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EXPLORING CLIMATE VARIABILITY IN THE MATAQUITO RIVER BASIN OF THE MAULE

REGION, CHILE: A SPECTRAL ANALYSIS APPROACH

Juan José Garcés-Galvez, Alejandra Geraldi and Marcos Medina-Tapia

SUMMARY

The ecosystem services of freshwater provision and climate
regulation depend on climate variability, so it is critical to un-
derstand climate variability to analyze the interaction between
the natural and social systems. The Mataquito River basin, lo-
cated in the Maule Region of Chile, transitions from mountain-
ous terrain to coastal areas, giving rise to diverse landscapes,
industrial activities, and microclimatic conditions. This work
aimed to analyze the climatic variability in the Mataquito River
Basin by applying spectral analysis techniques. The work meth-

od consists of three stages: (i) downloading and consolidation
of meteorological data series; (ii) application of Fast Fourier
Transform (FFT) and Wavelet techniques, and (iii) analysis of
seasonal, annual, interannual, and decadal climate variability
scales. The results indicate that there are seasonal, annual, and
interannual variations. Finally, the lowest frequencies of the
precipitation and temperature spectrum reflect phenomena with
a typical duration of 3 to 7 years, coinciding with the duration
of the El Nifio-Southern Oscillation (ENSO) phenomenon.

Introduction

Ecosystems are regulated by
independent factors (climate,
material, topography, biota,
weather, human activities) and
by interactive factors (resource
supply, microenvironment, dis-
turbance regime, and types of
organisms), with their stability
and resilience depending on
forces and interactions between

and positive amplifying feed-
back (Chapin et al., 2011).
Human reliance on ecosystem
services underlines the need to
understand the dynamics of
these regulating and driving
forces. The climatic variables of
most excellent and most signif-
icant interest for the study of
impacts are those that develop
at the lowest levels of the atmo-
sphere (Universidad de Chile,

climate variability is fundamen-
tal to analyzing the interaction
of the natural system and the
social system, and interpreting
the effects on activities, re-
sources, population health, in-
frastructure, and services
(Ferrelli et al., 2017). To under-
stand the behavior of climate
variables, the occurrence and
intensity of their variations
must be analyzed, depending on

to diurnal, annual, or decadal
temporal variations.

Harmonic analysis allows us
to know and represent the fluc-
tuations of meteorological data
series, depending on their fre-
quency domain. This type of
technique allows us to see sep-
arately the contributions of
processes that vary at different
speeds to a time series (Wilks,
2020). Among this type of

negative stabilizing feedback 2006). Indeed, understanding their location could be subject techniques, the Fourier
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EXPLORANDO LA VARIABILIDAD CLIVMATICA EN LA CUENCA DEL RiO MATAQUITO DE LA REGION DEL
MAULE, CHILE: UN ENFOQUE DE ANALISIS ESPECTRAL

Juan José Garcés-Galvez, Alejandra Geraldi y Marcos Medina-Tapia

RESUMEN

Los servicios ecosistémicos de provision de agua dulce y re-
gulacion del clima dependen de la variabilidad climatica, por
lo que es fundamental comprender la variabilidad climatica
para analizar la interaccion entre los sistemas naturales y so-
ciales. La cuenca del rio Mataquito, ubicada en la Region del
Maule en Chile, presenta transiciones de terreno montaiioso a
zonas costeras, dando lugar a diversos paisajes, actividades
industriales y condiciones microclimaticas. Este trabajo tuvo
como objetivo analizar la variabilidad climatica en la cuenca
del rio Mataquito mediante la aplicacion de técnicas de and-

lisis espectral. El método de trabajo consta de tres etapas: (i)
descarga y consolidacion de las series de datos meteorologicos;
(ii) aplicacion de las técnicas de Transformada Rapida de Fou-
rier (FFT) y Wavelet, y (iii) andlisis de las escalas de variabi-
lidad climadtica estacional, anual, interanual y decadal. Los re-
sultados indican que existen variaciones estacionales, anuales e
interanuales. Por ultimo, las frecuencias mas bajas del espectro
de precipitaciones y temperaturas reflejan fenomenos con una
duracion tipica de 3 a 7 aiios, coincidiendo con la duracion del
fenomeno El Niiio-Oscilacion Austral (ENOS).

EXPLORANDO A VARIABILIDADE CLIMATICA NA BACIA DO RIO MATAQUITO DA REGIAO DE MAULE,

CHILE: UMA ABORDAGEM DE ANALISE ESPECTRA

Juan José Garcés-Galvez, Alejandra Geraldi e Marcos Medina-Tapia

RESUMO

Os servigos ecossistémicos de abastecimento de dgua doce e
regulagdo climatica dependem da variabilidade climdatica, portan-
to, é fundamental entender a variabilidade climatica para anali-
sar a intera¢do entre os sistemas naturais e sociais. A bacia do
rio Mataquito, localizada na regido de Maule, no Chile, passa de
um terrenos montanhosos e dareas costeiras, dando origem a di-
versas paisagens, atividades industriais e condigoes microclima-
ticas. Este trabalho teve como objetivo analisar a variabilidade
climatica na Bacia do Rio Mataquito aplicando técnicas de and-

lise espectral. O método de trabalho consiste em trés etapas. (i)
download e consolidagdo de séries de dados meteorologicos; (ii)
aplicagdo das técnicas de Transformada Rapida de Fourier (FFT)
e Wavelet; e (iii) andlise das escalas de variabilidade climatica
sazonal, anual, interanual e decadal. Os resultados indicam que
ha variagdes sazonais, anuais e interanuais. Por fim, as frequén-
cias mais baixas do espectro de precipita¢do e temperatura re-
fletem fenomenos com duragdo tipica de 3 a 7 anos, coincidindo
com a duragdo do fenomeno El Niiio-Oscilagdo Sul (ENSO).

transform stands out, which
transforms the characteristics
of a series in the frequency
domain; thus, the series spec-
trum shows the contributions
of the oscillations of a time
series at various frequencies
(Wilks, 2020). Also, allow the
analysis of periodicities in the
entire time-frequency domain
(Berman, 2011).

The Mataquito River basin,
located in the Maule Region
of Chile, extends from latitude
34°50" in the north to latitude
35°30' in the south, and is
characterized by its develop-
ment from mountain range to
coast, whose natural charac-
teristics originate diverse land-
scapes, industrial activities,
and microclimatic conditions,
presenting a warm, sub-humid
and coastal Mediterranean
climate that benefits the

existence and diversity of na-
tive vegetation, forest planta-
tions, and agricultural devel-
opment (Biblioteca del
Congreso Nacional de Chile,
2020). Due to its, broad longi-
tudinal development, this work
aims to analyze the climatic
variability in the Mataquito
river basin by applying spec-
tral analysis techniques. For
this purpose, data were col-
lected from meteorological
stations located in the foot-
hills, valley, and coast, to ap-
plying using two spectral
analysis techniques to use two
spectral analysis techniques to
analyze climatic variability.
The following sections pres-
ent the study area, materials,
and methods. The findings
show the variability of tem-
peratures and precipitation in
the Mataquito River basin.
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Finally, the paper presents the
research's conclusions.

Materials and Methods

The following subsections
detail the study area, data, and
methods used.

Study area

Figure 1 shows the location
of the Mataquito River basin in
the context of the Maule
Region, the river basin in the
context of Maule Region; the
area has a strong agroforestry
vocation, in addition to a recent
mining pressure due to its me-
tallic and non-metallic potential
(Aguilera, 2019). The Mataquito
River has a mixed regime, with
its main tributaries being the
Teno and Lontué Rivers. It
boasts a hydrographic basin

covering an area of 6,200km?
Within this region, the transi-
tion from mountainous terrain
to coastal areas highlights the
distinctive relief features of the
country mountain range, inter-
mediate depression, coastal
mountain range, and coastal
plains-presenting a warm,
sub-humid, and coastal
Mediterranean climate that
benefits the existence and di-
versity of native vegetation,
forest plantations and agricul-
tural development (Biblioteca
del Congreso Nacional de
Chile, 2020). The population
is distributed mainly in the
central valley - intermediate
depression - in urban centers
and numerous small towns in
rural areas. The delimitation
of the study area responds to
the hydrographic basins; it is
important to note that the
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basins do not entirely coincide
with the regional political-ad-
ministrative limits.

The region's warm, sub-hu-
mid, coastal Mediterranean
climate benefits the existence
and diversity of native vegeta-
tion, forest plantations, and
agricultural  development
(Biblioteca del Congreso
Nacional de Chile, 2020;
Servicio Nacional de Geologia
y Mineria, 2020). These char-
acteristics configure different
ecosystem services in which
the regulation services are rel-
evant in the study area and
contribute to the maintenance
and control of the climate due
to the presence of the
Mataquito River in the north
of the region.

Materials

The data used in this study
were collected from meteoro-
logical stations strategically
located in various geographi-
cal areas, including the foot-
hills, valleys, and coastal re-
gions. These stations provide
comprehensive coverage of
meteorological variables across
diverse terrains, enabling a
thorough analysis of climate
variability in the study area.
Their location is shown in
Figure 1, and their characteri-
zation is presented in Table I.
The Chilean Meteorological
Directorate (DMC) and the
General Water Directorate
(DGA) manage the meteoro-
logical stations. The variables

recorded correspond to daily
accumulated precipitation
(mm) and daily average atmo-
spheric temperature (°C). At
the Licantén station, there are
no temperature records. Data
for the year 2023 has records
up to October 12.

Method

For the analysis of climate
variability in the meteorologi-
cal stations of interest, the
following steps were applied:
i) the download and consolida-
tion of the meteorological data
series, for this purpose the
meteorological data from each
station were organized and
consolidated; ii) the applica-
tion of spectral analysis
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Figure 1. River basin - northern sector - The study area and the location of the Mataquito River basin - nor-
thern sector - are in the context of the Maule Region of Chile. Source: Own elaboration.

TABLE I
METEOROLOGICAL STATIONS RIVER BASIN IS LOCATED IN THE MATAQUITO RIVER BASIN

techniques, for each data se-
ries, the Fast Fourier
Transform (FFT) and Wavelet
were applied through pro-
gramming in R language; and,
iii) the analysis of seasonal,
annual, interannual and
decadal climate variability
scales (Ferrelli et al., 2017).
Spectral analysis techniques
have been applied in a wide
variety of studies to detect the
recurrence of phenomena,
such as the environmental and
social consequences of climate
in a region to guide territorial
planning policies (Ferrelli et
al., 2017); the influence of
climate on carbon exchange in
primary forests (Wharton et
al., 2016); remote forcings and
their influence on the air, wa-
ter, and sediment temperature
of a tidal flat (Beigt et al.,
2009); and in the analysis of
the influence of the leading
climate drivers on drought
events (Araneda-Cabrera et
al., 2021).

Results and Discussion

The following subsections
present the variability of tem-
peratures and precipitation in
the Mataquito River basin. In
the case of the periodogram
plots (Fast Fourier Transform
(FFT)), the peak values indi-
cate the typical length of the
pseudocycles that can be asso-
ciated with a phenomenon or
event. In contrast, the Wavelet
plots highlight the variation of
the phenomena in the series of
years in greater intensity.

Atmospheric temperature

The highest intensity of the
temperature spectral signal is

Daily accumulated

Average daily

D Station Sector Manager I%g Sgll;t Coordinates pre%irggfl)tion tem}()oe(r:a;ture
°S °0 Average Period Average Period
1 Potrero Grande Cordillera DGA 445 352 71.1 2.9 1971-2023 12.8 1975-1993
2 Curico Valle DMC 225 349 71.2 1.8 1958-2023] 13.7 1964-2001
3 Licantén Costa DGA 20 35.0 72.0 1.7 2001-2023 ND ND

ND: No Data. Source: Own elaboration based on data declared by station managers.
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seen in the annual cycle (365
days). There is also an inter-
seasonal variation around 180
days, a seasonal variation
around 90 days, and an inter-
annual variation (~1000 days).
There is no marked synoptic
variation. Regarding periodici-
ty, it is appreciated that, in the
case of the station located in
the valley (Curic6), there was
a slight shift of the annual
component in 1972 and 1996,
coinciding with the interannual
variation close to (1000 days);
while in the station in the
foothills (Potrero Grande)
there was a similar shift of the

annual component in 1984
(Figure 2). The change is re-
flected in an anomaly in the
time series of the station in
the mountain range, but not in
the time series of the station
in the valley.

Precipitation

The highest intensity of the
precipitation spectral signal is
seen in the annual cycle (365
days). There is also an inter-
seasonal variation around 180
days, an interannual variation
(~1000 days) and synoptic
variation (<30 days). The

synoptic variations are more
clearly observed at the stations
along the coast (Licantén) and
the mountain range (Potrero
Grande). Additionally, they
exhibit a very pronounced in-
tensity in the indicated varia-
tions. Regarding periodicity, in
addition to the annual pattern,
it can be seen that: a) in the
case of the station located in
the valley, there are events
with high intensity with a pe-
riod of 3 to 10 years; b) in the
case of the coast, an event
with a period of 3 years in
2008; c¢) in the case of the
mountain range, there are high
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Figure 2. Spectral density of daily temperature using Fast Fourier Transform (FFT) and Wavelet, Curico
Station, and Potrero Grande Station. Source: Own elaboration.
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intensities in a dispersed man-
ner, but there is a phenomenon
with a period of every 3 years
(Figure 3).

Conclusions

The climatic variability in
the Mataquito River basin, in
terms of temperature, the val-
ley and foothill stations regis-
ter intensities that coincide
with the annual (365 days),
seasonal (~90 days), and inter-
annual (~1000 days) compo-
nents. In the case of both sta-
tions, the lowest frequencies of
the spectrum reflect phenome-
na with a typical duration of 3
to 7 years, coinciding with the
duration of the El Niflo-
Southern Oscillation (ENSO)
phenomenon. The wavelet plot
for the valley station (Curico)
shows that the annual compo-
nent shift occurs every 22
years. In the case of the yearly
component shift, a more ex-
haustive analysis of the local
conditions of the sector and
the phenomena that originated
it is necessary.

Regarding precipitation, dif-
ferences were observed be-
tween the locations of the sta-
tions, with more significant
variability in the stations locat-
ed on the coast and in the
foothills. The annual and inter-
annual components were ob-
served in the case of tempera-
ture still, a synoptic variation
(<30 days) was added in the
coastal and mountain range
stations. As in the previous
case, the lowest frequencies of
the spectrum reflect phenome-
na with a typical duration of 3
to 7 years, coinciding with the
duration of the El Nifio-
Southern Oscillation (ENSO)
phenomenon. The Wavelet plot
reinforces this aspect.

Climate variability within the
Mataquito River basin exhibits
notable variations across differ-
ent temporal scales and geo-
graphical locations. The ob-
served patterns can contribute
significantly to planning activi-
ties, resources, infrastructure,
and services within the
Mataquito  River  basin.
Understanding these variations
is essential for informed deci-
sion-making regarding water
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Figure 3. Spectral density of daily precipitation using the Fast Fourier Transform (FFT) and Wavelet. Licantén
Station, Curicd Station, and Potrero Grande Station. Source: Own elaboration.

management, land use planning,
and adaptation strategies to mit-
igate the impacts of climate
change on the basin's ecosys-
tems and communities. By rec-
ognizing and analyzing these
patterns, stakeholders can devel-
op more resilient and sustain-
able approaches to addressing
the challenges posed by climate
variability in the region.

For future studies, it is rec-
ommended to analyze the tele-
connection with indicators of
larger-scale climatic phenome-
na such as El Nifio and the
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Pacific Decadal Oscillation,
and the influences of topo cli-
matic effects and local condi-
tions. Furthermore, it would be
desirable to have a more sig-
nificant number of meteorolog-
ical stations. Along these lines,
further analysis should be car-
ried out regarding orography,
location, wind pattern analysis,
and land use.
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