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Background: Forest ecosystems provide services that are important for human use; one of the most crit-
ical ecosystem services is the provision and regulation of water. Basins with high forest improves hydro-
logical functionality by promoting reduction in surface runoff, increase infiltration and aquifer recharge,
and ensures base flow regulation amongst others. On the other hand, the conversion towards highly
anthropized productive systems is usually accompanied by precarious environmental management that
alters the hydrological cycle and reduction in water quality in basins.
Aim: The goal of this study was to analyze land use changes and their effect on water efficiency index
(WEI) in three sub-basins.
Methodology: The methodology included a multi-temporal analysis of satellite images to identify land
uses, also the use of SWAT (Soil and Water Assessment Tool) model for hydrological analysis in each
sub-basin, information needed for calculating the WEI.
Results: The results revealed the existence of no significant difference in terms of WEI between the sub-
basins with predominant tree cover of native or artificial, being higher (0.89) than the WEI values
reported by the sub-basin with agricultural land use (0.65). It is concluded that hydrological functions
are more efficient in basins with forest cover, made up of native or exotic species, than agricultural land
use with annual crop rotations. The results contribute to decision making on public policies associated to
the rural productive activities.
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Concluded: Finally, we conclude the necessity of the promotion of forest plantation management tech-
niques that avoid clear-cutting and multiple rotations in basin headwaters and riparian areas.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Forest ecosystems offers several goods and services that are
important for human use; these include the provision and regula-
tion of water distribution in the environment (Esse et al., 2019).
Furthermore, it promotes soil water infiltration, maintains gradual
release of streamflow, regulates surface water runoff thereby
reducing erosion risks (Huber et al., 2008). Additionally, it con-
tributes to recharging aquifers and maintenance of baseflow, espe-
cially in summer seasons. In hydrological basins that are coupled
with forest land uses, the spatial distribution, and composition of
forest structures are important elements that are required in a
functional ecosystem in addition to water resources (Esse et al.,
2019). Forest cover loss can have profound implications for water
resources because the removal of canopy effect and ability to inter-
cept raindrops leads to increased runoff and low infiltration
because the infiltration rate exceeded.

The conversion of natural landscapes into other productive sys-
tems like agriculture, forest reserves, and urban areas, affects soils
integrity in terms of nutrient cycling and regeneration of native
species (Gerber, 2011; Giri and Qiu, 2016; Esse et al., 2019). Other
examples of activities which initiate surface runoff and reduced
water quality include poor land and water use in agriculture, live-
stock, forestry, and urbanization (Miserendino et al., 2011; Pizarro
et al., 2019). Accordingly, Gerber (2011) reported that, one of the
major conflict areas which impact local communities is the estab-
lishment of forest plantations, displacement of households and
agricultural lands which limits access to natural resources.

Studies in southern Chile have shown that, land use change from
native forest to exotic plantations in small watersheds (<100 ha)
reduces surface runoff, mainly due to increased evapotranspiration
(Little et al., 2009; Huber et al., 2008). However, these studies do
not consider all key biophysical variables like climate, soil and geo-
morphology to obtain accurate information about those critical fac-
tors which determines water regime. This can be achieved by
integrating spatial GIS tools like SWAT (Soil and Water Assessment
Tool) model (Arnold et al., 1998) and VISUAL-BALAN, WEAP
(Raskin, 1988). These tools allow surface runoff analysis at different
spatial and temporal scales and integrate complex interactions
between geomorphological factors like soil type, vegetation, land
use, precipitation, temperature, air humidity, wind, among others
(Little et al., 2009; Rumph and Molina-Navarro, 2021).

The basins in south-central Chile are in the Valdivian Temperate
Rainforest Ecoregion (Myers et al., 2000). However, forests have his-
torically been subject to timber extraction, deforestation due to
advancement in agriculture, livestock, and forestry technologies,
and the introduction of exotic species which compete directly with
native species and modify ecological processes (Lara et al., 2009;
Aguayo et al., 2016). Afforestation and reforestation using exotic
species are activities which has been actively promoted by the Chi-
lean government formore than40 years (D.LN�701). This generated
negative views from certain sectors of society and local actors (Esse
et al., 2019; Sepúlveda-Varas et al., 2019), who believe that much of
the area currently covered by forest monocultures correspond to
areas previously covered by native forest like headwaters, river-
banks, and estuaries. Indeed, the growth of the forestry industry in
Chile between 1995 and 2009 presented one of the highest annual
deforestation rates (49,020 ha) and forestation (53,610 ha) com-
pared to the forest plantations in South America (FAO, 2010).
2

As a result, the forestry sector and its forestry practices have
been identified as being responsible for decreased surface runoff
in bains located in south-central part of the country (Aguayo
et al., 2016), as well as altering the quality of the surrounding
water bodies. There are several studies on forestry plantations
and their adverse effects in the environments where they are
established (Aguayo et al., 2016).

The reduction in water yield in regions with fast-growing forest
plantations is the main evidence of the deficiency in the land use
policies (Jackson et al., 2005), in this scenario Lara et al., (2009)
proposed the Water Efficiency Index (WEI) for understand spatial
and temporal variations in land use and changes of surface runoff.
In Chile, the reduction in basins water resources is attributed to the
forestry policy because, the monoculture nature of the industry
generates conflicts between local foresters and farmers, because
foresters reject crops and prefer forest plantations of Pinus radiata
D. Don and Eucalyptus spp. (Huber et al., 2008, Saavedra and
Sepúlveda-Varas, 2016; Esse et al. 2019).

Accordingly, it is possible that land use changes in basins may
modify surface water availability. Therefore, the objective of this
study was to analyse land use changes and their effect on surface
water availability in sub-basins with different land uses. Accord-
ingly, the changes in land cover in three sub-basins and water effi-
ciency as a function of different land use changes scenarios were
analysed. The results seek to evaluate the functionality of the
ecosystem areas protected by native forests based on the produc-
tion and regulation of the water balance, as an input for generating
public policies, that allow defining conservation and management
measures for river basins.
2. Materials and methods

2.1. Study area

The study catchment area is part of the upper Quepe river basin
(540 km2), located in the Andes foothills zone of south-central
Chile (38�400 S – 71�450 W). The main river is the Quepe river, it
has a 110 km in length and at the beginning, the annual average
flow rate is 35 m3 s�1. If we compare the specific flow rate, this
river has 88 L s�1 km�2, 53 L s�1 km�2, and 40 L s�1 km�2 in the
upper, middle and low parts, respectively (DGA, 2004). The middle
and low elevations of the study area experience rainfall events
while higher elevations areas experience snow-rainfall
(Santibañez, 2017). Generally, the zone is characterized by warm
rainy and cold rainy temperate climates with Mediterranean influ-
ence; the region also experiences low temperatures averaging
6.5 �C and annual rainfall over 3800 mm (Santibañez, 2017). The
soil is deep, well-drained silt-loam with nil to slight erosion over
the whole area (CIREN-CORFO, 2002).

Three sub-basins with different land uses have been identified
with the first one covered almost entirely by native forest (NF) spe-
cies (36.4 km2), the second (Mixed) which is a mixed land use by
native forest and plantations (16.2 km2), while natural grasslands,
and agricultural areas and a third sub-basin of mostly agricultural
use (Agr) (23.5 km2) (Fig. 1). Three sub-basins were selected con-
sidering several productive land uses, these sub-basins are part
of the Quepe river basin.

http://creativecommons.org/licenses/by-nc-nd/4.0/


Fig. 1. Study area. A) Mediterranean region of central-southern Chile, Quepe river basin; B) Native forest sub-basin; C) Mixed sub-basin; D) Agricultural sub-basin.

Fig. 2. Conceptual diagram for the generation of the land cover maps.
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2.2. Multitemporal analysis of land cover change

Land cover maps were generated for the 2001–2002 and 2017–
2018 seasons using Landsat 5, Landsat 7, and Landsat 8 satellite
images, using a classification model trained from the 2014–2015
season and then implemented on the other seasons (Fig. 2). In this
work, the concept of season is considered as the range of dates
from winter (June) to ending summer (March). The classification
model was trained considering ground truth data from the land
3

cover map produced by Zhao et al. (2016) and described in Hernán-
dez et al. (2016).

The classification model was based on the RusBoost algorithm
that uses a mixture of random under-sampling (RUS) procedures
and standard boosting from AdaBoost, allowing work with imbal-
anced classes (Freund, 2009). Furthermore, the classification was
carried out considering a similar approach that GEOBIA (Geo-
graphic Object-Based Image Analysis), where, in brief, the model
learns from segments instead pixels, which have a better perfor-
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mance that classical pixel approach (Hay and Castilla, 2008; Vieira
et al., 2012).

The first step was to generate segments in the image, which was
carried out from the segmentation of the NDVI (Normalized
Difference Vegetation Index) image from January 4, 2015, using a
super-pixel algorithm, specifically the SLIC (Simple Linear Iterative
Clustering) (Achanta et al., 2012).

The descriptor used in the training model was the temporal
NDVI, specifically the weekly NDVI for each segment, which was
generated interpolating the mean NDVI in each date to a weekly
scale using the cubic spline algorithm (Dyer and Dyer, 2001).
Finally, the weekly attribute of NDVI of each segment was
smoothed with Gaussian filter (low pass filter) hoping to avoid
extreme values. This procedure allows to use the continuum tem-
poral attributes of the 2014–2015 season on other seasons, inde-
pendently of the availability of satellite images in exactly the
same dates. The range of dates in the different seasons was limited
between July and March, established from the availability in the
training season.

The satellite images were preprocessed, considering atmo-
spheric correction by the DOS method (Chavez, 1988) and gap fill-
ing for Landsat 7 pixels by spatial interpolation using the
gdal_fillnodata.py algorithm (GDAL; http://www.gdal.org). The
generated classes were: (1) Crop (AGRL), (2) Forest (BNP), (3) Scrub
(BROM), (4) Grassland (WPAS), (5) Impermeable (WETL), (6) Water
(WATR), (7) Bare soil (UINS), (8) Snow and Ice (URML).

Details of the dates of satellite images used in the training and
classification processes are shown in the Table 1 in format
‘‘month/day/year”. The abbreviations L5, L7 and L8 refers to Land-
sat 5, Landsat 7 and Landsat 8 satellite, respectively.

2.3. Hydrological modeling

The hydrological analysis (Fig. 3) was performed using the
SWAT model (Arnold et al., 1998) for ArcGIS 10.8.1 for the simula-
tion of flow (m3) in the basin under two land cover scenarios: a)
historical (2001) and b) current (2018). The daily rainfall variation
was integrated into the SWAT database corresponding to the cli-
mate period 1979–2013. For the SWAT model, the hydrologic cycle
is based on the water balance equation, given by Eq. (1).

SWt ¼ SW0 þ
Xt

i¼1

ðRday � Qsurf � Ea �Wseep � QgwÞ ð1Þ
Table 1
Satellite images used in the training (season 2014-2015) and classification (2001-
2002 and 2017-2018 seasons) steps.

Seasons

2001–2002 2014–2015 2017–2018

8/17/2001(L5) 7/12/2014(L7) 09/22/2017(L7)
9/2/2001(L5) 8/13/2014(L7) 11/25/2017(L7)
9/10/2001(L7) 9/30/2014(L7) 12/19/2017(L8)
10/12/2001(L7) 10/24/2014(L8) 12/27/2017(L7)
11/29/2001(L7) 11/25/2014(L8) 01/12/2018(L7)
12/7/2001(L5) 12/3/2014(L7) 01/28/2018(L7)
12/23/2001(L5) 12/11/2014(L8) 02/05/2018(L8)
1/16/2002(L7) 1/4/2015(L7) 02/13/2018(L7)
2/1/2002(L7) 1/12/2015(L8) 02/21/2018(L8)
3/5/2002(L7) 1/20/2015 (L7) 03/01/2018(L7)
3/29/2002(L5) 1/28/2015(L8) 03/25/2018(L8)

2/5/2015(L7)
2/13/2015(L8)
3/9/2015(L7)
3/17/2015(L8)
3/25/2015(L7)
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where SWt is the final soil water content on day t; SW0 is the initial
soil water content on day i; t is the time (days); Rday is the amount
of rainfall on day i (mm H2O); Qsurf is the amount of surface runoff
on day I (mm H2O); Ea is the amount of evapotranspiration on day i
(mm H2O); Wseep is the amount of water entering the vadose zone
from the soil profile on day i (mm H2O) and Qgw is the amount of
return flow on day i (mm H2O). This model calculates real evapo-
transpiration by using the Penman-Montheith method (FAO, 2006).

The soil type and its physical–chemical characteristics, such as
depth (cm), texture (%), granulometry (%), bulk density (g cm�3),
and organic carbon content (%), were obtained from CIREN-
CORFO (2002). The hydrological group was estimated according
to the U.S. Soil Conservation Service Curve Number method and
the erodibility factor (K) using the equation proposed by
Wischmeier and Smith (1978). Daily precipitation (mm), minimum
and maximum temperature (�C), relative humidity (%), solar radia-
tion (MJ m�2), and wind speed (m s�1) were obtained from Climate
Forecast System Reanalysis (CFSR, 38 km per pixel resolution,

https://globalweather.tamu.edu/). This climate model provides
optimized data for use in watershed models like SWAT and it rep-
resents a good option when lack of climate data is a problem (Fuka
et al. 2013), as occurs with the absence and low consistency of this
type of records in the available databases for Chile (Table 2).

The monthly average streamflow was extracted from the DGA-

Chile (https://snia.mop.gob.cl/BNAConsultas/reportes). Once the
data were adjusted, a calibration process was carried out adjusting
the observed versus simulated surface runoff. Later, validation was
carried out to measure the predictive capacity with the parameters
estimated in the calibration period, considering a different time.
The subroutine of vegetal growth using the physiological parame-
ters of the native species of Nothofagus genus was modified since
they are the most representative of the study area (Table 3).

Both processes were evaluated using the SWAT CUP software,
with the SUFI-2 routine, which performs a sequential uncertainty
adjustment. Goodness of fit and predictive capabilities was deter-
mined through the coefficient of determination (R2) (Zar, 2010),
percent bias (PBIAS), and Nash-Sutcliffe Efficiency (NSE) (Nash
and Sutcliffe, 1979).
2.4. Water efficiency analysis

The modified Water Efficiency Index (WEI), given by Eq. (2)
developed by Lara et al., (2009) was used to establish spatial and
temporal comparisons between current and past scenarios and
estimate the effect of land cover changes on surface runoff in each
sub-basin. The hydrological simulation model was for the calibra-
tion period 1984–1998 and validation period 1999–2013.

WEI ¼ QqPp�1 ð2Þ

where, WEI is the water efficiency index, Pp is the monthly precip-
itation recorded in the sub-basin, Qq is the peak flow (mm m�1),
calculated from difference between Water yield (mm H2O), which
is the net amount of water that leaves the sub-basin and con-
tributes to streamflow in the reach during the time step (WYLD)
and surface runoff which is the contribution to streamflow during
time step (SURQ mm H2O), which allows separating the base flows
from the peak flows, both estimated by SWAT.

For each sub-basin, the monthly water efficiency index (WEI)
was determined for the period 1984–2013, considering past
sceneries (2001) and actual (2018) based on land cover, and look-
ing for the effects of land cover on WEI. Subsequently, a Kruskal-
Wallis test (non-parametric one-way analysis of variance) was
applied to evaluate the significant differences (p < 0.05) between
the defined land use change scenarios. Finally, multiple compar-

http://www.gdal.org
https://globalweather.tamu.edu/
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Fig. 3. Methodology implemented for SWAT model in ArcSWAT software. In diagram DEM is Digital Elevation Model, HRUs is Hydrologic Response Units, % SOC is Soil
Organic Carbon and T� is Temperature.

Table 2
Consulted databases used for SWAT modeling.

Type Information Period Description

DEM Grid (30 m) 2011 Digital Elevation Model
Land cover Grid (30 m) 2001–2002 2017–2018 (1) Crop

(2) Forest
(3) Scrub
(4) Grassland
(5) Impermeable
(6) Water
(7) Bare soil
(8) Snow and Ice

Soil data Grid (30 m) 2002 Cartography and physical–chemical parameters.
Meteorological data Daily 1979–2013 Extreme temperatures, rainfall, solar radiation,

relative humidity, wind speed
Hydrological data Average monthly 1979–2013 Observed discharge

Table 3
Physiological parameters for the most important forest species of the study basin. Source: modified from Yarrow & Chambel-Leitao et al. (2007,
2008). BNP: Native forest, EUCA: Eucaliptus sp.

Category Description Units BNP EUCA

BIO LEAF Radiation-use efficiency or biomass-energy ratio % 0.50 0.30
BLAI Maximum potential leaf area index – 5.00 5.50
RDMX Maximum root depth m 2.50 4.00
CHTMX Maximum canopy heigth m 5.00 10.00
HVSTI Harvest index for optimal growing conditions – 0.05 0.76
T BASE Minimum (base) temperature for plant growth �C 10.00 0.00
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isons were made through Tukey’s HSD test (p < 0.05) using the
agricolae (Mendiburu, 2017) in R software.
3. Results

3.1. Land cover maps

The RusBoost algorithm created 7584 training objects for all
classes. Classification accuracy of 76% was achieved, with the high-
5

est classification errors when the model misclassifies grasslands
with scrubs and vice versa (Fig. 4). Forest cover classification accu-
racy was 82%.
3.2. Modelling sceneries

The major transitions of the NF sub-basin correspond to BNP,
BROM, and WPAS classes. BNP presented the most considerable
net change with 117 ha, obtaining the main surface gain from



Fig. 4. Confusion matrix, Kappa index and F-score validating the classification model in the 2014–2015 season. Percentage values in the main diagonal represent the
Sensibility of each class, while the numbers below the Sensibility represent the number of segments in each situation.

Table 5
Water efficiency index of the NF, Mix, and Agr sub-basins under historical (2001) and
current (2018) land use changes scenarios determined by SWAT model.

Sub-basin Scenario SURQ GWQ WYLD
(mm) (mm) (mm)

NF 2001 29.24 570.46 1828.46
2018 29.30 624.92 1827.56
Balance 0.22% 9.55% �0.05%

Mix 2001 80.26 1446.06 1805.81
2018 43.59 1350.85 1829.53
Balance �45.69% �6.58% 1.31%
2001 609.13 864.00 1521.46

Agr 2018 664.26 819.45 1529.34
Balance 9.05% �5.16% 0.52%

SURQ: Surface runoff (mm); GWD: return flow to the main channel (mm); WYLD:
water yield (mm)
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BROM (239 ha) and the largest loss at the same time (77 ha); in
parallel, BROM changed to BNP 179 ha and gained 77 ha of the
same. WPAS presented �184 ha of net change, the main change
was to BNP (30 ha) and BROM (153 ha). In the Mixed sub-basin,
BNP and BROM had the most considerable net change with 361
and 312 ha, respectively, obtaining the most massive area gains
from WPAS, a category that ceded 288 ha to BNP and 360 ha to
BROM, presenting a net balance of �644 ha in 2018. On the other
hand, BROM showed the highest exchange rate dynamics, record-
ing the highest movements of loss, gain, net change, and land
use change in the sub-basin. In the Agricultural sub-basin, WPAS
lost 879 ha of the total land, highlighting 387 ha to AGRL and
374 ha to BROM; WPAS was the coverage with the most significant
net change with �660 ha, followed by AGRL, which losses 299 ha,
480 ha of gains and a net balance of 181 ha, the main contributions
of land were received from WPAS and BROM. In turn, BROM pre-
sented a net change of 314 ha, obtaining the highest contributions
from WPAS and AGRL. The change matrix shown that these
changes had no effect on the simulations when comparing the dis-
charges in the water balance.
3.3. Water efficiency index and statistical analysis

The goodness-of-fit indicators and predictive capabilities
(Table 4), for the simulated streamflow, showed a low NSE effi-
ciency between 1984 and 1998 (calibration period); however, the
efficiency was high for the period 1999–2013. The simulations
for each land cover change scenarios showed an increase of actual
evapotranspiration in the NF sub-basin by 0.64%; for the Mix and
Agr sub-basins a decrease was evidenced with values by 10.77%
and 2.65%, respectively.
Table 4
Indicators of goodness-of-fit and predictive capabilities calculated for the calibration
and validation periods. RSR: Root mean square error observation standard deviation
ratio, NSE: Nash-Sutcliffe Efficiency, R2: Determination coefficient, PBIAS: per cent
bias.

Indicators Calibration (1984–1998) Validation (1999–2013)

RSR 0.85 0.57
NSE 0.28 0.68
R2 0.63 0.76
PBIAS 40.50 14.90

6

In terms of water efficiency index (WEI), the NF sub-basin
decreased by 0.05% the average volume of water at the sub-basin
outlet. The Mix and Agr sub-basins showed an increase of 1.31%
and 0.52% during 2001–2018, respectively (Table 5).

The water efficiency index showed significant differences
(p < 0.05) when comparing land use of each sub-basin (Fig. 5).
Tukey’s HSD test showed that the differences were given by the
Agr sub-basin, which WEI average value of 0.62, as opposed to
the values of 0.89 reached by the NF and Mix sub-basins,
respectively.
4. Discussions

Studies on land use change and hydrological analysis in basins
are varied, most of them implemented in tropical and Mediter-
ranean areas in Europe and Asia (Sirabahenda et al., 2020); how-
ever, studies in Mediterranean climates are typical of soil and
climate zones in south-central Chile (Little et al., 2009). These stud-
ies are characterized by analyzing the effects of forest cover and
plant species composition on runoff processes and maintenance
of streamflow. However, few of them analyze the effect of forest
plantations on water availability and, to a lesser extent, compare
different land uses in terms of water efficiency.

This study showed that, the most significant land use change
was in the sub-basin with mixed land use, where WPAS land use



Fig. 5. Differences in water efficiency index (WEI) in the NF, Mix, and Agr sub-basins. The blue vertical line indicates the average value. Different letters indicate significative
difference (p < 0.05).
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changed to BNP and BROM, increasing the area of native forest and
exotic plantations. In this sub-basin, an increase in forestry activity
was observed during the period when the ‘‘Decreto de Ley 70100 on
Forestry Development was in effect (Lara et al., 2009; Saavedra and
Sepúlveda-Varas, 2016). During this period (1974–2008), most of
the area used for livestock became part of large land extensions
covered by exotic plantations. In the NF sub-basin, the dominant
species corresponds to Nothofagus dombeyi-(Mirb.) Oerst., which
is considered a native species that play an essential role in main-
taining streamflows and regulating the hydrological cycle (Esse
et al., 2019). On the other hand, in the Mixed sub-basin, the main
tree species correspond to a mixture between N. dombeyi, and the
exotic species P. radiata and Eucalyptus spp., the last one being per-
ceived by local actors as responsible for the decrease in stream-
flows and loss productivity of the site. The Agr sub-basin showed
a reduction in WPAS and an increase in BROM and AGRL, indicating
that the main productive activities are grains, such as wheat and
oats. This activity generates a high demand for water resources
given the crop rotation regime, especially in those areas where
the cultivated area is large and continuous (Sirabahenda et al.,
2020).

When comparing the water efficiency index of sub-basins with
different land uses, a topic that considers the relationship between
rainfall and surface runoff, the NF and Mixed sub-basins showed
average efficiency values of 0.89 ± 0.08 and 0.89 ± 0.11 respec-
tively, with no significant differences (p > 0.05). On the other hand,
the Agr sub-basin showed highly significant differences (p < 0.05)
for the previous one with a lower water efficiency index (0.62 ± 0.
15). These results show that basins and sub-basins protected by
forest land use are more efficient in terms of water, regardless of
the species they are composed of, than those where the main pro-
ductive activity are grains with annual crop rotations. These results
are like those indicated by Pizarro et al., (2019) who studied the
soil water consumption of native forest species and exotic planta-
tions in the Mediterranean area of Chile. Sub-basins composed by
native and exotic perennial species perform similar ecosystemic
functions in the regulation of hydrological processes, such as inter-
ception and stem runoff, together with the structure and root
depth facilitate water infiltration and percolation (Huber et al.,
2008; Pizarro et al., 2019); however, fast-growing exotic species
7

show higher evapotranspiration rates than native species such as
N. dombeyi and others, which depending on their land cover, rain-
fall, geological and geomorphological characteristics can influence
water balances, providing different characteristics for each sub-
basin, which makes any comparison between them difficult
(Huber et al., 2008). On the other hand, in basins and sub-basins
for agricultural use established on less steep slopes, the hydrolog-
ical processes are modulated by crop type and water demand, crop
rotations, crop techniques, and irrigation technology, factors favor-
ing the evapotranspiration, infiltration and erosion processes in the
winter season (Martínez and Navarro, 2007).

This study showed that water balance was more efficient in
sub-basins located in upper areas dominated by perennial tree spe-
cies and exotic and native forests, which allows to conclude that
water efficiency does not depend on tree species that make up
the forest but on the hydrological functions. In this sense, it is
important to consider multiple rotations of forest plantations that
promote clear-cutting favoring soil erosion and disrupting the
hydrological regulation processes. Therefore, it is necessary to
evaluate different forest management schemes through SWAT
modeling and generate scientific information that contributes to
their implementation in current regulations and standards, consid-
ering water efficiency as an optimization function.
5. Conclusions

Water efficiency does not depend on the tree species that form
the forest but on the implicit hydrological functions. For this rea-
son, it is important to study the management alternative methods
that replace consider the multiple rotations to which forest planta-
tions are subjected that use clear-cutting as a harvesting tech-
nique, favoring soil erosion processes and altering hydrological
regulation processes.
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