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Abstract This paper analyzes the influence of circulation
anomalies on the magnitude of minimum air temperature
(Tmin) at a daily scale in two important agricultural valleys
of Chile (Maipo and Casablanca) during the period 2001–
2007. A statistical classification of synoptic fields was per-
formed, resulting in eight circulation patterns (CPs, 84 % of
explained variance). The corresponding anomalies of Tmin

(ATmin) of each CP were analyzed in order to understand
their synoptic-scale forcing mechanisms. Results showed a
direct association between ATmin and the synoptic structure.
The average weakening in sea level pressure (SLP) yields
positive ATmin, while negative ATmin is associated with a
strengthening in SLP. In the latter case, it was also found that
a synoptic structure (10.2 % of frequency) corresponding to a
migratory high-pressure system passing eastward across the
Andes led to the lowest ATmin and a higher probability of frost
in both valleys (22 % on average) in winter and springtime.

1 Introduction

Minimum air temperature (Tmin) is one of the most impor-
tant environmental variables in agriculture. Most deciduous
fruit trees require a certain period of low temperatures to
break dormancy (Faust et al. 1997), while low temperatures
during the growing season can limit quality, phenological
development, yields, or geographical distribution of agricul-
tural species (Ashworth 1992; Jackson and Lombard 1993;
Rodrigo 2000). Furthermore, frosts are major climatic haz-
ards in agriculture, being responsible for yield losses and
damage to vegetable crops, orchard trees, or vineyards
(Rodrigo 2000). Early-bloom species can be strongly affect-
ed by frost episodes in springtime, with important econom-
ical impacts (Snyder and de Melo-Abreu 2005).

Local and regional processes at different geographic
scales determine Tmin variability. Microclimatic factors that
modify the surface energy balance and the nocturnal bound-
ary layer structure, such as air and surface water content,
atmospheric stability, or microsite exposure, can enhance or
reduce the longwave radiative loss from a vegetated surface,
thus regulating surface cooling (Oke 1987; Cellier 1993;
Jordan and Smith 1995; Rossi et al. 2002). Along with these
factors, the topographical configuration of complex terrain
can drive the formation of confined structures of air colder
than its surroundings (Whiteman et al. 2001). These lowland
cold air accumulations may be altered by along-valley wind
systems during clear and undisturbed nighttime periods
(Clements et al. 2003) when the valley geometry allows
the development of downslope along-valley flow (Vosper
and Brown 2008). Large-scale atmospheric circulations in-
teract with the above-mentioned local features to produce a
given surface temperature climatology. Strong synoptic
flows can erode the surface shallow air pools (Zhong et al.
2003) or modify surface temperatures by advection of colder
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or warmer air from different latitudes (Zängl 2005). Also,
high-pressure systems are commonly associated with cloud-
less skies and a drier atmosphere, which enhance the long-
wave radiative loss from the land surface and result in a
larger nocturnal cooling (e.g., Zhong et al. 2001).

Several studies have been conducted to analyze the in-
fluence of synoptic structures on extreme surface air temper-
atures. For South America, these studies have focused
mostly on cold air episodic events in the eastern part of
the continent (e.g., Vera and Vigliarolo 2000; Müller 2007,
2010; Rusticucci 2012). For instance, Marengo et al. (1997)
described synoptic-scale cold air incursions, so-called cold
surges, as an important phenomenon responsible for strong
frost episodes in eastern South America, causing extended
agricultural damage. In these cases, as also explained by
Garreaud (2000, 2001), cold advection produced by a south-
erly synoptic flow resulting from a strong surface pressure
gradient in southern South America drives a low-level wind
that brings cold air from polar latitudes to the continent.
High-pressure anomalies and southerly surface circulation
were found as the most important large-scale factors linked
to persistent low temperatures and frost episodes over
regions of southeastern South America (Müller et al. 2003,
2005; Müller and Berri 2007, 2012).

Considering the lack of studies on Tmin for western extra-
tropical South America, the present work aims at under-
standing the synoptic-scale forcing mechanisms of Tmin for
two important Chilean agricultural zones: the Maipo and
Casablanca valleys. Our working hypothesis is that for the
particular zone considered, local factors, such as topography
and surface energy balance, may be superimposed on the
large-scale configuration and dynamics to explain the local
Tmin climatology. A statistical classification of sea level
pressure (SLP) patterns was performed in order to characterize
the dominant regional circulation anomalies. Then, the mini-
mum temperature anomalies (ATmin) and frost probabilities
are associated with the different circulation patterns (CPs).
The current study is motivated by the importance of the two
selected valleys as areas of agriculture production (see
“Section 2.1”) and the relevance of Tmin as an environmental
constraint for successful cultivation of agricultural species.
Results presented below account for the direct influence of
synoptic systems as large-scale factors on Tmin, which is
highly relevant for agricultural activities.

2 Data and methodology

2.1 Study area and data

The Maipo and Casablanca valleys are located in central
Chile (Fig. 1). This region is characterized by a complex

topography and by the presence of two mountain systems
that bound a central depression: the Andes Cordillera to the
east and the Coastal mountain range to the west. Agriculture,
which is carried out mainly at the bottom of the valleys,
represents one of the main economical activities. The Maipo
Valley, with an agricultural surface of ~2,500 km2, is charac-
terized by the cultivation of fruits trees, horticultural crops,
and viticulture. In the Casablanca Valley (~220 km2), which is
located on the Coastal range, grapevine cultivation is the most
important agricultural activity, being recognized as one of
most suitable zones for producing white wines in Chile
(Montes et al. 2012). The regional climate is characterized
by annual rainfall (~400 mm year−1 in a regional average)
concentrated in winter months (Falvey and Garreaud 2007)
and by an interannual variability highly regulated by the El
Niño-Southern Oscillation phenomenon, showing above (be-
low) than normal amounts during El Niño (La Niña) years
(Montecinos and Aceituno 2003). The synoptic variability is
larger in winter months due to the more frequent passage of
extratropical frontal systems across central Chile (Garreaud
and Aceituno 2007), and the influence of the subtropical
anticyclone of the southeastern Pacific induces a large preva-
lence of clear-sky days and weak synoptic pressure gradients
over the region. Daily temperatures decrease from inland to
coastal zones (e.g., Montes et al. 2012) and springtimemonths
have been reported as those with higher threat of frost for
agricultural species.

Data from three weather stations located in the
valleys of Maipo (Codigua and La Platina stations, 33.76°S
71.32°W, and 33.57°S 70.62°W, respectively) and Casablanca
(Casablanca station, 33.32°S 71.44°W) were analyzed
(Fig. 1). Daily Tmin measurements were considered for the
available period, 1 January 2001 to 31 December 2007. It
should be noted that although the use of a larger dataset could
allow for a more detailed description of the within-valley Tmin

variability, the large-scale approach of this study and the
valley's spatial dimensions suggest that the three selected
stations are sufficient to represent the main Tmin features
associated to the synoptic-scale analysis. In order to perform
the synoptic classification, daily fields of SLP and wind
components for the same period (2001–2007) were obtained
from the European Centre for Medium-Range Weather
Forecast reanalysis (ECMWF 2010) (horizontal resolu-
tion of 1.0° latitude by 1.0° longitude). The domain
chosen extends from the Equator to 60°S latitude and
from 40°W to 100°W longitude, which allowed us to
include the main large-scale factors influencing the at-
mospheric circulation over the study area, such as the
Andes Cordillera and the adjacent Pacific Ocean. Prior to the
analysis, anomalies of Tmin, SLP, zonal and meridional wind
components for the time series, and grid points were obtained
by removing the annual cycle after subtracting from each daily
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value the corresponding long-term 2001–2007 average for
each day.

2.2 Statistical classification procedure

A synoptic classification of SLP fields was performed using
an eigenvector-based method (e.g., Romero et al. 1999;
Jiménez et al. 2009). First, a Principal Components Analysis
(PCA) was applied to the covariance matrix of SLP anomalies
to retain the main modes of variation according to the Scree
test of Cattell (1966), which considers the analysis of the
relationship between the explained variance (or the eigenvalue
magnitude) and the component number to select the modes to
retain. In order to conserve the orthogonal structure of the
PCA factor loadings, the obtained components were rotated
using the Varimax method (Richman 1986). Second, a two-
step Cluster Analysis (CA) was applied to the previously
selected modes of variation. In the first step, a hierar-
chical CA was performed using the Euclidean Distance

as a measure of similarity, which for days a and b is
defined as (Wilks 2006):

dab ¼ 1

Nab

XNab

i¼1

SLPai � SLPbið Þ2
" #1 2=

; ð1Þ

where dab is the average Euclidean Distance calculated over
the Nab points for days a and b. After calculating the similarity
coefficient, the Ward's hierarchical method (Ward 1963) was
used as the grouping algorithm. Similar to the PCAmodes, the
number of clusters was selected by plotting the distance
between merged clusters and the number of formed clusters
at the respective stage. The change in the slope of this rela-
tionship was used as an indicator of the appropriate number of
clusters to be retained (see Wilks 2006 for method's descrip-
tion). As a second step of the CA, the nonhierarchical kmeans
analysis (Anderberg 1973) was performed for the number of
clusters previously found. As a way to ensure that the analysis
was centered on the study area, the procedure was performed

Fig. 1 Location and topography of the study area, and position of the
weather stations (black circles). Csb Casablanca, Cod Codigua, Lp La
Platina. Bar in meters above sea level. Thin lines delimit the Maipo and

Casablanca valleys and thick lines are administrative divisions (omitted in
topographic map for a better appreciation). The darker polygon in the
Maipo Valley shows the city of Santiago
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over the geographical window defined by 60°W–90°W
longitude and 20°S–45°S latitude (Fig. 2). However, for a
better appreciation of the synoptic structures, the resulting
pressure patterns were displayed over the full domain of the
SLP fields. After the statistical classification, composites of
wind vector fields were displayed and analyzed from the
corresponding u and v components, and the ATmin of the
corresponding days of each SLP group (or CP) were analyzed
for the three weather stations. Finally, a one-way analysis of
variance (ANOVA) was undertaken to compare the mean
ATmin of each CP for individual stations, and the significant
differences (α 0 0.05) were separated with a one-way Tukey's
multiple comparison test.

3 Results and discussion

Figure 3 shows the monthly distributions of daily Tmin for
the three weather stations. As monthly averages for 2001–
2007, the lower values are reached in June (2.8 °C, 2.7 °C, and
4.0 °C for Casablanca, La Platina, and Codigua, respectively),
whereas the maximum values are reached in December
(9.4 °C, 12.3 °C, and 11.9 °C, respectively). Temperatures
below and near 0 °C occur from April to September.
However, a large monthly dispersion is observed for the whole
annual cycle, indicating an important interdaily variability that
is larger in the cold season. A clear difference in Tmin appears
for the three weather stations. For the entire period, Casablanca
shows the lowest mean annual Tmin (6.7 °C), followed by La
Platina (7.7 °C), and Codigua (8.8 °C). Several factors that
influence the local behavior of air temperature may explain the
observed differences between the three zones, e.g., regional
elements, such as the sea proximity, the influence of themarine

boundary layer in the coastal zone, or the topographic config-
uration (Montes 2010), but these issues are not addressed in
this work.

The first step of the statistical procedure was to apply the
PCA to the selected geographical window (see Fig. 2) to
calculate the most relevant modes of variation of SLP and
then to perform the classification procedure. The explained
variance of the first ten PCA modes is shown in Fig. 4a. The
slope break after the third principal component suggests that
three modes (explaining 84 % of the total variance) should
be retained for the CA procedure. Figure 4b shows the
distance between clusters sequentially merged versus the
number of formed groups. A large increase in the distance
between two merged clusters is used as an indicator of when
the algorithm should be stopped, since at this point, two very
different clusters are merged (e.g., Jiménez et al. 2008).
Figure 4b shows an increase in the Euclidean Distance at the
fourth and eighth steps, suggesting an adequate number of five
or nine groups of PCA to be retained. The exploration of the
obtained CPs showed that the selection of five clusters ex-
cluded some relevant synoptic patterns, and very similar SLP
structures appeared after the eighth cluster, so that a total of
eight clusters have been selected for the subsequent analysis.

3.1 Surface circulation patterns (CPs)

The composites of SLP anomalies and wind vectors for the
eight groups obtained with the classification procedure are
displayed in Fig. 5. Their mean monthly relative frequency
is presented in Fig. 6. The physical significance of the CPs
associated with each cluster can be assessed by considering
their SLP structure, seasonal frequency, and pressure disturban-
ce's strength and position, as discussed next. Also, for a better
interpretation of the mean CPs, the average field of SLP and
wind vectors for the entire period 2001–2007 is shown in Fig. 2.

CP1 (Fig. 5a) is characterized by a deep field of positive
SLP anomalies centered to the southwest of the continent
over the Southeastern Pacific (n10170, 6.6 % of total SLP
fields), corresponding to a strengthening of the South Pacific
anticyclone (shown as a climatological feature in Fig. 2) pre-
vailing in the cold season and springtime (Fig. 6). The rein-
forced southerly surface circulation over the western part of
the continent can bring colder-than-average air from higher
latitudes to practically the whole Chilean territory. In addition,
this synoptic structure could be related to a higher frequency
of clear sky conditions, given the associated high pressures
(e.g., Trigo et al. 2002). With a similar structure to CP1, CP2
(n0439, 17.2 %) consists of a high-pressure configuration
located closer to the continent, but with a relative southward
displacement and lower SLP anomalies. CP1 and CP2 show
an opposite seasonal occurrence, CP2 being more frequent in

Fig. 2 Average composite of sea level pressure (hectopascals) and
wind vectors (meter per second; reference vector at the bottom) for
period 2001–2007. Only wind vectors with magnitude higher than 1 m
s−1 are shown. Interior rectangle corresponds to the geographical
window used for the statistical classification 1 Indicates the number of SLP fields forming each CP.
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the warm season (Fig. 6). The circulation features found in
these two patterns resemble the average conditions, also show-
ing the seasonal behavior of the South Pacific anticyclone (e.g.,

Compagnucci and Salles 1997). In addition, the larger number
of elements of CP2 shows the prevalence of the high pressures
in the summer, which limits and regulates the synoptic vari-
ability in Chile during these months (Satymurty et al. 1998;
Garreaud and Aceituno 2007).

Strong negative anomalies of SLP were found for CP3 (n0
329, 12.9 %) and slightly weaker for CP4 (n0469, 18.3 %)
(Fig. 5c and d, respectively). CP3 shows a deep average low
pressure over the adjacent Pacific Ocean and a northerly
circulation associated with an increase in cyclonic activity
(e.g., during the passage of extratropical frontal systems) that
occurs more frequently in winter months (Fig. 6) after the
weakening of the high pressures. CP4 shows a similar synop-
tic configuration of SLP and surface wind as CP3, but its more
southern position and lower depth together with its more
uniform annual occurrence (Fig. 6) suggest that CP4 corre-
sponds to a low-pressure composite associated with the higher
cyclonic activity in southern Chile. The northerly flow over
central Chile that favors a warmer air advection appears to be
more important for CP3 than for CP4.

The CPs of CP5 (n0168, 6.6 %) and CP6 (n0270,
10.5 %) (Fig. 5e and f, respectively) show large low-
pressure systems such as in CP3 and CP4 but extend over
the continent. These structures can be associated with the
previously described CPs but in a subsequent phase with the
cyclonic systems moving over Argentina. The associated
circulations along the coast of central Chile change from a
dominant negative meridional component for CP5 to a pos-
itive one for CP6, which modify their advective properties.
The synoptic structure of CP5 reveals the orographic effect
of the Andes on the SLP field, since the westerly flow can
be perturbed by the presence of the highlands, which height
descends from over 5,000 m in the north to ~2,000 m in the
south; this effect was found initially by Lichtenstein (1989)
and then discussed by other authors (e.g. Compagnucci and
Salles 1997).

A high-pressure field in southern Chile extending over
Argentina characterizes the CP7 (n0261, 10.3 %), which
presents a high prevalence of occurrence in winter and

Fig. 3 Boxplots of monthly
distributions of daily minimum
temperature (2001–2007) in
Casablanca, La Platina, and
Codigua. For each box, the
central mark shows the median,
the edges of the box are the
25th and 75th percentiles, the
lines extend to the most extreme
values not considered outliers,
and outliers are plotted
individually (plus sign)

Fig. 4 a Explained variance by the ten leading PCA modes of SLP
(Scree test). b Distance between two merged clusters and the number
of formed clusters
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Fig. 5 Composites of sea level
pressure (contoured every
2 hPa, positive isobars in bold)
and wind vectors anomalies
(meter per second; reference
vector at the bottom) for the
resulting circulation patterns.
Only wind vectors with
magnitude higher than 1 m s−1

are shown. The geographical
window in which the
classification was performed is
also displayed (interior
rectangle)
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spring (Fig. 6). This corresponds to a migratory anticyclone
crossing the southern Andes, generating a strong meridional
pressure gradient over central Chile, which is associated
with anomalies of easterly flow. Rutllant and Garreaud
(2004) previously described this structure as responsible
for intense downslope wind events in the valleys of central
Chile, such as the Maipo Valley, locally known as Raco
wind, generated by the geostrophic response to the surface
pressure gradient. Also, this general synoptic pattern was
identified as responsible of the development of coastal lows
(or coastal troughs) over central Chile. Under such condi-
tions, easterly winds depress the atmospheric boundary lay-
er, and the adiabatically warmed air allows dominant clear
skies and warm and dry days over the region (Garreaud et al.
2002; Garreaud and Rutllant 2003).

Finally, for CP8 (n0450, 17.6 %) a dipole of low and
high SLP anomalies between the Pacific Ocean and the
continent was revealed. An anomalous high-pressure area
covering Argentina dominates the east side and a deep
depression exists to the west, generating a strong zonal
surface pressure gradient over Chile. A similar structure
associated with cold conditions over Argentina was found
by Escobar and Bischoff (1999). Given its occurrence during
winter (Fig. 6), CP8 could be connected with some midlati-
tude cold high pressures described previously (CP7) but in a
subsequent phase, thus producing a different surface circula-
tion. The high-pressure system passing through southern
Chile can reach the eastern part of the continent acting like a
blocking system to lower pressures, which, in some cases, can
be responsible for lower-than-normal temperatures over the
continent (Pezza and Ambrizzi 2005; Müller and Berri 2007,
2012).

3.2 Circulation patterns (CPs) and minimum temperatures

The influence of the eight CPs on Tmin in the Maipo and
Casablanca valleys was investigated by calculating the devi-
ations from the average temperature for the entire period

2001–2007 and the respective average value associated with
each CP. The mean anomalies of Tmin associated with the
eight CPs are presented in Fig. 7.

Figure 7 shows that CP3 and CP5 have higher positive
deviations in Tmin (2.3 °C and 1.3 °C for the three weather
stations on average, respectively), presenting significant differ-
ences for La Platina and Codigua stations. These low-pressure
configurations associated to CP3 and CP5 are responsible for
cloudy days and rainfall events, so that higher minimumATmin

are observed. Under these conditions, a less intense outgoing
surface radiative flux and an enhanced incoming longwave
radiation along with a large-scale northerly wind component
can generate relatively high ATmin by reducing nocturnal cool-
ing and bringing warmer air from lower latitudes. The more
inland condition of La Platina station can explain the lower
observed ATmin under weather conditions of CP5, since the
northerly component is stronger over the adjacent ocean
(Fig. 5e). For a complex mountainous terrain in Japan, Iijima
and Shinoda (2002) found that the increase in seasonal
(summer to autumn) intensity of nocturnal cooling was
explained mainly by the reduction in incoming atmospheric
radiation due to a lower air water content than by the decrease
in outgoing longwave radiation due to the reduction in surface

Fig. 7 Mean anomalies of minimum temperatures (circles) and stan-
dard deviation (horizontal lines) for the eight circulation patterns.
Different letters denote significant differences among CPs for individ-
ual weather stations (for example, for Casablanca station, CP1 and CP2
shows significant differences, being ATmin of CP2 (b) higher than CP1
(c), and CP3 (a) with CP5 (a) are statistically equals) after a one-way
ANOVA and Tukey's test (p≤0.05)

Fig. 6 Average monthly relative frequency of the eight circulation
patterns. Color bar in fractional units
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temperature, showing the high importance of cloudiness in
determining surface temperature. Similar between stations,
slightly positive and near to zero ATmin are associated with
CP2, CP4, CP6, and CP8 (Fig. 7). These synoptic structures
show very different configurations with weak surface wind
anomalies and pressure gradients over the study area, so these
structures are possibly more relevant over the southern part of
the country, as observed at the bottom of the domain window
used for the classification. Statistical differences are observed
only in La Platina station for ATmin under these CPs.

CP1 and CP7 show negative anomalies of minimum tem-
peratures (Fig. 7) (−1.7 °C and −2.7 °C for the three weather
stations on average, respectively). The high pressures associ-
ated with CP1 generate cloudless skies that allow an enhanced
surface cooling and cold air advection from higher latitudes in
winter and spring months, in association with reinforcing of
high-pressures (Fig. 2). In the classification of frost-related
SLP patterns performed byMüller et al. (2003), high pressures
were recognized as responsible for strong frost events over the
wet Pampas region of Argentina.

CP7 showed the lowest ATmin, which are statistically
different for Casablanca and Codigua stations in relation to
others CPs and equal to CP1 for La Platina station. As
mentioned in the previous section, the easterly and subsid-
ing flow over central Chile generated by the strong merid-
ional southern SLP gradient can produce clear skies and a
very dry nocturnal boundary layer, leading to an enhanced
radiative cooling. Surface air in low elevation zones of
central valleys remains within a cold-air pool in nighttime
and early morning, which results in low Tmin. Interestingly,
in the valleys of higher elevation and closer to the Andes,
these Raco events induce anomalously warm nights (Rutllant
and Garreaud 2004). The lower ATmin observed in Casablanca
and Codigua could be related to their closer proximity to the
sea than La Platina. The advection of cool marine air inland
during the diurnal phase of the sea breeze circulation system
induces a lowering of daily maximum temperatures in coastal
stations, so that the overall large nocturnal cooling rates gen-
erated during the CP7 atmospheric conditions may allow
lower nocturnal temperatures to be reached in areas closer to
the sea as compared to more inland stations (e.g.,Whiteman et
al. 2004; Bonnardot et al. 2005). The influence of the Andes
on this CP modifies its three-dimensional structure leading to
a relative low pressure in the western part of the continent,
which, in some cases, can lead to an increase in low cloudiness
at the north of the low pressure (e.g., Garreaud et al. 2002;
Vera et al. 2002). In a larger scale analysis, Müller and
Berri (2007, 2012) found this dynamic structure respon-
sible for persistent frosts over eastern South America,
generating strong cold air advection by southerly wind
anomalies.

Considering the different ATmin behavior showed by the
eight CPs and its relevance for agricultural activities, the

frost probability associated with each CP was calculated
(Fig. 8). This was obtained by the simple ratio between the
number of observed days with Tmin lower than 0 °C and the
total number of observations for the three weather stations.
Consistent with their mean Tmin differences (Fig. 3), the
Casablanca station has, in general, the highest frost proba-
bilities, followed by La Platina and Codigua stations. In CPs
2, 3, 4, 5, and 6, there is a frost probability close to zero,
with only a few occurrences in the 7-year period that was
analyzed. Among the eight CPs, CP7 stands out as the one
with the highest frost probability (27.6 %, 21.2 %, and
14.7 % for Casablanca, La Platina, and Codigua, respective-
ly), followed by CP1 (10.9 %, 9.4 %, and 3.3 %, respec-
tively) and CP8 (7.8 %, 4.4 %, and 2.2 %, respectively).
Finally, the annual distribution of CPs 1, CP7, and CP8
(Fig. 6) suggests that they can be responsible for winter
and spring frosts that can cause damages to winter crops
and early-bloom fruits trees and vineyards, a period in
which many agricultural species are susceptible to injuries
by low temperatures (Rodrigo 2000).

4 Conclusions

The influence of large-scale atmospheric structures on Tmin

over two Chilean agricultural valleys was analyzed for the
period between January 2001 and December 2007. A statis-
tical synoptic classification of SLP fields led to eight CPs
with distinctive spatial and temporal characteristics. The
mean anomalies of Tmin (ATmin) for each CP were related
to the different circulation types.

Although some CPs resulted in similar ATmin, it was pos-
sible to find a direct link between circulation and minimum
temperatures. CPs occurring most frequently in summer
months (CP2 and CP6) are not responsible for substantial
variations in Tmin, presenting anomalies of temperature near
0 °C. This is in agreement with the well-known southward

Fig. 8 Frost probability for the eight circulation patterns in Casa-
blanca, La Platina, and Codigua
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displacement of the subtropical anticyclone in the summer,
which limits the arrival of perturbations from higher latitudes,
therefore, reducing the synoptic-scale variability in central
Chile. The relatively high average ATmin of CP2 and CP6
might not represent a major concern for agricultural crops
grown in the Maipo and Casablanca valleys, given also that
a very low frost risk can be linked to these pressure patterns.

During the cold season, a higher variability in CPs and
temperatures was found. In general, positive (negative) SLP
anomalies are related to negative (positive) ATmin. The
higher anomalies of temperatures are associated with a deep
low-pressure structure (CP3) centered over the Pacific Ocean,
which could be related to rainfall events during the arrival of
frontal systems to the region or to the presence of cyclonic
activity that favors formation of clouds. Therefore, the arrival
of warmer air from the north can be expected with an increase
in ATmin. Conversely, the strengthening in high pressures
allows a significant decrease in ATmin, with negative anoma-
lies in the two valleys (CP1) with a larger occurrence in winter
months. A migratory cold high was responsible for the lowest
values of ATmin and a higher frost probability in CP7, which
makes this structure the most important from an agricultural
perspective, particularly for winter crops. Also, species such
as fruit tree orchards or grapevines could be affected by
springtime frosts under this synoptic structure.

Finally, a better understanding of the dynamics of large-
scale atmospheric forcing on Tmin in the Maipo and
Casablanca valleys requires the study of other related factors
and atmospheric variables at different spatial and temporal
scales, such as radiative fluxes and air humidity. Numerical
modeling of meso- and microscale aspects of the problem,
such as local circulations, together with more detailed obser-
vations will be needed in future research in order to under-
stand the finer scale variability of Tmin in the valleys.
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