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Abstract: Choosing a model that suitably represents the characteristics of a watershed to simulate
low flows is crucial, especially in watersheds whose main source of baseflow generation depends
on groundwater storage and release. The goal of this investigation is to study the performance and
representativeness of storage-release process modeling, considering aspects such as the topography
and geology of the modeled watershed through regional sensitivity analysis, in order to improve
low-flow prediction. To this end, four groundwater storage-release structures in various watersheds
with different geological (fractured and sedimentary rock) and topographic domains (steep and gentle
slopes) were analyzed. The results suggest that the two-reservoir structure with three runoff responses
is suitable (better) for simulating low flows in watersheds with fractured geological characteristics
and rugged or steep topography. The results also indicate that a one-reservoir model can be adequate
for predicting low flows in watersheds with a sedimentary influence or flat topography.
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1. Introduction

Hydrological models are a suitable tool for estimating water availability [1] and an effective tool
for studying different hydrological processes at watershed scales such as precipitation, infiltration or
groundwater storage-release. There are different types of hydrological models, including (i) conceptual
and (ii) physical-based models. Conceptual models aim to reproduce processes through simple
structures with parameters that conceptually represent a process (see Xu and Singh [2]; Chiew [3]).
Meanwhile, physical-based models include the physical behavior of processes that occur in a watershed
and use equations based on scientific principles based on known physical laws [4]. Physical-based
models have the advantage of representing or modeling a watershed in a distributed manner, calculating
the complete water balance of a watershed through physical equations and parameters that can be
measured in the field. However, these models require a large quantity of information (data) that is often
unavailable or difficult to measure [5]. Meanwhile, conceptual models have the advantage of requiring
a lower quantity of input data (e.g., precipitation, temperature), but generate a simplified representation
of the physical processes that occur in a watershed. Nonetheless, various recent investigations have
shown that conceptual models can provide reliable models (e.g., Skaugen et al. [6]; Toledo et al. [7];
Muñoz et al. [8]; Parra et al. [9]); therefore, a conceptual model is a reliable alternative for studying
hydrological processes in watersheds with limited hydrological information.
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The study of hydrological processes is essential to understand the behavior of the basins. Among
the hydrological processes, the groundwater storage-release process has been studied for quite
some time due to its importance in baseflow generation in low-flow periods (see Wittenberg, [10];
Fenicia et al. [11]; Botter et al. [12]; Stoelzle et al. [13]). In conceptual hydrological models, the
representation of the groundwater storage process is achieved using sub-models that consist of one
or several reservoirs with a storage-discharge function (equation) [13], with the storage-discharge
function in various models typically based on a linear relationship (e.g., T-M Model [14], abcd water
balance model [15] or HYMOD model [16]). However, some authors mention that groundwater release
is not a linear process, meaning that it must be represented as a non-linear process [10,17]. This entails
a degree of uncertainty when choosing a hydrological model, as the groundwater storage structure or
relationship (of the selected model) may not be suitable for simulating low-flow periods. Thus, there is
a need to improve hydrological models for predicting low (or minimum) flows [18].

Recent studies have been done to improve low-flow prediction, for example, evaluating different
hydrological models [18,19] or modifying the groundwater structure of the Soil Water Assessment
Tools (SWAT model) [20,21]. Despite these contributions to improving low-flow prediction using
hydrological models, authors such as Stoelzle et al. [13] mention a need to evaluate models for
baseflow generation considering watersheds with different predominant geological characteristics.
In fact, geological characteristics (e.g., fractures) determine the capacity of the riverbed to conduct
water, allowing infiltration and groundwater storage [22]. Likewise, topographic characteristics
(e.g., pronounced or less pronounced reliefs) are connected to groundwater movement [23] and
influence it at various spatial scales [24]. Therefore, topography could have an important role in
groundwater storage and release processes and low-flow generation, and it is fundamental that these
characteristics (geological and topographic) be considered when choosing a storage-release structure
when the purpose of the modeling is to simulate low flows. In addition, identifying the processes
that take on greater importance in watersheds with different characteristics can contribute to the
choice of a suitable model for simulating low flows. Thus, the objective of this investigation is to
study-using a conceptual hydrological model the influence of geology and topography on groundwater
storage-release process modeling through a regional sensitivity analysis in order to improve low-flow
prediction in south-central Chile.

2. Methods

2.1. Study Area and Hydrometeorological Data

The study area comprised eight watersheds located in south-central Chile between ~36.5–37.0◦

and ~38.0–39.0◦ latitude South (Figure 1a). Watersheds without anthropogenic alterations or with
minimal alterations were selected in order to avoid anthropogenic effects in the analysis. The selected
watersheds in the central zone had a Mediterranean climate (~36.5–37.0◦), while those in the south
of the study area (~38.0–39.0◦) had a wet climate [25]. The watersheds had a hydrological regime
dominated by precipitation in winter and high precipitation variability, with annual averages from
700 to 3000 mm [8,25,26]. Watersheds without hydrological alteration or with minimum hydrological
alteration (hydropower centers or reservoirs) were selected with the aim of studying the low-flow
generation process.

Three watersheds, Chillan at Esperanza (CHE), Diguillín at San Lorenzo (DSL) and Cautín at
Rari-Ruca (CR), were monitored on the western slope of the Andes and located at an elevation of around
700 m.a.s.l (Figure 1a). Most of the watersheds presented formations associated with volcanic and
volcano-sedimentary sequences [27,28]. In addition, due to the tectonic uplift of the Andes [29], most
of the watersheds presented rugged topography with steep slopes ranging from approximately 52.5◦

to 69.6◦ (Figure 1b,c). Three other watersheds, Chillan to Confluencia (CHC), Diguillín at Longitudinal
(DL) and Cautín at Almagro (CA) were monitored downstream of CHE, DSL and CR, respectively, in
the central depression of Chile (known as the Central Valley), and the monitoring stations were located
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