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ABSTRACT:

This work addresses the hydrological behavior in the basins of the Aguapef and Peixe rivers, which drain part of the region of the
Western Plateau of Sao Paulo state, Brazil. The spatial variation of the water production per unit area in the hydrographic basins
was evaluated, taking as a reference different hydrological periods of the historical series of data. To this end, the hydrological
regime of the rivers and the drainage area associated to the sampling stations were considered. The obtention of the fluviometric
regime and hydrological periods were based on daily, monthly and annual data of historical series. The average specific flow rate
was determined by the ratio between the average flow rate in a given measurement section and the respective drainage area.
The results reveal changes in the spatial patterns of Qe. The stations located in the upper basin of the basins had a greater data
variability in the three hydrological periods, which was expected. The increase in specific water production in certain hydrological
periods can intensify the laminar and linear erosion processes, which may be an additional problem for areas with inadequate land
management.

KeEYWORDS: Hydrological Variability, Hydrological zoning, Specific flow, Peixe River.

REsumo:

Este trabalho aborda o comportamento hidroldgico nas bacias dos rios Aguapei e Peixe, que drenam parte da regido do Planalto
Ocidental Paulista, Brasil. Foi avaliada a varia¢io espacial da produgao hidrica por unidade de 4rea nas bacias hidrogréficas,
tomando-se como referencia diferentes periodos hidrolégicos da série histérica de dados. Para tanto, foram considerados o regime
hidrolégico dos rios e a drea de drenagem associada as estagoes de amostragem. A obtencio do regime fluviométrico e perfodos
hidrolégicos foram baseados em dados didrios, mensais e anuais de séries histéricas. O indice de vazio especifica média foi
determinado pela razio entre a vazio média em uma dada segio de medigao e a respectiva drea de drenagem. Os resultados revelam
alteracoes nos padroes espaciais da Qe. As estacdes situadas no alto curso das bacias apresentaram maior variabilidade nos dados nos
trés periodos hidrolégicos, o que era esperado. O aumento da produgcio especifica hidrica em determinados periodos hidroldgicos
pode intensificar os processos erosivos laminares e lineares, o que pode ser um problema a mais para dreas de manejo inadequado
da terra.

PALAVRAS-CHAVE: Variabilidade Hidrol6gica, Zoneamento hidrolédgico, Vazao especifica, Rio do Peixe.

RESUMEN:

Este trabajo aborda el comportamiento hidrolégico en las cuencas de los rios Aguapei y Peixe, que drenan parte de la regién del
Planalto Occidental Paulista, Brasil. Se evalu6 la variacién espacial de la produccién hidrica por unidad de 4rea en las cuencas
hidrograficas, tomando como referencia diferentes periodos hidroldgicos de la serie histérica de datos. Para ello, se consideraron el
régimen hidrolégico de los rios y el drea de drenaje asociada a las estaciones de muestreo. La obtencién del régimen fluviométrico
y periodos hidroldgicos fueron basados en datos diarios, mensuales y anuales de series histricas. El indice de flujo especifico
promedio se determiné por la razén entre el caudal medio en una seccién de medicién y la respectiva drea de drenaje. Los resultados
revelan cambios en los patrones espaciales de la Qe. Las estaciones situadas en el alto curso de las cuencas presentaron mayor
variabilidad en los datos en los tres periodos hidrolégicos, lo que se esperaba. El aumento de la produccién especifica hidrica en
determinados periodos hidroldgicos puede intensificar los procesos erosivos laminares y lineales, lo que puede ser un problema més
para 4reas de manejo inadecuado de la tierra.

PALABRAS CLAVE: Variabilidad Hidroldgica, Zonificacién hidroldgica, Caudal especifico, Rio del Peixe.
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INTRODUCTION

River basins can be considered as physical systems where the input is the volume of precipitated water and the
output is the volume of water drained at the outlet of the River Basin. In general terms, they are a well-defined
physical unit for hydrological studies, having a single input, which is precipitation, and output is given by the
runoff at the outlet of the basin, taking into consideration evapotranspiration losses. On the macro scale, as
in the case of large hydrographic basins, the patterns of runoff, intensity and seasonality may be controlled
primarily by climatic effects. This general pattern reflects the patterns of precipitation and general circulation
of the atmosphere. However, aspects of the physical environment and land cover interact with each other to
determine the natural seasonal and spatial pattern of runoff variation (PETTS & FOSTER, 1990).

The runoff (discharge) is usually based on the monthly average discharges and allows the evaluation of
the seasonality of the flows. The maximum and minimum annual average may reveal possible variations
throughout the historical series of the season. These assessment aspects become important due to the
interactions between man and the environment, the results of which usually promote changes in the aspects
of intensity and quality of the precipitation-discharge relation in the river basin.

Knowledge about the hydrological regime of rivers is basic information for decision making in several areas
of knowledge, especially for scholars interested in issues related to environmental planning and the use of
water resources within the river basin. However, alack of information usually makes it difficult to obtain such
knowledge. The lack of data and the need to know them throughout the study area often prevent planning
from being compatible with the needs of the area of interest.

On the other hand, with Federal Law No. 9,433 of January 8th, 1997, there was a greater control over
the use of resources based on its regulation. The need to determine hydrological variables to be used in the
management of water resources was established (SILVA JUNIOR, 2003), and the river basin has been used
as a unit for the management of water resources.

In the study of water resources, the hydrographic basin can be considered, in general terms, as a physical
system where the input of water is the volume precipitated and the output is the volume of water drained by
the river mouth and the evapotranspiration. Generally speaking, it provides a well-defined physical unit for
hydrological studies, having a single input, precipitation, and output is given by runoff at the river mouth,
considering evapotranspiration losses. On the macro scale, as in the case of large hydrographic basins, the
pattern of the runoff and its intensity and seasonality may be controlled, primarily, by climatic effects.
This general pattern reflects the patterns of precipitation and general circulation of the atmosphere. To
compare individual river basins, the geology, basin morphometry, soils and vegetation, as well as climatic
aspects, interact with each other to determine the natural seasonal pattern of variation in runoff (PETTS
& FOSTER, 1990).

The variability of the hydrological regime is controlled by several elements that characterize the
hydrographic basin, such as lithology, relief, soils, vegetation cover and also by climatic factors such as
precipitation, solar radiation and evaporation (TUCCI, 2002). For Clarke et al. (2003), factors such as
geographic location and / or altitude may contribute substantially to the results of flow regime analysis, air
mass advancement, local precipitation events, among others.

Although the control of hydrological systems is greater in developed countries, the inadvertent
modifications in these systems are universal, generally as a function of the present model of the appropriation
of nature by contemporary man. Human interventions in the hydrological cycle can occur in different
phases. The hydrological cycle functions as a series of water storage (water tanks), connected by transfers.
Some of these deposits or boxes are present as such because of the speed of transfers, which may be slower
(e.g. underground) or faster (e.g. rivers), which may also have a limited storage function. At each point of
intervention in these locations different impact intensities may occur (DREW, 1994).
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In general, the greatest impacts are associated with the relation between infiltration-flow, due to
interference in vegetation, soil and river flows (ROCHA & ANDRADE, 2012). In the short term, the loss
of tree cover reduces the loss of soil water by transpiration, as the deep roots of the trees are cut off; as well
as causing more water flow on the surface of the land, since the old vegetation and the cushioning blanket
of fallen leaves are replaced by bare soil or by crops with lower storage potential. Thus, the likelihood of the
direct flow of water to the rivers is increased. Figure 1 illustrates the effect of deforestation on the river flow

of small river basins (DREW, 1994).
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FIGURE 1
Effects of deforestation on the flow of a river. In (a) change of river flow
after deforestation. In (b) the different hydrographs after rainfall in basins
of the same area with different uses of the soil Source: Drew (1994).

Water production in a river basin depends on several climatic factors such as precipitation, humidity,
evaporation, temperature, winds etc. (TUCCI & CLARK, 1998). Topography is also an important influence
on rainfall production (ANDRIUCCI et al., 2002). These in turn directly influence the surface and
underground flow, depending on the flow velocity. Specifically, regarding hydrological studies, precipitation
corresponds to the water coming from evaporation that returns to the surfaces in different forms,
contributing to the volumes of water in the rivers and reservoirs.

The mean specific flow rate is a hydrological variable that can be used in studies of hydrological
regionalization or zoning, It is determined by the ratio between the mean flow rate in a given measurement
section and the respective drainage area (TUCCI, 2002). This parameter should only be used in areas with
a low density of fluviometric stations (LIMA et al., 2008), with the aid of GIS (Geographic Information
System) software and geotechnologies for spatial representation and mapping. It serves as a measure of hydric
production relative to different sized areas of a river basin.

The hydrological zoning of a river basin can serve as an important tool to visualize areas of similar behavior
from the point of view of the use of surface water, in order to contribute to the planning and management
of surface water resources. As well as the principles that govern environmental zoning, it aims at the balance
of ecosystems and the sustainability of natural resources.
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Currently, the plans for the implementation of the charging policy for the use and concession of water
resources in the scope of the Committee of Hydrographic Basins in the State of Sao Paulo are at different
stages. However, there are still problems with monitoring, which is still lacking in fluvial courses; problems
persist with public supply and the updating of regionalization maps.

This work presents a superficial hydrological study and refers to a parallel analysis to the analysis of
traditional hydrological regionalization, with a comparative analysis of distinct hydrological periods. In this
hydrological zoning, there is a geographic analysis of the spatial-temporal variations of the specific hydric
production as a variable of the surface runoff, with the purpose of supporting the management bodies.

The objective of this study is to analyze the spatial variation of water production per unit area in the
hydrographic basins of the Aguapei and Peixe rivers, in the western region of Sao Paulo, taking as a reference
different hydrological periods of the historical data series. The hydrological behavior of the rivers was
analyzed along a historical series of about 70 years, using the hydrological periods identified in the regional
literature, supported by statistical analysis of the time series, from the perspective of temporal and spatial
dynamics. The intention is to understand the variations in the distribution of the specific flow in space and
time, as a subsidy to the most severe public policies on the uses of water in this area by the official bodies.

LOCATION OF THE STUDY AREA

The hydrographic basins of the Aguapei and Peixe rivers are located in the western portion of the state of Sao
Paulo between the coordinates -49.395142; and -52.168376, west longitude and -20.951768; -22.439189,
South latitude. Due to some similarities in the geographic, physical and socioeconomic aspects the Water
Resources Management Units (UGRHI) of the Aguapei (UGRHI 20) and Peixe Rivers (UGRHI 21) were
included in a single Hydrographic Basin Committee, according to state law n° 7.663 of December 30th,
1991. Both are managed by the Hydrographic Basin Committee of the Aguapei and Peixe Rivers (CBH-AP).

According to CBH-AP (2013), the interdependence between these two river basins and those
surrounding them is low, they have a greater interference with each other, although there are municipalities
that have part of their area inside the limits of these basins, but are not part of them, since their municipal
headquarters are located in slopes belonging to other hydrographic basins. Thus, these municipalities are
denominated “integrants”, and are mostly those located on the dividing line of these basins’ hydrographs.

The incorporation of these basins into a single Committee was specifically aimed at promoting the
discussion about the hydric issues inherent to the territory and the integration of the various actions and
activities aimed at the recovery and preservation of water resources in the area (CBH-AP, 2013).

Together, the UGRHI Aguapei and Peixe have an area of approximately 21,167 km?, composed of fifty-
nine (59) municipalities, as detailed in Andrade (2011). It has boundaries to the North with the Tieté River
Basin, to the West with the State of Mato Grosso do Sul, having as its border the Parana River, to the East
with the Serra dos Agudos and to the South with the basin of the Paranapanema River (CBH -AP, 1997),
as shown in figure 2.

According to Sant’Anna Neto (1995) the rainfall pattern in the state of Sio Paulo shows a downward
trend from East to West and from South to North. Such variations are mainly influenced by the general
circulation of the atmosphere, characterized by the action of the (continental and maritime) tropical
masses. There is the direct influence of the northwest-southeast front that reaches the area of the Pontal do
Paranapanema and the slopes facing the channel of the Parana River. In this region, rainfall totals are around
1,100 and 1,500 mm annually, considered the lowest in the state.
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FIGURE 2
Location of the study area and location of fluviometric stations and rainfall stations

in the hydrographic basins of the Aguapei and Peixe rivers. Source: Andrade (2014)

The regional climate is influenced by air masses, such as Atlantic Tropical (Ta), Tropical Continental
(T¢) and Continental Equatorial (Ec), alternating between a period with higher temperatures and high
rainfall (from October to March) and another with mild temperatures and lower rainfall indexes (April to
September) (SOUZA, 2005), as shown in Figure 3.

The normal annual isohyetal map (period 31-60) of the South American Climatic Atlas (WMO/
UNESCO, 1975, in ZAVATINI, op cit), shows that rainfall in the Parand basin was between 1,200 and
1,600 mm, except in the extreme west of Mato Grosso do Sul (Pantanal), where values fell (1,000 / 1,200
mm); in the south-central part of Parand, in the southwest of Minas Gerais and Goids (2,000 mm) and in the
upper Parand River, where the weaker indices were between 800 and 1,000 mm. According to this author,
these characteristics practically maintained the same distribution in the period 1966/1985.
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Figure 4 shows the annual rainfall totals of the historical series for a total of 46 (maximum value) stations

located within the limits of the basins studied here, in the West of Sio Paulo.
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FIGURE 4

Average annual total rainfall in the area of the basins of the Aguapei and Peixe
rivers, Oeste Paulista. A) Interannual variation and average of the identified
periods; B) number of stations evaluated. Source: Rocha & Andrade (2015)
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Considering the total interannual values, the hydrological periods identified in the fluviometric data have
a good visual correlation. It was also possible to perceive the different hydrological periods similar to those
presented previously. The average values for the period 1947-1971 were 1,182 mm (1st period), 1972-1984
of 1,389 mm (2nd period) and 1985-2004 of 1,305 mm (3rd period).

Figure 5 presents a synthesis of the degradation potential based on the criticality of erosion processes in
the two basins and their subdivisions. According to the general diagnosis of the Basin Plan (CBH-AP, 2008),
many areas are found to have highly critical erosive processes, and thus have a high potential for degradation.

FIGURE 5

Potential for degradation in the basins of the Aguapei and Peixe rivers in the high, middle and
lower sectors, according to the official division of UGRHIs 20 and 21 Source: CBH-AP (2008).

Due to sandy soil characteristics, associated with inappropriate land use, according to the Synthesis Book
of the Hydrographic Basins of the Aguapei and Peixe Rivers (CBH-AP, 2011), 70% of the basin areas have
a high degree of potential soil erosion. Figure 6 presents a study on erosive and depositional trends for the
tWO water resources’ management units.

Itis evident that part of the upper basin presents a very high tendency to erosive and depositional processes.
In general, however, a high tendency to erosive and depositional processes predominates from the upper to
the middle courses of the basin. Only the lower courses of the Aguapei and Peixe Rivers have a low tendency
to erosion and deposition processes.

In general, the land use of both basins is dominated by pastures, with an intense advance of sugarcane as
a temporary crop. The graphs in Figure 7 show the division of activities in the rural area, based on CBH-
AP reports.

PREVIOUS STUDIES OF THE HYDROLOGICAL REGIME OF RIVERS IN THE UPPER PARANA RIVER
BASIN

The investigations of the hydrological behavior of the rivers of the Upper Parand basin to understand their
hydrological variability and changes in the rivers’ regime have been analyzed in several studies, such as Clarke
etal. (2003), Tucci & Clarke (1998) and Collischonn etal. (2001) on the Paraguay River, and by Rochaetal.
(2010), Rocha (2010) on the Parand River and Araujo (2011), Rocha e Aratjo (2017) on the Paranapanema
River. The latter are also associated with the effects of large dams. These studies have observed a distinct
change in the magnitude of the hydrological regime of the rivers from the beginning of the 1970s. They
have associated this alteration to the effect of the control of debits by the large dams in the basin and, in
part, to the processes of use and occupation on the hillsides. In the West Paulista basins, recent studies of
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the Aguapei and Peixe rivers have also indicated the existence of hydrological periods coinciding with the
previously mentioned studies (ROCHA & TOMMASELLI 2012).
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FIGURE 6
Chart of zones of erosive and depositional trends of the
Aguapei and Peixe River Basins. Source: MANOEL (2015)
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FIGURE 7
Main land uses in UGRHIs 20 (Aguapei River) and 21 (Peixe River). Source: SANTOS (2013)

PROCEDURES

Fluviometric stations with long historical series in operation and / or having a long series of data until
recently, were inventoried with a survey of the National Water Agency and the State Water Department
of Sao Paulo / SIGRH. Subsequently, the location of the representative stations and the daily and monthly
hydrological data were evaluated, secking to contemplate the high, middle and lower sections of the main
rivers in the two basins chosen for the analyzes.

It is important to remember that the two hydrographic units (Aguapei and Peixe) are composed of
drainage channels that run through lands of the same geological - the sandstones of the Bauru Group (IPT,
1981), and geomorphological domain — the western plateau of Sao Paulo (ROSS & MOROZ, 1997). They
also belong to the same climatic region - alternately dry and humid tropical climate (MONTEIRO, 1973),
which facilitates the correlation between the data of the stations.
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Thus, the approach used was the Index of Hydrological Change (AHI), proposed by Poff et al. (1997). This
methodology is an important tool for the execution of public policies and decision making that allow the
environmental recovery and sustainability of water courses. The index used was the Interannual Magnitude.

For stations with an incomplete historical series, the data were estimated by correlation (in this work
established for R2 greater than 0.7) through a simple linear regression between stations within the same
geographical area, as recommended by Poff et al. (1997) and Macdonald et al. (2008) (Table 1). For the
calculation of the Specific Flow, the most representative stations in drainage area were selected for the Upper,
Middle and Lower courses of the two basins (ANDRADE, 2014).

Code Place name Geographic Coordi- Municipality Basin / River Drainage area (km®)
nates

63100000 Nova Fatima 2174649 Guaimbe Aguapei 1092
40°48'33

63160000 Bom Retiro Farm 21742752 Luziania Aguapei 3670
S50°17°27

63165000 Rindpolis / Piacaiu 2173907 Rhinopolis Aguapei 6217
S0 3R]4

63170100 Salio Carlos Botelho 212730 Rubiacea Aguapei T668
S 8520

6I1R0000 Valparaiso / Adamantina 21°25°53° Valparaiso Aguapei B643
S1°00°e4

227180

63650000 S, Geraldo neighborhood 50720 « Marilia Peixe T34
227 16700

6IGTON00 Avencas | Oscar Bressani 50°08'52“ Echapord Peixe 1061

227046 -

AIT10000 Quatd Road S0P3R"34 - Tupi Peixe 2883
2] o 44038

632000 Flora Rica ! Emiliz 13 51°26'4] * Flora Rica Peixe 7422
22e4ER

63700000 Narpa S0 3258 Tupd Peixg 2650

Characteristics of fluviometric stations with flow data in the Aguapef and Peixe rivers (UGRHs 20 and 21)

In order to understand the interannual flow variability, the annual averages of the hydrological series of
the stations available for these basins were used, which had been previously studied by Rocha & Andrade
(2012,2015). The stations’ interannual data were tabulated in spreadsheets and graphs of the historical series
were elaborated, using a station in each basin, with the longest series of historical data. The identification of
the periods was done from the visual analysis and then by a comparative statistical test of the means, standard
deviation and coefficient of variation for validation.

The average specific flow rate is determined by the ratio between the mean flow rate in a given measurement
section and the respective drainage area (TUCCI, 2002). According to this author, the tendency is a
reduction of the specific flow upstream to downstream, as the size of the basin and the length of the river
increase.

In this sense, the hydrological zoning from the specific flow can also be used as a technique to improve
the understanding and quality of the hydrological data. Thus, the average specific flow rate to be used in
hydrological zoning is obtained by equation (1):

(1)

Where:

Qe, is the average specific flow in Ls-1.km-2;

Qm, is the average monthly flow converted to Ls-1;

A, is the area of influence in the hydrographic basin in km?.

The data and hydrological zoning obtained were presented through the spatial analysis of the fluviometric
stations used in the study, considering three stretches of the basins, according to the position of the stations
in the upper, middle and lower courses of the main rivers.
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RESULTS AND DISCUSSION

he interannual and seasonal variability of the Aguapei and Peixe rivers and hydrological periods.

The hydrological regime of the two rivers under study can be observed in figure 8 and table 1. There have
been changes in the interannual magnitudes of the two rivers since the beginning of the 1970s, similarly to
the Parand and Paraguay rivers. The differential for the Parana River is that it still shows a flattening of the
maximum and minimum peaks since the beginning of the 1970s, which are attributed to flow control by the
damns upstream (UHEs) that coincidently started operating from this period onwards. The data of the two
basins evidences that they have similar hydrological behaviors.

However, not only two hydrological periods were observed, but at least three, considering the data series
used. A first period until 1972; another between 1972 and 1984; the third from 1985. It is still likely that
this last period or hydrological phase will end in 2001 when a new hydrological period may have begun, but
the data series evaluated do not allow better detailing.

Analyzing the graphs in figure 5 and the data in table 1, we can see that the two rivers have the same
hydrological behavior, corroborating the premise that they belong to the same climatic and hydrological
region in the West of Sao Paulo.

The analysis of the graph results indicates three clearer hydrologic periods (ROCHA & ANDRADE,
2012). The first is characterized by lower magnitudes of the flow and a lower interannual variability. They
have smaller values for the magnitude of the flow, standard deviation and coefficient of variation than the
values of the complete data series.

The second period is characterized by higher flow magnitudes and a greater interannual variability. The
results show higher values of the average flow magnitude, standard deviation and coefficient of variation than
the data of the complete series.

The third period is marked by proximity to the mean values for the previous period, but with a lower
variance. The mean flow values were also higher than the mean of the complete series, but with lower values of
standard deviation and coefficient of variation. In this period, the lowest values of the coefhicient of variation
were observed, considering the complete historical series and the individual periods.
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FIGURE 8

Graphs showing the variability of the annual mean flows and hydrological
periods identified in two representative stations of the basins of the Aguapei

(A) and Peixe (B) rivers. Source: ROCHA AND ANDRADE (2012).

Thus, in terms of flow variability, the standard deviations and coefficients of variation calculated indicate
that the interannual variability of the flow had a much greater intensity in the second hydrological period,
which covers 1972-1984 (table 2).

Regarding the seasonal variations, these have higher values in the last two periods observed (1972-1984,
1985-2004). The mean monthly variability was similar between the second and third periods. Seasonal mean
flow values were lower in the first period than in the others for all the stations evaluated in the two rivers. Like
the interannual data, the seasonal behavior in the two basins is similar, which corroborates the understanding
that the two basins belong to a homogeneous region in terms of physical and environmental environment.
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Aguapei River 63100000 63160000 63165000 63170100 63180000
Om 1948-1971 77 2511 4182 51{68%) 54497
Qm 1572-1984 12.71 41.62 71.37 £6.96 95.38
Qm 1985-2004 1156 38.78 65.90 77.60 8292
o 1948-1971 20 6.26 9.35 11.24 2366
o 1972-1984 4.84 13.42 20.25 02/23 30.85
o 1985-2004 2.6 .16 11.42 12.84 20.73
CV 15948-1971 2798 2494 2178 4117 23.66
CV 1972-1984 38.09 3225 28, 37 2447 30.85
1985-2004 CV 244 18.46 17.33 2742 20.73
Peixe River 6IGSD000 63670000 63710000 63700000 63810000
Qm 1548-1971 6.15 1180 24.66 21:52 66.37
Qm 1972-1984 2.71 15.29 39.52 3201 98.89
Om 1985-2004 898 12.32 3228 28,26 80.26
o 1948-1971 1.46 162 6.22 50 9.67
o 1972-1984 340 478 12.09 1.0 18.93
o 1985-2004 233 .50 6.39 4.03 10,18
CV 1948-1971 23.67 .17 25.20 2329 17.05
CV 1972-1984 3498 ) e} 30,6 3428 2368
1985-2004 CV 25.99 20.28 19.8 1426 14.52
TABLE 2

Statistical parameters applied to the data series of the fluviometric stations evaluated
in the basins of the Aguapei and Peixe rivers. The data obtained from the values of the
annual average of historical series between the decades of 1940 and 2004. Qm (average

annual flows, m®.s-1); SD (standard deviation of the series); CV (coefficient of variation

in%). Hydrological periods identified: 1 (1947-1971), 2 (1972-1984), 3 (1985-2004).

It can also be observed that the second period (1972-1984) had a greater irregularity in the seasonality of
the flow, especially in the dry season, as shown in figure 9.
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FIGURE 9
Statistics of seasonal variations along the historical series and hydrological periods identified.

1,2 and 3 are the periods referred to in the table 1 statement. A) basin of the Aguapef river
(63160000); B) Peixe river basin (63710000). Source: ROCHA AND ANDRADE (2012).

When comparing the periods 1941/1970 and 1971/1993, Sant’Anna Neto (2000) observed a trend of
increased rainfall in the State of Sao Paulo, of approximately 10% in the second period, concentrated in the
limits of the Parana basin. A small increase in rainfall values and seasonal rainfall change was observed in the
region of Presidente Prudente-SP, in the West of Sao Paulo, from the 1970s.

Even considering the possibility of an average increase in rainfall in the Parand basin, this fact alone may
not explain the set of changes that occurred in the hydrological regime of the rivers, as in the case of the Parand
River over the last century, demonstrated by Rocha (2010). However, if this possibility is true, it may be that
the changes related to the magnitude of the fluviometric indices are partially in line with this tendency and
are added to the effects of the use and occupation of the slopes, causing changes in the hydrological regime
of the rivers of the West.

Changes in the intensity and seasonality of rains observed by Rocha & Tommaselli (2012) are also related
to the above-mentioned hydrological periods. The authors noted that summers became more humid and the
wettest month shifted from December-January to February-March over the decades. On the other hand,
they observed an intensification of the dry period, also with the shift of the driest months to the winter and
spring, which had previously been more humid. Other data associated with the atmospheric dynamics in
the southern hemisphere also point to the alternation of wetter and drier cycles (associated with hotter and
colder periods, respectively), as pointed out by Molion (2008) based on the Pacific Decadal Oscillation).
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The average specific flow (Qe) in the basins of the Aguapei and Peixe river

Using the statistical relationships obtained between the Average Flow and the Drainage Area in different
segments of the Drainage Basins under study, it was possible to identify how the spatial relationship
was established along the historical series and considering the observed hydrological periods. Thus, using
statistical relationships and model equations by hydrographic basin, the application in Figure 10 shows
significant differences in the specific water availability between the hydrological periods. It is noted that in
the first hydrological period the estimated flow values were well below those of the second and third periods
for the different sizes of the drainage area (Figure 10). On the other hand, there are similarities in the behavior

between the two drainage basins.

P_!.j BACIA DO RIO AGUAFEI wmeand

Area (km®) 1per 2per 3per

1 0.01 0.01 0.02

10 007 013 0.16

100 0.66 1.22 1.38
1000 665 11/69 1168
3,000 19.96 3440 32,39
6000 39.95 67.96 61.63
10,000 66.61 112.25 99.02
15000 9996 167.17 144.26

B) BACIA DO RIO DO PEIXE Q meédia

Area (km?) 1per 2per 3per

1 0.01 0.02 0.01

10 011 015 0.08

100 1,00 1.41 0.89
1000 925 13.51 10.16
3,000 26.68 39.74 32.41
&000 52.08 78.49 67.38
10,000 85.25 12963 115.57
15000 126,05 193.02 177.34

FIGURE 10

Estimated flow data and regression equations for the Aguapei and Peixe river basins

in the identified hydrological periods. Source: Adapted from ANDRADE (2011)

Consideringeach of the hydrological periods identified, the results point to a significant increase in the Qe
in the second period (1972-1984), and in the third period (1985-2004) the values remained close, but a little
lower (Table 3, Figure 10-A). However, there was a gradual decrease in the variability of Qe over the periods,
indicating a better spatial adjustment in the Qe. These data indicate that there was a greater homogeneity
of values between basin stations, as the hydrological periods occurred (Table 3, Figure 10-B). This shows a
better adjustment between the Qe and the area of the stations over time (figure 10).

In terms of average variation by sector, the largest variations of Qe values were observed in the stations of
the lower course, between the first and second and between the second and third hydrological periods.
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Drainage Area (km?) Hydrological periods
Qe 1947-1971 Qe 1972-1984 Qe 1985-2004
734 B.38 13.23 12.23
1061 11.12 14,41 11.61
Upper Course 1092 6.57 11.64 10.59
2650 812 12/08 10.66
2883 8.55 13.71 11.20
Middle Course 3670 6.54 1134 10.57
6217 6.90 11:48 AM 10,60
7422 8,94 13-32 10.81
7660 6.78 11.54 10.13
Lower Course 8643 ) 6.36 11.04 9.59
Station Averages 7.86 12.38 10.80-
DF dist. space 148 .18 0.74
CV dist. space I8.8 9.5 6.9

SD: Standard Deviation; CV: Coeficient of Variation

Table 3

Average specific flow (Qe) calculated according to hydrological periods
in the basins of the Aguapef and Peixe rivers (Qe in Ls-1.km-2).

According to Tucci (2002), there is a tendency of a reduction in the specific flow from upstream to
downstream, depending on the size of the basin and the length of the river.

The smallest spatial differences were observed between High, Middle and Lower course in the basins
between the first and third periods. This situation allows the inference that the spatial differences in the
Qe between the High, Middle and Lower river sectors decreased in the space from the first to the second
hydrological period, with a higher water volume in the system. In absolute terms, the largest variations
in the Qe occurred in the high-water sector in the Aguapei river basin (63100000) between the second
and the first period and between the third and second hydrological periods, indicating a more intense
response to variations in the volume of water available to river flow. In general, there is still a greater
homogeneity between the spatial sectors in the third hydrological period, in relation to the others, and a
greater heterogeneity in the first hydrological period (Figure 10-B).
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FIGURE 11
Graphical representation of the temporal and spatial variation of the average specific
flow in the basins of the Aguapei and Peixe rivers. Source: Rocha & Andrade (2015).

FINAL CONSIDERATIONS

In this study it is possible to observe the existence of different hydrological periods produced by the natural
climatic variability, with a duration of about 10 to 20 years in each period, corroborating the results of
previous researches in the region, which indicate the existence of several hydrological periods throughout the
last century and the beginning of the present one. This study also corroborates the affirmation of previous
studies in the catchment area of the Upper Parand River regarding the increase of river flows from the 1970s.

The identification of changes in the natural flow regime can be an efficient tool in the decision making
regarding strategies to mitigate the impacts on the adjacent (eco) systems. It is also important in the
identification of the patterns of climatic variability and relationships with the processes triggered on the
slopes (use and occupation) or in the hydrographic network itself (such as in hydroelectric operations and
public supply).

In general, the two drainage basins had very similar behavior, which reaffirms the idea that they are in a
homogeneous physical and environmental region, leading them to behave in a similar manner.

The results reveal changes in the spatial patterns of Qe. The stations located in the upper courses of the
basins had more variable data in the three hydrological periods, which was expected. As for the temporal
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patterns, the first period had a greater variability in the values between the high, middle and lower courses.
There was a gradual increase in the homogeneity of the values between the basin stations, as the hydrological
periods happened.

The interannual changes in the hydrological regime of the rivers are reflected by two components: 1)
rainfall variability (climatic), as a natural process in the time scale evaluated; 2) anthropic interference
altering the land cover, with the processes of deforestation and implementation of several cycles of crops and
livestock over time, qualitatively and quantitatively modifying the hydrological relation at the rainfall - river
flow interface. The data are not conclusive for a statement on climate change.

In the specific case of the west of Sao Paulo, coffee / cotton, pasture and sugar cane cycles may have
influenced the patterns of variation and characterization of the hydrological periods observed and deserve a
more detailed approach in the future.

The increase of specific water production in certain hydrological periods can intensify the laminar and
linear erosive processes, which can be a problem for areas with inadequate land management.

The results also reveal that, under intense demand, the existence of hydrologic periods with more or less
surface water availability should be considered in legal procedures for water grants. Such considerations may
prevent potential conflicts. There is a need for a study of an efficient methodology to predict hydrological
periods of less water availability and legally determined strategies of action.

The first step in the right direction for water resource planning is to incorporate studies (understanding)
of river flow regimes and their changes into management strategies and to recognize that change may be
imposed on river flow by human actions and result in problems of public supply and sanitation, in addition
to intense geomorphic and ecological changes in these systems.
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