical zone) and the soil of the catchments did not differ in terms of water
infiltration capacity and reduction of surface drainage, which eliminates climatic and
soil factors from the variation of the runoff coefficient values between catchments. As
for the morphometric index, the slope of the main stream was 2.2%, 2.0%, 7.1%, 1.1%
and 2.2% for the Tinga, PEG, SVG, Marins and Mineirinho catchments, respectively.
The slope and the length of the mainstream are two factors that influence surface
drainage and are used in most equations to calculate the time of concentration of the

watershed. Catchments with short times of concentration present a stronger tendency
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to flood. The lowest slope of the main stream belonged to the Marins catchment,
which had the highest runoff coefficient and diversified land use. On the other hand,
the biggest slope of the main stream belonged to the SVG. The SVG catchment is
located in a region of escarpment relief in Serra do Mar. In this region, the relief has
strong slopes (24 to 37°). However, predominantly covered by dense ombrophilous
forest. Compared with the region of escarpment relief of the SVG catchment, the
Marins catchment transports more runoff, even with the relatively low relief. The
slope of the mainstream in the remaining catchments was similar despite the difference
in soil coverage. The Tinga and PEG catchments had plant coverage from woods and
the Mineirinho catchment had a predominantly urban land use. Catchments with
bigger slope and coverage from native vegetation (SVG and PEG catchments) had the
lowest variations in C values, whereas the catchments with varying land uses had the

highest values and variations of C (Marins and Mineirinho catchments).

The runoff coefficients determined for these three catchments (Tinga, PEG e
SVG) are very low, which is probably due to the lack of anthropogenic influences
such as soil compaction, homogeneity of land use and especially the interception of
vegetation (the catchments are covered with native vegetation). Therefore, flow that
occurs near the interface of the organic/mineral horizon, typical of forest areas, may
infiltrate more deeply into the soil and may not contribute to the flow of the catchment
storm (Badoux et al., 2006). The C values varied in the other catchments with more
land use diversity. The spatial arrangement of areas of given land use within a
catchment is significant for runoff coefficients at the catchment scale (Cerdan et al.,
2004). The high variability in C from the Marins catchment was potentially associated
with seasonal variations in soil surface conditions. Its soil physical conditions such as
surface roughness and soil compaction are altered by the harvest cycle of the
sugarcane, mail culture of catchment (67.6%). In the Mineirinho catchment, outlets
represented 33.3% of samples and presented asymmetrical amplitude. Land use is
characterized by urban occupation (42.9%), agriculture (10.1%), forest (12.9%) and
grass (25.5%). The higher percentage of native vegetation (forest and cerrado) in the
SVG, Tinga and PEG catchments can certainly explain the differences in the runoff
coefficients. These results show that soil surface condition was the main factor

controlling the runoff coefficient at the scale of catchments.

[Insert Figure 12]
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4. CONCLUSIONS

We determined the runoff coefficients (C) in five experimental catchments,
with different land uses, using a digital filter for separating the base flow from the
surface runoff. From the relationship between surface runoff volume and precipitated
volume, we determined the C values and compared them with the tabulated values.
The values obtained in the experimental catchments were very different from each
other and from the tabulated values. As the tabulated values were obtained in
experimental plots, they do not reflect reality, since each catchment has different
characteristics (geological, climatic and physiographic factors of the region, soil type,
land uses, among others) and more complex hydrological processes. Although the
tabulated C values overestimated the values obtained in experimental catchments, and
although the higher the C value, the lower the risk of the hydraulic work failing, care
is required when choosing these values for estimating maximum discharge in
engineering projects. Since C is used to calculate maximum flow according to the
Rational method by Wilken (1978), many authors make severe restrictions to this
method, not due to its core concept, which is valid, but due to the way it is employed,
namely with use of completely empirical coefficients whenever data is impossible to
acquire or missing in order to determine the C coefficient values covering various
complex factors. Land use had a high correlation with runoff coefficients in this study.
In the catchments with original vegetation cover, such as the cerrado (PEG catchment)
and forest (SVG catchment), the runoff coefficient varied little compared to the
remaining events analyzed, different from the catchment where land use and
occupation are predominantly agricultural (BHRM catchment) and mainly in
catchments with urban occupation (Mineirinho catchment). In urban areas, artificial
modifications tend to increase peak discharge, such as soil sealing, urban drainage and
river channelization. While the forest intercepts most of the rain due to large leaf areas
compared to grassland or agricultural land and increased the permeabilities of forest

soils (Andréassian, 2004; Brown et al., 2005).
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