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ABSTRACT

Water reservoirs, in general, have been considered to be the major cause of reduction of
downstream hydrological connectivity in channels. Therefore, this study analyzed the
sensitivity of hydrological connectivity in the Ords Reservoir hydrographic basin by using the
ResNet model, designed to simulate the processes involved in fluvial hydrological connectivity
in environments with a high density of reservoirs. The analysis of hydrological connectivity
was performed with the model ResNetM, which simulated hydrological processes and
considered hydrological connectivity between the reservoirs, according to the criteria
established in this research. To identify the main elements that affect hydrological connectivity,
sensitivity analysis (SI) was performed of some input parameters of the model. The sensitivity
analysis indicated that the modification of the topology of the reservoir network was the
variable that presented the highest sensitivity to hydrological connectivity, with a sensitivity
value of 1.07, followed by the runoff coefficient, which obtained a sensitivity of 0.8. The
modification of the rainfall and of the reservoir storage capacity, showed an intermediate
sensitivity, with values of 0.46 and 0.45, respectively. On the other hand, the parameters of
potential evaporation and transmission loss showed the lowest sensitivity, obtaining values of
0.19 and 0.01, respectively. In conclusion, the runoff coefficient and the reservoir network
(change in the reservoir number of the network) were the parameters evaluated with the highest
sensitivity of hydrological connectivity. Thus, the alteration of the landscape by man provides
significant changes in river navigation between the reservoirs in the basin.

Keywords: climate changes, hydrological modeling, sensitivity analysis.

Sensibilidade da conectividade hidroldégica em uma bacia semiarida
com uma rede de alta densidade de reservatorios

RESUMO
Os reservatorios de agua, em geral, tém sido considerados a principal causa de reducédo da
conectividade hidrolégica a jusante nos canais. Portanto, este estudo tem como objetivo analisar
a sensibilidade da conectividade hidroldgica na bacia hidrografica do reservatorio de Ords,
utilizando o modelo ResNet, desenvolvido para simular os processos envolvidos na
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conectividade hidrologica fluvial em ambientes com alta densidade de reservatorios. A anélise
da conectividade hidrologica foi realizada com o0 modelo ResNetM, que simulou processos
hidroldgicos e considerou a conectividade hidrologica entre os reservatorios, de acordo com 0s
critérios estabelecidos nesta pesquisa. Para identificar os principais elementos que afetam a
conectividade hidroldgica, foi realizada a anélise de sensibilidade (SI) de alguns parametros de
entrada do modelo. A anélise de sensibilidade indicou que a modificacdo da topologia da rede
de reservatdrios foi a variavel que apresentou maior sensibilidade a conectividade hidroldgica,
com um valor de sensibilidade de 1,07, seguido do coeficiente de escoamento, que obteve uma
sensibilidade de 0,8. A modificacdo da precipitacdo pluviométrica e da capacidade de
armazenamento do reservatorio mostrou uma sensibilidade intermediaria, com valores de 0,46
e 0,45, respectivamente. Por outro lado, os pardmetros de potencial evaporagdo e perda de
transmissdo, apresentaram a menor sensibilidade, obtendo valores de 0,19 e 0,01,
respectivamente. Conclui-se que o coeficiente de escoamento e a rede de reservatorios
(mudanca no numero do reservatorio da rede) foram os parametros avaliados com a maior
sensibilidade de conectividade hidrologica. Assim, a alteracdo da paisagem pelo homem,
proporciona mudancas significativas na navegacdo fluvial entre os reservatérios da bacia.

Palavras-chave: analise de sensibilidade, modelagem hidroldgica, mudancas climaticas.
1. INTRODUCTION

In the northeast region of Brazil, classified as a semi-arid region, the construction of
reservoirs has been the main decision adopted by water resource managers and by the civil
population in order to try to solve the problem of water scarcity in the region over time
(Malveira et al., 2012; Toledo et al., 2014). On average, there is one severe drought every
decade, which sometimes lasts for many years (Aradjo and Bronstert, 2015) - for example, from
2012 to 2015 (Marengo et al., 2017). This reservoir construction policy often occurs without
any control or use of technical-scientific knowledge. As a result, a “high-density reservoir
network” is produced, with predominantly small- and medium-sized reservoirs, which turns out
to be a complex system to manage (Aradjo and Piedra, 2009).

Reservoirs have been considered to be the major cause of changes to water flow dynamics
in water bodies, thus provoking disruption of hydrological connectivity. Hydrological
connectivity in channels or rivers has been evaluated by analysis of water flow continuity in
their riverbeds. For this purpose, a minimum flow rate index is used to characterize such
hydrological connectivity (Brozovic et al., 2011; Fryirs, 2012; Ldpez-Vicente et al., 2013;
Garbin et al., 2019). This flow can be measured by fluviometric methods, by injection dilution
gauging (Burke, 2009) and also by simulations in hydrological models (D6ll et al., 2003;
Hanasaki et al., 2010; Malveira et al., 2012; Sun et al., 2015). Lane et al. (2009) highlight that
hydrological models have a very important role in hydrological connectivity, as they enable
temporal variation and structural connectivity to be checked.

A hydrological model can be defined as a tool of mathematical representation of water
flow rate and its interactions with the atmosphere and the terrestrial surface; in other words,
representation of hydrological processes that occur in a water basin. This mathematical
representation uses a series of parameters, which simulate the characteristics of the environment
and modeled physical processes; often, it requires previous calibration and/or sensitivity
analysis of these parameters. (Yang et al., 2015; Silva et al., 2015).

Sensitivity analysis enables the identification and definition of the input elements of a
model that cause the greatest disturbance in the performance of the output results, that is, how
much the output values are affected by changes in input values (Loucks and Van Beek, 2005).
Sensitivity analysis helps users to define which elements should be estimated with more
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precision or accuracy, because these are of great relevance for the processes being evaluated.
Kruk et al. (2009) noted that knowledge of the sensitivity of the elements of a hydrological
model is extremely important to direct field research and to select parameters for future
research.

In this context, the general objective of the present study was to perform sensitivity
analysis of hydrological connectivity in the water basin of Ords Reservoir by using the ResNet
model, designed to simulate the processes involved in fluvial hydrological connectivity in
environments with a high density of reservoirs.

2. MATERIALS AND METHODS

The study area is the Ords Reservoir Basin, which is nestled at the Alto Jaguaribe Basin
(BAJ). The basin is located in the southeast portion of the State of Ceara, in 24 South zone,
between the 292000 and 508300 m abscissas, and the 9180000 and 9409000 m ordinates, of the
rectangular plane UTM for datum WGS — 1984. It has a drainage area of 24211 km?, which
corresponds to 97% of BAJ and 16% of the State of Ceard, approximately. The climate of the
basin, according to Kdppen classification, is Bsh, characterized as a steppe’s climate, with an
average annual temperature of 28°C. Annual precipitation ranges between 500 and 1000 mm,
with an average of 751 mm. It occurs mostly from January to May, with marked irregularity in
time and space. Annual potential evaporation in the study area is in the order of 2200 mm.
Geologically, it is formed mainly by Precambrian crystalline basement rocks (81% of its
territory) and, on a smaller scale, by sedimentary deposits (19%).

The dominant superficial runoff is Hortonian, which generates from 10 to 70 mm annually.
The typical superficial runoff coefficient ranges from 5 to 12%. The main water source of Ords
Reservoir Basin is based on the reservoirs spread out in the basin. Toledo et al. (2014), based
on satellite images, identified 4717 public and private reservoirs in the basin in 2011 (Figure
1), with a total water storage capacity of 3646 hms3. Eighteen reservoirs of this High-density
Reservoir Networks (HARN) are considered to be strategic for water resource management of
the basin; they are monitored by the Companhia de Gestdo dos Recursos Hidricos do Estado do
Ceard (COGERH) (Water Resources Management Company of the State of Ceard).
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Figure 1. Localization and spatial distribution of the 4717 identified
reservoirs, in 2011, in the hydrographic basin of Orés dam (BHAO).
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The hydrological model chosen for the present study was the Reservoir Network Model —
ResNetM, designed by the study group Grupo de Estudos Hidrosedimentoldgico do Semiarido
— Hidrosed, to simulate the hydrological processes and enable the study of hydrological
connectivity in the semiarid environment, while approaching a simplified water balance for
each reservoir. The model has the advantage of requiring few input data and low processing
time, even when considering the thousands of reservoirs in the basin. This enables intensive
studies of its parameters, e.g., sensitivity analysis (Peter et al., 2014).

In the ResNetM model, the dense reservoir network is simulated as a tree, while respecting
the location of each reservoir. In this tree, the reservoirs are the vertices or nodes and the
connections between them are the branches, with a focus on complex network theory. The
reservoirs located at the extremity show only one downstream reservoir and the other
“intermediary” reservoirs are spread in the basin; there may be many upstream reservoirs, but
only one downstream reservoir. The branches correspond to the draining networks of the basin,
which connect the reservoirs. Their direction is determined according to the topography of the
terrain, and for this reason, it does not enable the formation of cycles between vertices or
reservoirs.

The model begins the interaction between the reservoirs by computing the superficial
runoff generated in the sub-basin of each reservoir. Then, the resulting runoff is transferred to
the reservoir, where water balance is performed. The flow generation and water balance system
begins by the most upstream reservoirs of the network; the flow is transferred in the form of
cascades between the sub-basins to the most-downstream reservoir, namely, the Ords
Reservoir, considered to be the output vertex of the system, when there is no other downstream
reservoir.

The hydrological connectivity of the reservoirs is characterized by the presence of a fluvial
flow throughout the whole path of the river between the reservoir and the downstream mouth,
whether it is a mouth, a river (affluence), or a new reservoir. In order to possibly acknowledge
that the reach was connected, the flow rate could not be lower than a minimum reference flow
rate (Speir et al., 2016). A minimum reference flow rate of 1.0 L s is adopted, according to
Art. 62, subsection 111, of Resolution 707/2004 from National Water Agency - ANA. Therefore,
whenever the flow rate in the upstream reservoir and in the mouth of the reach exceeded
1 L s, hydrological connectivity of the reach was acknowledged.

Once the hydrological connectivity criteria have been established, the ResNet model can
check the Hydrological Connectivity Indicator (HCI) which occurred in the basin. The HCI is
estimated by the ratio between the quantity of connected reservoirs (number of hydrologically
connected reaches — NHCR) and the product of the total number of reaches in the basin and the
number of days of the simulation (Equation 1).

NHCR
HCI =
TN X ND

1)
Where:

NHCR is the total number of hydrologically connected reaches (-); TN is the total number
of reaches in the basin (-) and ND is the number of simulated days (days).

The input parameters considered in the sensitivity analysis of the ResNetM model were
rainfall (P), potential evaporation (Ep), superficial runoff coefficient (CR), transmission loss
coefficient (K), storage capacity of the reservoirs (CA) and reservoir network (Rn). The
evaluated output variable was the Hydrological Connectivity Indicator (HCI).

The sensitivity of each parameter was estimated by the Sensitivity Index of Nearing et al.
(1990) (Equation 2), which represents the normalized change generated in the output to a
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normalized change in data input. In this way, the furthest from zero IS is, the more sensitive the
model is for the input parameter, regardless of whether this value is positive or negative.

IS = (Outmax—Outmm) / (Intmax—lntmin) (2)
Outmed Intmed
Where:

IS is the sensitivity index of the input parameters; Intmax and Intmin are the maximum and
minimum values used in the variation of the input parameter; Outmax and Outmin are the output
values for Intmax and Intmin, respectively; Intmes and Outmeq are the averages of input and output
values, respectively.

In order to make changes to the values of input parameters, scenarios were created to
describe possible alterations that can occur at a particular time in the system. Therefore, each
alteration in the input parameter values of the model gave rise to a scenario (Ceteris Paribus
principle), which was simulated with the same time period of the current system of the basin
(1991 to 2011). These alterations have the following characteristics, the reference rainfall height
was reduced by 5, 10, 15, 20, 25, 30, 35, 40, 45 and 50%, and also increased by 5, 10, 15 and
20%. These values were based on studies which evaluated the effects of climate change in
rainfall until 2100 in Brazilian Semiarid (Krol et al., 2011). The potential evaporation of the
scenarios were set up to increase the Ep reference value by 1, 5, 7, 10 and 15%; these values
were based on Krol et al. (2011). Although there was a lack of scientific evidence for a possible
decrease of Ep in the region, a reduction in Ep values was simulated in the same proportions of
the increase (-1, -5, -7, -10 and -15%), thus generating another 10 scenarios.

e Runoff Coefficient (RC): in the variation of RC, the scenarios were arranged by
multiplying the specific RC reference values from the 18 sub-basins of the strategic
reservoirs by the factors of 0.10; 0.25; 0.50; 0.75; 1.25; 1.50; 1.75 and 2.00, which
represent the possible changes in the landscape from soil use and occupation.

e Transmission Loss Coefficient (k): changes in the reference value of transmission loss
were made multiplying the K reference value by the factors of 0.10, 0.25, 0.50, 0.75, 1.25,
1.50, 1.75 and 2.00, in order to simulate a possible variation in water abstraction from
rivers, as a result of anthropic factors and/or predicted climate changes for the region in
this millennium (Krol et al., 2011);

e Reservoir storage capacity (Ca): simulated by varying +5, +25, +50, +75, +100, -5, -25,
-50 and -70%. As a result, the strategic reservoirs did not suffer variations in their storage
capacity;

e Reservoir Network (Rn): sensitivity of hydrological connectivity to the presence of
thousands of reservoirs was calculated by modifying the reservoir network topology. The
reservoirs from Class 1 (< 0.1 hm?), Class 2 (0.1 — 1 hm®) and Class 3 (1 — 3 hm®) were
gradually excluded from the network, and three “artificial” networks were generated,
namely, Rnl, Rn12 and Rn123, respectively.

To evaluate the behavior of the scenarios and determine the effect of the dense reservoir
network on hydrological connectivity, investigations were made regarding the ratio between
the HCI of the scenarios and the total volume stored in the basin, as well as the volume stored
in the Ords Reservoir.

3. RESULTS AND DISCUSSION

Sensitivity analysis (Sensitivity Index — Sl, Table 1) of the hydrological connectivity
demonstrated high sensitivity (SI > 0.80) to variation in the reservoir network (SI = 1.07) and
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to runoff coefficient (SI = 0.84) and moderate sensitivity (SI = 0.40 to 0.80) to variation in
storage capacity of non-strategic reservoirs (SI = 0.45) and rainfall alteration (SI = 0.46).
However, hydrological connectivity in Ords Reservoir Basin has low sensitivity to potential
evaporation (SI = 0.19) in the reservoirs and even lower to transmission loss in rivers and
streams (SI = 0.003).

Table 1. Sensitivity Index (SI) of hydrological connectivity for the main input parameters of
ResNetM model.

Interval of values

Input parameter Reference input value
Input ICH (%)

Rainfall (mm) 1.88 094-197 494-7.25 0.46
Potential evaporation (mm month) 207.8 176.6-209.9 7.03-6.57 0.19
Runoff coefficient (-) 0.03 0.003-0.06 2.17-820 0.84
Transmission loss (km™) 0.027 0-0.054 6.79-6.76 0.01
Reservoir storage capacity (hm?q) 0.73 0.18-146 8.69-5.48 0.45
Reservoir network (-) 4717 53 - 650 4.00-5.84 1.07

The variations of parameters k and P resulted in alteration of HCI in a “stable” rhythm,
resulting in a linear tendency (Figure 2), in which a low slope refers to the axis of abscissas.
The low sensitivity of hydrological connectivity to evaporation (Ep) can be explained by the
period in which the highest HCI values occurred, in the rainy season of the basin. Consequently,
in the rainy season, the atmospheric abstractions decrease and thereby volumetric losses in the
reservoirs are small, hence not enough to significantly affect the HCI of the basin. In the case
of transmission loss (k), the low sensitivity of hydrological connectivity is due to the short
extension of the reaches. The thousands of reservoirs present in the basin break the draining
network in short reaches (average size of 1.89 km), and consequently, water losses in these
reaches become small: on average 5.1% of fluvial flow rate.

Initially, it was thought that amongst the “natural” elements, rainfall would promote the
largest variations in the HCI of Or6s Reservoir Basin. However, this moderate influence of
rainfall over hydrological connectivity can be explained by the type of modification performed
in rainfall. Rainfall variations altered the height captured directly by the reservoirs and the
runoff volume in sub-basins, yet it did not influence the number of days with rainfall, and it
modified the runoff coefficient to an even lesser degree. This coefficient varies according to the
presence of previous rainfall, regardless of height.

It is believed that high sensitivity of hydrological connectivity to variation in runoff
coefficient (CR) is linked to the process of (Hortonian) runoff generation in the region. In the
process of Hortonian runoff, rainfall intensity must surpass infiltration capacity for runoff to
occur. In long hillslopes, the runoff generated upstream can re-infiltrate (Medeiros et al., 2010;
Safeeq and Fares, 2012). It has already been seen in other studies that the average annual
rainfall below the average indicates conditions of low hydrological connectivity when
compared to the average and temporarily well distributed rain years (Fryirs, 2012). Since
connectivity is understood as the transfer of matter between two distinct topographical points,
the identification of the connectivity patterns in a river basin allows the investigation of the
cumulative impacts of small reservoirs of water resources (Lopes and Pinheiro, 2015).

In this way, soil infiltration capacity, represented inversely by the runoff coefficient (CR),
becomes determinant in the process of superficial runoff re-infiltration, thus influencing
directly the flow that reaches the draining network and, consequently, the hydrological
connectivity of the basin. For example, when the CR parameter was increased by 50%, the
possibility of superficial runoff re-infiltration decreases. The repercussions of such lower re-
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infiltration was that the runoff volume which reached the draining network increased and,
consequently, the HCI value was 13% higher than the reference HCI. When the CR was reduced
in the same magnitude (-50%), the probability for the superficial runoff to re-infiltrate
increased, thus reducing the runoff volume, and the HCI decreased by 29%, when compared
with the reference value. That can be influenced by several factors; a study conducted by
Rodrigues et al. (2013), observed changes in surface runoff as a consequence of the partial
removal of vegetation by thinning; while in other events the average leaflet depth was higher
in the preserved micro basin. Those results revealed that the practice of caatinga thinning
presented modifications, presented values of drained slides inferior to those of the preserved
micro basin; it was verified, however, that the maximum discharges in the thinned micro basin
were superior to those of the preserved basin.
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Figure 2. Values of hydrological connectivity index (ICH) obtained in BHAO, as a function
of input parameters variation from ResNetM model for the period of 2001 to 2011.

In the case of variation in the reservoir network topology, the high sensitivity of
hydrological connectivity confirms that anthropic intervention in the environment has been
significantly interfering in the fluvial flow regime of a basin. As simulated, after removal of
thousands of small- and medium-sized reservoirs of the reservoir-dense network of Ords
Reservoir Basin, the HCI was significantly reduced (41% compared with the reference HCI).
This indicates that the small- and medium reservoirs, even in the presence of minor fluvial
floods, are capable of producing an effluent flow (sangria) enough to overcome the transmission
losses (small reaches) and connect with the downstream reservoir. However, without the
thousands of reservoirs, the minor floods normally are not capable of generating hydrological
connectivity between the reservoirs.

The prominent roles of rainfall, reservoir network topology and superficial runoff
propertles over hydrological connectivity have been addressed in other hydrological studies as
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well as in ecological ones (Callow and Smettem, 2009; Hall et al., 2012; Long and Pavelsky,
2013). Bracken and Croke (2007) found that, in the scale of a hydrographic basin in semiarid
areas, hydrological connectivity usually requires high intensity rainfall uniformly distributed
throughout the basin, while slope connectivity can be initiated by short-lasting rainfall, or by
less intense events. However, the authors have warned that each hydrographic basin has a
spatial base pattern in terms of hydrological connectivity, which depends, primarily, on the
runoff generating areas and on the rainfall-runoff relation.

In regard of the influence of the dense-reservoir network topology, Jackson and Pringle
(2010) argue that the thousands of small reservoirs alter the hydrological connectivity of
terrestrial landscape in innumerable ways. They hold from 81 to 98% of sediments and nutrients
that are affluent to these reservoirs; they block or prevent the longitudinal movements of aquatic
organisms; they transform lotic habitats into lentic habitats; and they alter the temporal series
of downstream flows.

In regard of superficial runoff, Bracken and Croke (2007) point out that, in semiarid and
arid environments, hydrological connectivity occurs differently compared with humid and
temperate areas because Hortonian is the most common type of runoff. As a general rule,
hydrological connectivity in semiarid and arid environments is harder to achieve and occurs
less frequently than in temperate and humid areas. This difference in hydrological connectivity
between dry and temperate/humid areas is due to many factors, for example, precedent
conditions of soil humidity.

A good correlation (R? = 0.74) was found after an analysis of the relation between the
volume of water stored in the basin and the HCI (Figure 3). One can notice that, when modifying
the HCI, the volume stored in the basin follows the same tendency; that is, when the HCI
decreased, the volume stored in the basin decreased as well; when the HCI increased, the stored
volume increased. However, when the HCI is lower than 5.5%, the volume stored in the basin
reduces more rapidly. This shows that the volume stored in Ords Reservoir Basin is more
sensitive (S1=1.83) to a reduction of the reference HCI than to an increase (S1=0.26). The results
confirmed that hydrological connectivity can be a good indicator of water availability in
semiarid hydrographic basins.

An evaluation of the influence of HCI variation over the behavior of the volume stored in
Ords Reservoir, showed that the influence of natural elements is different from the influence of
anthropic elements (Figure 3 A and B). The reduction in HCI caused by one of the natural
elements being analyzed - for example, superficial runoff (CR) or rainfall (P) - would cause a
significant reduction in the volume stored in Oros reservoir (S1=1.45). In other words, there
would be lower water availability in the reservoir.

The reduction or increase of HCI caused by changes to one of the anthropic elements being
analyzed, that is, the increase or reduction in storage capacity of the reservoirs or alteration in
the reservoir network topology, did not entail expressive changes in the stored volume of Ords
Reservoir, yielding a sensitivity index (SI) of only 0.21. For example, by doubling the storage
capacity of non-strategic reservoirs, the HCI decreased by 20% (HCI = 5.5%), and the stored
volume in Orés Reservoir would be reduced by only 1.3%, when compared with the reference
volume (1520 hm3), thus resulting in a sensitivity index (SI) of only 0.06.

Thereby, if the storage capacity of small and medium reservoirs spread out in Oros
Reservoir Basin increased by 100%, the volume retained by them would not significantly affect
the volume stored in Oros Reservoir. Or yet, if the 4664 reservoirs were removed, thus forming,
the reservoir network denominated Rn123, the HCI would fall to 4% (59% less). However, the
stored volume in Ords Reservoir would increase to 280 hms3. This increase is considered to be
very small (1S=0.09), because the direct catchment area of Or6s Reservoir would increase from
996 km2 to 12340 km? after the removal of these thousands of reservoirs (Figure 4).
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Figure 3. Highlighted: Relation between the Hydrological Connectivity Index (ICH) with the stored
volume in the hydrographic basin of Or6s dam (BHAO), according to the simulation of the scenarios in
the ResNetM model, for the period of 1991 to 2011. In figures A and B: Relation between the
hydrological connectivity index (ICH) and the volume stored in Or6s dam, according to the variation of
the natural (A) and anthropic (B) elements of major relevance for the hydrological connectivity of
BHAO.
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Figure 4. Relation between the direct catchment area and the average stored volume of Or6s dam,
obtained in the simulation of the current BHAO System and of the reservoir network variation (Ra).

The low influence of the HCI, calculated by changing the reservoir dense network topology
over the stored volume in Oros Reservoir, was a surprising result. However, this is evidence
that the volume of Or6s Reservoir has low sensitivity to the presence or absence of the
thousands of small- and medium-sized reservoirs built upstream over the years (SI = 0.12).
Thus, one can affirm that the spatial distribution of water performed by the high-density
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reservoir network (HARN) of Ords Reservoir Basin has not been causing any significantly
negative impact over the stored volume and, consequently, over the water availability of Ords
Reservoir, if the superficial runoff and rainfall conditions inside the basin do not decrease.

The expansion of water-resource development has been a threat to the natural flow regime
and the ecological integrity of rivers and streams in the Brazilian semi-arid region. Efforts to
manage and conserve the natural flow regime of these systems is hampered by limited scientific
information on processes that lead to high natural variability in the water flow regime (Maltchik
and; Medeiros, 2006; Santos et al., 2017). Although there is a consensus that the main impacts
of reservoirs are a decrease in river discharges, peak flows due to water abstraction from
reservoirs and water loss, impacts on low river flow may vary from basin to basin due to many
types of reservoirs and their different uses, a factor that makes it difficult to anticipate the
estimation of hydrological connectivity even using several types of indicators (Habets et al.,
2018). However, there is still a lack of data on the flows of these waterways, which increases
the need to apply hydrological models to this estimation; studies being developed in this
estimation are important to carry out this management (Maltchik and Medeiros, 2006; Santos
etal., 2017).

4. CONCLUSIONS

Based on the analyses performed in the present study, it can be concluded that the runoff
coefficient and the reservoir network (change in the reservoir number of the network), were the
parameters evaluated with the highest sensitivity of hydrological connectivity. Thus, the
alteration of the landscape by man provides significant changes in river navigation between
reservoirs in the basin. In the case of the topology of the reservoir network, the presence of
thousands of small- and medium reservoirs is not broken, keeping the reservoir network
connected even during small river floods.

The reduction of the reservoir network also provides a reduction in the hydrological
connectivity of the basin; it also provides a reduction of spatial availability of water inside the
basin, besides not significantly altering the inflow to the strategic reservoir of the basin, the
Ords Reservoir, considered the main discharging body of the basin in this work.
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