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ABSTRACT
Hydrological modelling has undergone constant growth with the increase in information proces-
sing capabilities. Hydrological models have traditionally been used to study the effects of climate
change on management and land-use changes and for water resources planning, among other
purposes. The aim of this study was to determine and analyse the advantages of the HBV and
HYMOD models, which are commonly used in hydrology on daily and monthly time scales. A
regional sensitivity analysis was used to compare the processes that take on greater importance
at different time scales in the two models. As a result, it was found that quick precipitation–runoff
processes prove to be better represented in the HBV model, while slow, time-aggregated
processes are better represented by the HYMOD model. This study confirms that both models
are adequate for rain-dominated basins, such as those of the study area. Additionally, the HBV
model proved to be more robust in comparison to HYMOD.
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1 Introduction

Hydrological models are an effective tool for water and
basin management. They are meant to represent
hydrological processes at the basin level (e.g. precipita-
tion, evapotranspiration, infiltration, snowmelt) and
evaluate conditions for purposes of water resources
management and administration.

The use of water balance models to solve hydrolo-
gical problems has increased in recent times (Rusli
et al. 2015), especially in areas such as climate change
impact studies (Solomon 2007) and the simulation and
prediction of different environmental processes
(Wagener et al. 2001).

Normally, conceptual hydrological models are devel-
oped for different time scales and the specific conditions
of a basin or hydro-climatic area; thus, using them under
conditions different from those for which they were cre-
ated can be challenging and yield unsatisfactory results.
Staudinger et al. (2011), for example, mentioned that
hydrological models usually poorly simulate minimum
streamflows since they are traditionally designed to
address maximum streamflow situations; therefore, the
applicability of a model in low-streamflow conditions will
depend on how the relevant hydrological processes are
represented (Nicolle et al. 2013).

Some of the advantages of conceptual models are the
simple manner in which they represent and simulate
processes and allow users to understand what is being
simulated. They can also support prediction- and man-
agement-related decision-making processes; for exam-
ple, they can be used to estimate projected hydropower
generation under climate change conditions (Chilkoti
et al. 2017), predict the hydrological components of
ungauged watersheds (Ibrahim et al. 2015, Sun et al.
2015), and evaluate the effects of wildfires (Moussoulis
et al. 2015) or land-use changes (Younis and Ammar
2017), among other activities. However, despite their
advantages, hydrological models also have limitations,
such as not normally considering the groundwater
exchange (Pellicer-Martínez et al. 2015) or oversimpli-
fying the real world (Martina et al. 2011), simplifying
the processes simulated and sometimes reducing their
importance in the simulated water balance.

Each model should provide a clear statement of its
limitations and proper guidance along with a descrip-
tion of dominant processes (Devia et al. 2015). Usually,
the more complex the model, the broader the charac-
teristics of the basins and climates in which it is
applied; however, the more parameters it has, the less
understandable the simulated processes become. On
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the other hand, the simpler the model (such as a con-
ceptual model), the easier it is to understand and
calibrate; nonetheless, it proves necessary to know its
limitations and advantages for different purposes, time
scales and climates.

Due to the growing use of hydrological models to
simulate processes in a basin, and the differences
among them (e.g. in structure, the conceptual repre-
sentation of the system and processes and the amount
of model parameters), there is a need to evaluate
them and assess their results and capabilities (e.g.
the capacity to simulate different basins and climatic
limits of applicability). te Linde et al. (2007) suggested
that one way to evaluate a model is to implement two
or more of them in a basin in order to compare their
results. Jiang et al. (2007) quantified the differences
between six hydrological models (Thornthwaite-
Mather, VUB, Xinajiang, Guo, WatBal and Schaake)
in order to evaluate the impact of climate change on
the Donjiang River basin, China. Although very simi-
lar results were obtained regarding the streamflow
data in that study, differences in the soil moisture
model and, therefore, in the processes represented,
were found. Thus, evaluating not only model capabil-
ities but also the capabilities of their sub-models and
their effects on the main model results may contri-
bute to a better understanding of the simulated sys-
tem and the processes that occur in it.

Two widely used models are HBV (Bergström 1972)
and HYMOD (Boyle 2001). Both have been applied in
a variety of basins and climates (e.g. the MOPEX data-
base (Kollat et al. 2012), a continental climate with cold
winters and relatively warm summers (Staudinger et al.
2011), a subarctic climate (Seibert 1997), a dry-conti-
nental climate (Przeczek et al. 2009), a subtropical
climate (Rusli et al. 2015), and in the Asian monsoon
region (Li et al. 2009), among others) with different
characteristics in terms of precipitation, temperature,
size, slope and aridity index.

The choice of a model for particular watershed
characteristics and desired modelling time scales
requires an understanding of model sensitivity to
representative processes. In this study, the processes
that take on greater importance according to the char-
acteristics of models, watersheds and time scales are
identified through a Regional Sensitivity Analysis
(RSA). In order to identify the main characteristics of
hydrological models, their advantages and drawbacks
are evaluated. Different simulation time scales (daily
and monthly) and watersheds are analysed to provide
information that may contribute to the a priori selec-
tion of a model as a function of the processes to be
modelled.

2 Study area and hydro-meteorological data

The study area comprises the watersheds of the Digullín
(207 km2) and Quino (298 km2) rivers up to the San
Lorenzo and Longitudinal stream gauge stations, respec-
tively, located in south-central Chile (Fig. 1). The Diguillín
River (Fig. 1(a)) springs from the western slope of the
Andes and drains toward the southwest of the Nevados
de Chillán volcanic complex. The area is difficult to access;
therefore, hydrological data are limited. The watershed
presents a volcanic influence and is composed of various
types of lava flows that were formed by different volcanic
processes that have occurred in the last 650 thousand years
(Dixon et al. 1999, Naranjo et al. 2008). The mean annual
precipitation in the area is around 2300 mm, the mean
annual air temperature is 9.2°C and the annual average
potential evapotranspiration is around 630 mm. The basin
is mostly covered by evergreen and semi-deciduous forests
(~65%) and to a lesser extent (~30%) by forest-shrubland-
grassland (Muñoz et al. 2016). The watershed presents a
predominant rain flow regime during the winter with a
slight snowmelt influence during the spring and early
summer (Zúñiga et al. 2012).

Quino at Longitudinal (Fig. 1(b)) presents a temperate
cold rainy climate with a mediterranean influence, which
is characterized by mean annual temperatures of 8.4°C
and annual precipitation of around 3000 mm, with the
greatest streamflows in the winter months (as a result of
rainfall) and the lowest in summer. In wet years, the
greatest streamflows occur between May and August as
a result of the significant winter rain, whereas the lowest
streamflows are observed between January and April
(Dirección General de Aguas 2004). The annual average
potential evapotranspiration is around 550 mm. The
Quino River is widely used for irrigation and the land in
the basin is used for agriculture. The watershed was
formed during the Pleistocene and has pyroclastic depos-
its, mainly rhyolitic associated with caldera collapse
(Dirección General de Aguas 1986). The basin is mostly
covered by broadleaved evergreen or semi-deciduous
forest (~55%), vegetation or cropland (~34%) and to a
lesser extent (~11%) by forest-shrubland-grassland.

Both models (HBV and HYMOD) have been applied
in basins with characteristics, such as climate and size,
similar to those of the basins in this study (e.g. Kollat et al.
2012 applied both models in several basins with a
Mediterranean climate on the west coast of the USA).

For the study, a 10-year span (fromApril 2000 toMarch
2010) of hydro-meteorological records was used.
Precipitation data (daily and monthly) were recorded at
seven rain gauge stations and were obtained from the
General Water Directorate (DGA) (see location in Fig. 1).
Since there are no continuous temperature time series from
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