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[1] We present the first spatially and temporally highly
resolved gridded reconstruction of multi-centennial
precipitation variability for southern South America (SSA).
A novel reconstruction approach of deriving 10,000
ensemble members based on varying predictor networks
and methodological settings allows the identification of
spatiotemporal changes in SSA precipitation and associated
uncertainties. The summer and winter reconstructions
back to AD 1498 and AD 1590, respectively, provide
new evidence for multi-centennial increase in summer
precipitation and an opposing decrease in winter
precipitation into the 20th century. The drying in winter
is significant over large parts of SSA, whereas the
patterns for summer, possibly representing convective
rainfall, have displayed high spatial variability. The fact
that such long-term seasonal and spatial changes have
occurred in the past, underlines the complex form that
hydroclimatic variability might have in the future. This
emphasizes the need for careful adaptation strategies as
governments become attuned to the realities of climate
change. Citation: Neukom, R., J. Luterbacher, R. Villalba,
M. Kiittel, D. Frank, P. D. Jones, M. Grosjean, J. Esper, L. Lopez,
and H. Wanner (2010), Multi-centennial summer and winter precip-
itation variability in southern South America, Geophys. Res. Lett.,
37, 114708, doi:10.1029/2010GL043680.

1. Introduction

[2] The fundamental dependence of all living beings on
water makes projected spatial, temporal, and seasonal var-
iations in water-supply a critical factor in determining how
well societies can adapt to on-going climate change. Fur-
thermore, changes in the seasonal patterns and cycles may
also have significant consequences on snow versus rain
totals, runoff rates and ecosystem functioning and accord-
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ingly require new agricultural practices. Knowledge of past
variations in the hydrological cycle is of crucial importance
for placing recent moisture changes on local, regional and
continental scales into a long term context and understand-
ing the processes driving these changes [Jansen et al., 2007;
Jones et al., 2009]. However, gridded (proxy based) recon-
structions of moisture variability are still rare and predom-
inantly restricted to the Northern Hemisphere [e.g., Cook
et al., 2004, 2010; Pauling et al., 2006], mostly due to the
limited number of annually-resolved precipitation-sensitive
proxy data available.

[3] Due to the modulating effect of the Andes and the
influence of distinct oceanic and atmospheric patterns such
as the El Nino-Southern Oscillation, the Southern Annular
Mode, and the South American Summer Monsoon, South
America’s precipitation regime is particularly variable [e.g.,
Garreaud et al., 2009] (see also Figure 1). Considering that
South America’s economies and societies are highly
dependent on hydropower generation and irrigation [Magrin
et al., 2007], it is important to quantify past and present
precipitation variability and extremes in this region as
detailed as possible.

[4] In southern South America (SSA, south of 20°S), the
number of precipitation-sensitive records from paleoclimatic
archives, such as tree rings [Boninsegna et al., 2009], docu-
mentary evidence [e.g., Neukom et al., 2009] and lake sedi-
ments [e.g., Moy et al., 2009] has significantly increased
within the last decade. Herein, we combine the currently
available annually or higher resolved paleoclimatic evi-
dence with long instrumental data to derive gridded (0.5° x
0.5°), seasonal SSA precipitation reconstructions. Sepa-
rately reconstructed austral summer and winter precipita-
tion fields with associated uncertainties are provided back
to the late 15th (summer) and 16th (winter) centuries. These
reconstructions represent the first spatially explicit estimates
of large-scale SSA precipitation prior to the instrumental era.

2. Data and Methods

2.1.

[5] We use the new 0.5° x 0.5° and monthly resolved
CRU TS 3 gridded precipitation dataset (updated from
Mitchell and Jones [2005]) covering 1901-2006 as instru-
mental target. The SSA region is defined as all land grid
cells between 20°S-55°S and 80°W-30°W. The recon-
structions are performed for austral summer (December to
February; DJF) and winter (June to August; JJA). These
seasons were selected based upon tests of the optimal sea-
sonal response windows of the proxy records (not shown).
We used the period 1931-1995 for generating ensemble
calibration/verification reconstructions. Before 1931, the

Instrumental Calibration Data

1of6


http://dx.doi.org/10.1029/2010GL043680

L14708 NEUKOM ET AL.: SOUTH AMERICAN PRECIPITATION VARIABILITY L14708
£ {a)DJF
N
&
.
L]
§ 4 [mm]
&
.
T T T T T T T T T
80°W 70°W 60°W 50°W 40°W80°W 70°W 60°W 50°W 40°W
8 4 c) DJF| © Tree rings @ Marine Sediment O Ice Core ® Instrumental
”o @ Documentary @ Coral O Speleothem
T < T
S
0o |
QN
14
G
23 4d)JJA
£
2%
N S e
T T T T T T
1500 1600 1700 1800 1900 2000

Year

Figure 1. Locations of the predictors used for the (a) summer and (b) winter reconstructions. The size of the circles repre-
sents the lengths of the series (smallest: 90 years, largest: >1000 years). The reconstruction area is marked by a dashed margin
in the small maps. Shaded colors in the SSA-maps represent the 1931-1995 average precipitation [mm]. Notice the different
scale in the reddish and bluish colors. The contour lines indicate precipitation standard deviations 1931-1995 [mm].
Temporal evolution of the number of predictors used for (¢) summer and (d) winter.

quality of the gridded data is reduced due to a strong decline
in available station data [see, e.g., Garreaud et al., 2009;
Neukom et al., 2010].

2.2. Predictor Data

[6] As a basis for the selection of the predictors, we use
the SSA proxy network established by Neukom et al. [2010]
consisting of 144 natural proxies (tree rings, ice cores,
corals, speleothems, lake and marine sediments) and docu-
mentary records sensitive to SSA climate. From this network,
the records significantly correlating with the instrumental
target in the overlapping period are selected (see auxiliary
material).! Additionally, long instrumental precipitation
series from SSA (GHCN [Peterson and Vose, 1997]) with
data prior to 1920 and covering at least 50 years within the
1931-1995 calibration window are included as predictors.
Table S1 (Table S2) presents the final predictor network
consisting of 33 (31) proxy records and 41 (42) instrumental

'Auxiliary materials are available in the HTML. doi:10.1029/
2010GL043680.

series for summer (winter). The locations of the proxies as
well as their temporal availability are shown in Figure 1.
Some of the proxy records are related to SSA precipitation by
large-scale teleconnection patterns [e.g., Villalba et al.,
1997]. Neukom et al. [2010] showed that consideration of
such remote proxies can substantially improve SSA climate
reconstructions. The selected predictors are fully indepen-
dent from those used by Neukom et al. [2010] to reconstruct
seasonal temperature fields. Missing values (<0.1%) in the
predictor matrices during the calibration period were esti-
mated using an EOF (empirical orthogonal functions) based
algorithm [Neukom et al., 2010; Scherrer and Appenzeller,
2006].

2.3. Reconstruction Methodology

[7] We performed the reconstructions using ordinary least
squares principal component regression (PCR) [e.g., Kiittel
et al., 2010; Luterbacher et al., 2002, 2004; Neukom et al.,
2010; Pauling et al., 2006; Xoplaki et al., 2005]. In
PCR, transfer functions between a certain number of prin-
cipal components of the predictor and instrumental data
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are established in the calibration period using multiple
linear regressions. This relationship is then used to predict
the values of the predictand in the reconstruction period
based on the assumption that the relationship is linear and
stable over time (see Luterbacher et al. [2002] for a detailed
discussion of the methodology). As the number of available
predictors changes over time (Figures 1c and 1d and Tables S1
and S2), individual regression models are calculated using
at each time step the maximum number of available pre-
dictors, resulting in a total of 88 (86) statistical models for
winter (summer). To avoid variance biases due to the
decreasing number of predictors back in time [e.g., Cook
et al., 2004; Frank et al., 2007], the reconstructions of each
model were scaled to the variance of the instrumental target
in the 1931-1995 overlap period. It is well known that
the selection of the predictors, calibration and verification
periods, as well as parameters within the reconstruction
methodology influence reconstructed values [e.g., Rutherford
et al., 2005; Wahl and Ammann, 2007]. Yet, as objective
selection criteria are largely missing, we derive an ensemble
of 10,000 reconstructions, with each member being based on
different reconstruction settings [see also Frank et al., 2010;
van der Schrier et al., 2007]. The settings are varied for each
ensemble member by randomly (1) withholding five pre-
dictors from the predictor dataset; (2) choosing 43 (non-
successive) years (corresponds to two thirds of all years)
within the 1931-1995 overlap period for calibration. The
remaining third (22 years) are used for verification; (3) varying
the percentage of total variance explained by the retained
PCs between 60% and 95%, corresponding to 8 (1) to 39 (13)
PCs of the instrumental (predictor) data matrix. This is done
individually for the instrumental as well as predictor matrices.

[s] Even with these settings, not all parameters in the
reconstruction methodology are objectively considered. For
example, withholding five predictors is a compromise
between allowing reconstructions to be derived reasonably
far back in time and introducing sufficient variability between
ensemble members. Further, the range of PCs chosen to be
retained is somewhat arbitrary, however representing the
range commonly used in comparable reconstructions. Con-
sequently, we obtain a distribution function for the recon-
structed values, rather than a single value as for conventional
methodologies. For the reconstruction of precipitation P at
each location and time step, median values of the ensemble
members (see Figure S1) are calculated. In order to minimize
variance biases due to changes in the correlations between
the 10,000 realizations, P is variance adjusted using the
RUNNINGr-adjustment described by Frank et al. [2007]. It
must be noted that uncertainties that may arise from sys-
tematic methodological biases, such as variance losses and
mean biases [e.g., Smerdon et al., 2010, and references
therein], are not captured by our ensemble approach. Pre-
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dictor data availability allows the reconstruction of SSA
summer (winter) precipitation back to AD 1498 (1590),
where eight predictors are available. Other reconstruction
techniques were also tested (composite plus scaling and
regularized expectation maximization). They yielded similar
ensemble means, but lower regression skills and occasionally
extreme outliers of single ensemble members [see also
Neukom et al., 2010; Wilson et al., 2010]. We therefore
confine our analysis to the results of PCR.

3. Results and Discussion

[s] The reconstructed spatial precipitation patterns, dis-
played as century-averaged anomalies relative to the 1931—
1995 mean, indicate that austral summers of the 17th to 19th
centuries were in most regions drier than climatology, par-
ticularly in the La Plata Basin and Patagonia (Figure 2).
Anomalously wet conditions prevailed during this period in
the subtropical Andes, north-eastern SSA and Tierra del Fuego.
The 16th century shows a different picture with mostly pos-
itive (negative) anomalies north (south) of approximately 37°
S. Except for some regions in northern Patagonia, Tierra del
Fuego and north-eastern SSA, 17th to 19th century austral
winters were generally wetter than climatology. The maps in
the bottom row of Figure 2 depict the areas where the 1931—
1995 period was drier (red) or wetter (blue) than all pre-
ceding centuries. Dark shadings delineate areas where all of
the four (three) previous centuries were significantly (p <
0.05; Wilcoxon test) drier or wetter than the 1931-1995
summers (winters). Modern summer conditions (1931-1995)
are reconstructed to be significantly wetter than any of the
preceding centuries’ mean over entire Patagonia. Parts of
north-western Argentina and north-eastern SSA are in con-
trast found to be drier. In winter, significant drying can be
found across large areas of SSA. The only region where the
change is significant and of the same sign in both seasons (dry
1931-1995) is north-western Argentina. Although we have
shown how precipitation varies in space throughout time, it is
also interesting to assess the temporal changes averaged over
particular regions and the entire SSA domain. This is shown
in Figure 3 (for alternative illustrations of the ensemble
members see Figures S2-S5, statistical skill measures see
section S3 and Figures S6-S12 of Text S1). Averaged over
SSA, reconstructed summers are generally drier than clima-
tology between 1600-1930 but slightly wetter in the 16th
century. Winter conditions in the 17th to 19th centuries reveal
an opposite picture with reconstructed precipitation mostly
being above climatology. The robustness of these conclusions
clearly changes over time, with the spread of the ensemble
members decreasing towards the end of the 19th century
when instrumental predictors become increasingly available.
As an independent validation, Figure 3¢ shows our recon-

Figure 2. Average precipitation anomalies of the 16th (top row, only for summer), 17th (second row), 18th (third row)
and 19th (fourth row) centuries relative to the calibration period (1931-1995). Contour lines indicate the average inter-
annual reconstruction uncertainties in the respective century, defined as the root mean squared difference between the
ensemble median P and the 5th and 95th percentiles of the ensembles, respectively. All values are shown relative to
the instrumental standard deviation 1931-1995 in order to take account of the large regional variations in precipitation
within SSA (Figure 1). Fifth row: Areas where all of the four (three) previous centuries were drier or wetter than the
1931-1995 summers (winters). Dark colors indicate significant results (p < 0.05; Wilcoxon test). Left: summer; right:

winter.
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Figure 3. Percentiles of the reconstruction ensembles. Each line represents a percentile. The area between the black lines
encloses all (100%) members; the area between the lowest (1st percentile) and the highest blue lines (99th percentile)
encloses 98% of the members, and so on. SSA mean summer (winter) precipitation reconstruction (a) 1498—1995 and
(b) 1590-1995, anomalous to the 1931-1995 average. Bold lines: 30-year Gaussian filtered ensemble median (black)
and CRU gridded (green) precipitation. (c) 30-year Gaussian filtered annual precipitation (sum of summer and winter
accounting for 63% of the annual instrumental precipitation totals) in the catchment area of Laguna Mar Chiquita and
the lake level reconstruction of Piovano et al. [2009] (black, green points are dated, other dates are linearly interpolated).
(d) 30-year filtered Central Chile annual precipitation (sum of summer and winter accounting for 78% of annual instrumental
totals) compared to the results of Le Quesne et al. [2009] (black, 30-year filter).

struction (sum of summer and winter) averaged over the
catchment area of the Laguna Mar Chiquita in northern
Argentina along with the lake level reconstruction by
Piovano et al. [2009] (for methodological details see the
auxiliary material). Both curves indicate dry conditions
between 1770 and 1950, followed by a sharp increase
towards present. The pluvial period in the first half of the
19th century in our reconstruction is, however, not confirmed
by the lake level reconstruction. In this period, the spread of
our ensemble members is relatively large, indicating
reduced reliability of the median values. Figure 3d presents
our reconstruction (sum of summer and winter) in Central
Chile along with the tree-ring based annual precipitation
reconstruction of Le Quesne et al. [2009]. Again, the two
reconstructions show similar decadal-scale fluctuations and
the period with the largest discrepancy (early 18th century)
corresponds to an episode of reduced agreement among
ensemble members. Both validations reveal a good agree-
ment over the data rich 20th century, indicating increasing
(decreasing) precipitation amounts in the Laguna Mar
Chiquita (Central Chile). Further back in time, reconstruction
uncertainties (i.e. the spread of the ensemble members)
increase and the agreement with the independent reconstruc-
tions decreases. We suggest that the dissimilarities are mainly
due to the different target seasons (annual vs. sum of sum-
mer and winter), the decreasing number of predictors avail-
able in the multiproxy reconstructions as well as increasing
dating uncertainty and decreasing temporal resolution of the
lake sediment record back in time. In Central Chile, the

differences may also be due to the different calibration data
(instrumental station vs. grid) and calibration periods.

4. Conclusions and Outlook

[10] This study represents the first near-continental-scale
seasonal precipitation reconstruction within the Southern
Hemisphere. Verification statistics and comparison with
independent, local datasets indicate that the currently
available proxy network allows reasonably assessing varia-
tions of large-scale precipitation variability well beyond the
20th century and over wide areas of SSA. The skill of our
reconstructions is highest in regions with significant
amounts of precipitation falling in the respective seasons
and where the coverage with proxy data is high. Some
regions, including the most densely populated area of SSA
in the north-east, are still very sparsely covered with proxy
data, mainly before 1850. This underlines the need for more
high resolution proxy data from SSA. Our reconstructions,
together with new temperature [Neukom et al, 2010]
and circulation reconstructions, may help to improve our
understanding of the influences of atmospheric and oceanic
circulation patterns on SSA climate, which again can serve
as a base for detection and attribution studies in the area.
The multi-centennial moistening trend in austral summer
and drying trend in winter towards present represent sig-
nificant changes to the seasonal cycle and South American
climatology. Assessment of societal and economic changes
in SSA related to these changes will require further inves-
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tigation. Faced with a changing climate, limited resources,
and a growing population, a long-term baseline and assess-
ment of seasonal, spatial, and temporal changes, such as
provided by these reconstructions, may be useful to help
refine or develop water-allocation agreements.
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Supplementary Material

S1. Alternative illustrations of the reconstructions

Figure S1 shows the spatial means of the reconstructions comparing the ensemble mean and
median. Figures S2-S5 show alternative (to Figure 3 in the main text) illustrations of the
reconstruction ensembles.

S2. Selection of the precipitation proxies

Out of a database of 144 proxies [Neukom et al., 2010] that are related to SSA climate (e.g.
temperature or precipitation), we selected the predictors with temporally stable and significant
correlations with SSA summer (DJF) or winter (JJA) precipitation.

As a first selection criterion we used the absolute Spearman correlation of the proxies with the
20™ century instrumental CRU TS 3 grid [updated from Mitchell and Jones, 2005] in the
overlapping period (between 70 and 106 years within 1901-2006). Only proxies with at least
one grid cell with significant (p<0.05) correlation were considered for the further analyses.
The grid cell with the highest absolute correlation was defined as “best location” for the
proxy. The maximum correlations and the corresponding coordinates of the “best locations”
are indicated in Tables S1 (summer) and S2 (winter). We are aware that the chosen alpha-
level (p<0.05) may lead to Type I errors in a grid of 2358 cells. However, Tables S1 and S2
show that most proxies have significant correlations over large parts of the grid (mostly more
than 5%) and these areas are in all cases mostly formed by adjacent cells and not randomly
distributed over the continent (not shown). The “best location” is in most cases in the same
climatic region as the proxy itself. Exceptions can be explained by the limited quality of the
instrumental grid in some areas [see e.g. Garreaud et al., 2009; Neukom et al., 2010] and/or
strong teleconnections in the region, mainly related to SAM (Southern Annular Mode) and
ENSO [El Nifno-Southern Oscillation; e.g. Garreaud et al., 2009; Villalba, 2007; Villalba et
al., 1997b].

In order to test the validity and stability of these teleconnections, which is particularly
important for the proxies from outside SSA, we evaluated the temporal stability of the
proxies’ correlations with the “best locations”. This was evaluated by calculating 30-year
running Spearman correlation coefficients between each proxy series and the corresponding
instrumental grid cell. If the running correlation curve showed instabilities (i.e. changes in
sign, or fluctuations in the coefficient that exceed =0.2/decade) the relation between the proxy
and the predictand was considered not stable and the proxy series was excluded from the
potential predictor matrix. We are aware that all selection criteria introduce some subjective
pre-filtering into the reconstructions. However, due to the relatively large number of proxies
used and the ensemble approach, the probability of single proxies dominating or even biasing
the reconstructions is small (see section S5 and Figures S13-S16). The 33 (31) proxy series
that were finally included into the predictor matrix for the austral summer (winter)
precipitation reconstructions are shown in Table S1 (Table S2) and Figure la (Figure 1b) in
the main text.

S3. Statistical skill measures

Figure S6 shows the temporal evolution of the average correlations between all ensemble
members (rbar; 30 year moving windows) as well as the average RE [Cook et al., 1994] and r
for both seasons. All values are at rather low levels (rbar 0.2-0.6; RE 0.09-0.12; r* 0.05-0.1)
before 1851, where no instrumental predictors are available. They thereafter rapidly increase
to values above 0.86 (rbar) and 0.27 (RE) and 0.28 (r*) in both seasons.

Figure S7 shows the spatial distribution of the RE values, averaged over the entire
reconstruction period for austral summer (left; 1498-1995) and winter (right; 1590-1995). The
highest skill is found over central Chile and central-eastern SSA in summer and over central
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to northern Chile and west-central Argentina in winter. The lowest REs are found in northern-
and southernmost SSA in both seasons. As the average REs over the ensembles are relatively
low, we evaluated the influence of ensemble members of different REs on the ensemble
distribution and median. Figures S8 and S9 show that the ensemble median remains
remarkably stable if all members, only the members with positive REs, or only the one
percent (i.e. 100 members) with the highest RE scores are selected. The Spearman
Correlations between the medians of the three subsets are all greater than 0.994 in both
seasons. The differences between the three median curves are not only small (mostly less than
+0.1 standard deviations) but the residuals also follow (though statically not-significant) a
normal distribution (Figures S8 and S9 lower panels). Figures S10 and S11 show that the 100
best ensembles (based on RE) are much narrower distributed than the entire set or a random
selection of 100 ensembles but, as shown above, with practically the same median. These
figures provide evidence that the final reconstruction (the ensemble median) is robust,
relatively skilful and not biased by unreliable ensemble members. It must be noted the RE
statistics are based on varying calibration/verification intervals (as they were sampled for each
ensemble member). Hence varying RE values are not only caused by changes in the proxy
network and PC-truncations, but also by the different calibration/verification intervals.

We also assessed the quality of the final reconstruction (ensemble median) in the period of
instrumental overlap (1931-1995). The Root mean squared error of Prediction (RMSEP) and
explained variance (1) of the target are shown for each grid cell in Figure S12. The average
RMSEP over SSA is 0.67 (0.65) std. dev. for summer (winter), the average r* over SSA is
0.60 for summer and 0.61 for winter. These results are positively biased, as the period
considered encloses the (varying) calibration periods of all ensemble members. Also here, the
best measures (low RMSEP and high 1) can be found in the central part of SSA whereas in
the very north and south, the skill is lower.

Overall, the regions with high regression skill (RE, RMSEP and r*) and low uncertainties (see
Figure 2 in the main text) are primarily the Chilean part of northern Patagonia (ca. 37°S-45°S)
in summer, and Chile between 28°S and 45°S as well as central SSA in winter. For both
seasons, the lowest skill and highest uncertainties broadly coincide with regions where
precipitation is low (see Figure 1). The reduced reliability in the peripheral areas of SSA is
probably due to the limited quality of the instrumental grid in these regions [Garreaud et al.,
2009; Neukom et al., 2010] and the smaller number of proxies available (Figure 1).

Finally, it must be noted that all quality measures provided are likely positively biased by the
inclusion of the instrumental predictors, which had mostly also been included into the
calculation of the calibration grid. However, as described in section S5 and shown in Figures
S17 and S18, the reconstruction itself does in most areas not significantly change by the
inclusion of instrumental predictors.

S4. Methodological details on the comparison plots (Figures 3c and 3d in the main text)

As an additional validation, we compared our (30-year filtered) reconstructions with
independent regional moisture reconstructions in SSA (Figures 3¢ and 3d in the main text).
Figure 3¢ shows our reconstruction in the catchment area of the Laguna Mar Chiquita in
northern Argentina (30°54°S/62°51°W) along with the lake level reconstruction by Piovano et
al. [2009]. Our reconstruction is shown as the percentiles of the DJF+JJA sum, which
explains 63% of annual precipitation variability in the instrumental data (CRU TS 3 grid
1931-1995) in this area. The curve of the Piovano et al. [2009] lake level reconstruction
(black) is derived as follows: We only use the fraction of the reconstruction [Figure 14.3 in
Piovano et al., 2009] that goes back to 1770, as before this date, the temporal resolution
decreases considerably. There are four dated points in this interval [1770, 1803, 1900 and
1976; Piovano et al., 2009; green points in Figure 3c]. We derived the ages of the other points



(black points in Figure 3c) by linear interpolation. The lake level is indicated in meters
relative to the 1976-1977 shoreline [Piovano et al., 2009].

Figure 3d shows a regional reconstruction comparison in Central Chile. The black curve
represents the precipitation reconstruction of Le Quesne et al. [2009] which is exclusively
based on tree rings. It was calibrated in the period 1866-1999 using the instrumental station
“Quinta Normal” at Santiago de Chile [Le Quesne et al., 2009]. The thin black to red lines
show the percentiles our DJF+JJA reconstruction in Central Chile (30°S-35°S / 70°W-72°W;
an area covering Santiago de Chile and surroundings as well as the tree ring sites used by Le
Quesne et al. [2009]). In this area, 78% of annual precipitation variability explained by the
DJF+JJA sum in CRU TS 3. These two reconstructions are not fully independent because
some (65 out of 117) of the tree ring samples included in one of the three sites used as
predictors by Le Quesne et al. [2009] are also part of the “El Asiento” record used in this
study (Table S2). However, regarding the total number of tree ring samples and overall
predictors used in both studies, this overlap is very marginal (the overlapping samples
represent 56% of the tree ring series in Le Quesne et al. [2009] and 5.6% of the tree ring
samples used herein, which, in turn, represent 22% of the total number of predictors used).

S5. Regression weights of the predictors and importance of the instrumental predictors
In order to investigate whether our reconstructions are strongly dependent on single
predictors, the weight that each predictor has at each time step and location in our regression
models was calculated [see e.g. Briffa et al., 1986]. The calculations are based on a single
reconstruction using the following settings:

We included all predictors (Tables S1 and S2), used 1931-1995 as calibration period and
retained the first » principal components explaining 90 (80) percent of the total variance in the
predictor (instrumental) matrix. In order to deal with the changing number of predictors over
time, the sum of the weights was normalized to a value of one at each year and all weights
were then multiplied with the number of predictors available in the respective year. The
spatially averaged weight of each predictor in four selected years for austral summer (winter)
is shown in Figure S13 (S15) and Table S1 (S2). The predictors with the largest weight at
each location in the same years are displayed in Figure S14 (S16). These Figures indicate that
our reconstructions are not dominated by single predictors.

Figure S17 displays the spatial average of our summer and winter reconstructions together
with the same reconstruction based on non-instrumental predictors only (after 1851, when the
first instrumental series starts). Figure S18 shows the spatial correlation between these two
reconstructions. The two reconstructions are within the uncertainty bands of each other,
except for a few years in winter around 1910. There are some areas where the instrumental
predictors have a strong influence on the outcome of the reconstructions: most of Patagonia in
summer and north-western Patagonia, north-central SSA as well as, most clearly, the province
of Buenos Aires in winter. In these areas, the reconstructions must be interpreted with caution
before 1851, when the first instrumental series begins.
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Figure S1: Spatial anomaly mean of the austral summer (DJF; top; 1498-1995) and winter
(JJA; bottom; 1590-1995) reconstructions with respect to the 1931-1995 climatology using
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Figure S2: SSA mean austral summer precipitation reconstruction ensemble 1498-1995
relative to the 1931-1995 climatology. a) Interannual reconstruction anomalies. Blue to red
lines: ensemble members. Black: ensemble median. Bold black: 30-year Gaussian filtered
ensemble median. b) Percentiles of the reconstruction ensemble. Each line represents a
percentile. The area between the black lines encloses all (100%) members; the area between
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Gaussian filtered ensemble members.
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Figure S3: Same as Figure S2 but for austral winter and the period 1590-1995.

Tierra del Fuego Chiloé Buenos Aires Triple Frontier

AD 1500
AD 1600
AD 1700
AD 1800
AD 1900

Figure S4: Distribution functions of the ensemble members of the summer precipitation
reconstruction at four selected grid points: Tierra del Fuego (68°W/54°S; left), Chilo¢ Island
(74°W/42°S; second), Buenos Aires (58°W/34.5°S, third) and Triple Frontier (tri-border area
of Argentina, Brazil and Paraguay, 54.5°W/25.5°S; right). The distribution functions are
shown for the years AD 1500 (turquoise), 1600 (black), 1700 (red), 1800 (green) and 1900
(blue). All curves are normalized to a mean of zero and divided by the standard deviation of
precipitation (1931-1995) at each location. The coloured dots show the 5™ and 95
percentiles, which were used to define the reconstruction uncertainties (see main text).
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Figure S5: Same as Figure S1 but for winter and the years 1600, 1700, 1800 and 1900.
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Tables

Table S1: Predictors used for the austral summer (DJF) precipitation reconstructions. Start and end years are AD. The non-instrumental predictors
are taken from the SSA proxy network of Neukom et al. [2010]. Columns nine to twelve quantify the Spearman correlations of the proxies with the
instrumental grid 1931-1995: The highest absolute correlation (max. r; correlation at the “best location”), the coordinates of the “best location” and
the percentage of grid cells with significant (p<0.05) correlations. The last four columns indicate the average relative regression weight of each
predictor in the years 1498, 1700, 1850 and 1931, respectively (see also Figure S13). Notice that some of the documentary and early instrumental

data have missing values in 1850.

Nr.  Name Archive Start End LonW LatS Reference Correlation with instr. Gridboxes Proxy Weight
max.r LonW LatS % p<0.05 1498 1700 1850 1931
1 Tasmania temperature Tree rings -1600 1991 -148 43 Cook et al. [2000] 0.42 58 37.5 20 1.01 08 1.02 0.69
reconstruction
2 Lenca Tree rings -499 1987 726 41.6 Laraand Villalba [1993] -0.37 69 23.5 113 12 1.36 0.88
3 Cluster CAN 23 Tree rings 799 1993 71.83 42 Lara et al. [2000] -0.38 47 20.5 0.78 0.86 0.57 0.83
4 Cluster CAN 6 Tree rings 1232 1983 715 38.5 La Marche et al. [1979a; 1979b]; Villalba [1990a] -0.32 68 325 0.75 0.61 0.56 0.88
5  Cluster CAN 1 Tree rings 1276 1975 70.5 34.5 La Marche et al. [1979b] 0.47 57.5 27 15 1.09 1.06 1.03 0.85
6  Cluster ALT 3 Tree rings 1399 2003 67.5 21.5 Argollo et al. [2004]; Soliz et al. [2009]; Morales et al. 0.46 69.5 24.5 9 124 125 131 1.15
7  Cluster CAN9 Tree rings 1407 1989 7125  39.3 [LZaO(I\)/I‘grche et al.[1979a] -048 65 30 26 136 1.2 1.09 0.88
8  Cluster CAN 13 Tree rings 1498 2003 71.25 41 La Marche et al. [1979a]; Lara et al. [2008]; Villalba and 0.4 71 41.5 5 0.64 055 0.68 0.79
9 _Tucuman precipitation Documentary 1548 1810 65 27 \ID/(raiZItzner?[?Z]OOO]; Neukom et al. [2009] 0.44 67.5 30 18 1.48 1.04
10 gﬁjes)t(er CAN 12 Tree rings 1572 1992 71 40 Villalba and Veblen [1997]; La Marche et al. [1979b] -0.49 67 255 32 118 1.27 0.74
11 Potosi precipitation index Documentary 1585 1814 65.75 19.6 Gioda and Prieto [Gioda and Prieto, 1999a; 1999b]; 0.5 65 20.5 11 1.34 0.96
Neukom et al. [2009]
12 Parana River runoff index = Documentary 1590 1805 60 30 Prieto [Prieto, 2007]; Neukom et al. [2009] 0.36 56 27.5 6 1.09 1.16
13  Cluster CAN 10 Tree rings 1596 1989 70.83 39.5 La Marche etal. [1979a]; Villalba and Veblen [1997] -041 475 20.5 0.74 1.09 0.83
14 Mendoza precipitation Documentary 1600 1810 68 32 Prieto et al. [2000]; Neukom et al. [2009] 0.56 68 32.5 11 0.71 0.63
15 gﬁjz)t(er CAN 8 Tree rings 1676 1989 71.17  39.2 Villalba and Veblen [1997] 0.5 51 245 16 092 064 0.7
16 _Cordoba precipitation Documentary 1701 1803 64 31 Prieto and Herrera [2001]; Neukom et al. [2009] 0.37 66 315 8 0.98
17 gﬁjes)t(er CAN 22 Tree rings 1720 1997 71.75 41.8 Villalba et al. [1998]; Schmelter [2000] 0.38 75 445 6 11 0.84
18 Dulce River runoff index Documentary 1750 1921 65 27 Herrera et al. [2003]; Neukom et al. [2009] -0.48 69.5 24 27 1.5 0.79
19  Conguillio (Lenga abajo) Tree rings 1774 1996 71.6 38.6 Lara etal. [2001] 0.53 56 29.5 22 164 1.22
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39
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50
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Abrolhos d'*0
Cluster CAN 21
ITASE 2000 5

La Meseda

Alto los Manantiales
Balmaceda

Number of days with rain
in Mendoza
Cluster NWA 1

Paso de las Nubes 3
Rio de Janeiro
Valdivia/Pichoy
Bahia Blanca
Buenos Aires

Concepcion, Nuflo de
chavez
Puerto Montt

Santiago Pudahuel
La Serena

Cordoba

Stanley

Corrientes Aero
Rosario Aero

Salta Aero

Parana Aero

San Juan Aero
Santiago del Estero
Ushuaia Aero
Asuncion Aero

Rio Sala and Popayan
Curitiba

Quebrada de Humahuaca

Tree rings
Corals

Tree rings
Ice Cores
Tree rings
Tree rings
Tree rings

Early
Instrumental
Tree rings

Tree rings

Instrumental
Instrumental
Instrumental
Instrumental

Tree rings

Instrumental
Instrumental
Instrumental
Instrumental
Instrumental
Instrumental
Instrumental
Instrumental
Instrumental
Instrumental
Instrumental
Instrumental
Instrumental
Tree rings

Instrumental

Tree rings

1787
1794
1796
1800
1826
1827
1828
1830

1833
1848
1851
1853
1860
1861
1861

1862
1867
1869
1873
1874
1875
1875
1875
1876
1876
1876
1876
1877
1881
1885
1886

1996
1993
1989
1999
1999
1986
1988
2006

2002
1991
1990
2000
2007
2005
2005

2007
2007
2007
2002
1981
2005
2007
2006
2007
2007
2006
2004
2007
2002
2007
2001

71.58
-114
71.5
124
65.02
69.08
71.75
68.78

65
71.8
43.2
73.1
62.25
58.5
62.13

73.1
70.7
71.2
64.2
57.9
58.77
60.8
65.48
60.5
68.7
64.3
68.3
57.63
64.6
49.3
65.33

38.6
28.5
415
7.7
23

32.7
45.9
32.8

23

411
22.9
39.8
38.7
34.6
16.4

41.4
33.5
29.9
31.3
51.7
27.5
32.9
249
31.8
31.5
27.8
54.8
253
246
25.4
23.2

Lara et al. [2001]

Kuhnert et al. [1999]
Villalba and Veblen [1997]
Schneider et al. [2006]
Unpublished

Roig and Boninsegna [1990]

ITRDB series arge023

Coni [1897]; Servicio Meteorologico Nacional

Argentina, pers. comm..
Villalba et al. [1992]

Villalba et al. [1997a]

Peterson and Vose [1997; PV97]

PVvo7
PV97
PVO7

unpublished (L. Lopez pers. comm. 2008)

PV97
PV97
PV97
PV97
PVv97
PV97
PV97
PV97
PV97
PV97
PV97
PV97
PVv97
Villalba et al. [1992]
PV97
Morales et al. [2004]

16

-0.39
0.36
-0.37
-0.52
0.48
-0.46
0.31
0.7

0.36
-0.39
0.96
0.96
0.87
0.94
0.48

0.9
0.69
0.44
0.88
-0.46
0.99
0.85
0.75
0.92
0.91
0.96
0.97
0.95
0.52
0.91
0.51

49
73.5
67.5
69
66
57.5
75
67

47.5
60.5
43

73.5
62.5
58.5
63.5

73.5
70
71.5
64
64
58.5
60
65
60.5
68
64
65.5
57.5
63.5
49.5
64.5

26
395
32
42
485
385
485
325

23.5
52
23.5
40
39
34.5
23

41.5
35
34.5
32
22
28
33
245
31
32
27.5
55.5
25.5
31
26
22.5

17
17

29

23
27
32
38
12

33

36
16
29
33
10
34
20
32
28
16
30
19
11

1.04
0.83
0.52
1.34
0.68
1.16
1.1

0.65
0.81

0.88
0.76
0.79
1.06
0.95
0.89
0.8

0.97

0.73
0.76
1.12
0.95
1.1

1.5

0.95

1.01
0.97
0.9

0.94
0.74
1.23
1.39
0.85
1.31
1.08
1.07
1.1
1.2

0.7

1.4

0.65



51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74

Sao Paulo

Mar del Plata Aero
Punta Arenas
Tornquist
Mendoza Obs.

O Higgins

Esquel Aero
Villarrica

Guamini

Trelew Aero

Concordia Aero

Isla Robinson Crusoe

Santa Rosa
Catamarca Aero
La Quiaca Obs.
Posadas Aero
Victorica
Concepcion
Huinca Rananco
Punta Angeles
Temuco

Valdivia Town
Paso de los Libres
Rio Cuarto Aero

Instrumental
Instrumental
Instrumental
Instrumental
Instrumental
Tree rings

Instrumental
Instrumental
Instrumental
Instrumental
Instrumental
Instrumental
Instrumental
Instrumental
Instrumental
Instrumental
Instrumental
Instrumental
Instrumental
Instrumental
Instrumental
Instrumental
Instrumental

Instrumental

1887
1888
1888
1889
1892
1892
1896
1898
1900
1901
1902
1902
1902
1903
1903
1903
1905
1912
1912
1912
1912
1912
1918
1918

2007
2007
2007
1995
2001
1999
2007
2007
1992
2007
2007
2007
2007
2007
2007
2007
1995
2007
1995
1993
2007
2007
2006
2007

46.9
57.6
70.9
62.22
68.9
72.5
71.2
72.22
62.4
65.3
58
78.8
64.32
65.8
65.6
56
65.43
73.1
64.27
711
72.8
73.1
57.2
64.2

23.6
37.9
53

38.1
32.9
48.5
42.9
39.3
37.1
43.2
31.3
33.6
36.6
28.5
221
27.4
36.2
36.8
34.8
33

38.8
40

29.7
33.1

PV97
PV97
PV97
PV97
PV97
Lara et al. [2005]
PV97
PV97
PV97
PV97
PV97
PV97
PV97
PV97
PV97
PV97
PV97
PV97
PV97
PV97
PV97
PV97
PV97
PV97

0.96
0.92
0.95
0.87
0.89
0.56
0.97
0.96
0.88
0.71
0.97
0.9

0.99
0.93
0.99
0.97
0.98
0.94
0.98
0.76
0.9

0.93
0.98

46
57
71
61.5
68
66
71
56.5
62.5
66.5
58
79
64
65
65.5
56.5
65.5
73
64.5
71.5
72.5
73.5
57.5
64

24
37.5
54.5
38.5
32.5
30.5
43
26
37.5
44
31.5
34.5
37
29
23
28
37
37.5
35
35
39.5
40.5
30
33.5

10
27
19
35
33
30
27
19
45
18
30
35
36
21
10
31
32
34
36
11
40
28
35
25

1.15
0.94
1.23
1.04
0.87
1.13
1.27
1.25
1.14
1.59
1.02
0.87
1.07
1.14
1.04
1.26
0.96
1.03
1.07
0.9

1.04
0.96
1.21
1.19
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Table S2: Proxy records used for the austral winter (JJA) precipitation reconstructions. Start and end years are AD. The non-instrumental predictors
are taken from the SSA proxy network of Neukom et al. [2010]. Columns nine to twelve quantify the Spearman correlations of the proxies with the
instrumental grid 1931-1995: The highest absolute correlation (max. r; correlation at the “best location”), the coordinates of the “best location” and
the percentage of grid cells with significant (p<0.05) correlations. The last four columns indicate the average relative regression weight of each
predictor in the years 1590, 1700, 1850 and 1931, respectively (see also Figure S15).

Nr. Name Archive Start End LonW LatS Reference Correlation with instr. Gridboxes Proxy Weight
max.r LonW LatS % p<0.05 1498 1700 1850 1931
1 106KL off Peruvian coast ~ Marine -19402 1972 77.67 12.1  Rein [2007] -0.39 655 31.5 5 099 091 0.89 1.04
Sediment
2 Cluster CAN 20 Tree rings 182 1995 71.83  41.3 Villalba [1990b]; Lara et al. [2000] -0.48 60 22.5 6 0.78 0.78 0.82 0.84
3 Cluster CAN 25 Tree rings 424 1990 71.83 42,5 Laraetal. [2000] -0.47 65 32 12 1.01 065 1 0.89
4 El Asiento Tree rings 1280 1972 70.82 32.5 La Marche et al. [1979b] 0.57 69.5 34.5 13 1.03 0.81 0.77 0.77
5  Caramavida Tree rings 1548 1972 73.17 37.7 La Marche et al. [1979b] -0.44 69 34.5 8 0.79 0.64 059 0.7
6  Cluster CAN 15 Tree rings 1566 1991 71.92 412 Villalba et al. [1997a] 0.37 62.5 40 9 153 137 154 1.06
7  Cluster CAN 26 Tree rings 1585 1987 73.83 425 Villalba [1990a]; Roig [1991] -043 715 48 19 0.72 1.03 0.72 091
8 Santa Fe and Corrientes Documentary 1590 1805 60 30 Prieto [2007]; Neukom et al. [2009] -0.32 645 55.5 2 115 1.18 1.09 1.21
precipitation index
9 Mendoza River runoff Documentary 1601 1960 68 32 Prieto et al. [1999a]; Neukom et al. [2009] 0.45 69 35.5 8 113 1.46 0.89
index
10 Great Barrier Reef coral Corals 1631 2005 -147 20 Lough [2007] 0.41 63.5 23.5 12 152 149 1.09
luminescence
11 Cluster CAN 3 Tree rings 1640 1975 7125 38 La Marche et al. [1979a; 1979b] -044 715 47 10 096 0.79 0.84
12  F-T IDPO index Corals 1650 2004 180 0.02 Linsley et al. [2008] 0.56 53 33.5 8 123 092 0.86
13 New Caledonia d"°0 Corals 1657 1992 -166.5 22.5 Quinn etal.[1998] 0.44 68.5 29 11 0.81 0.77 1.15
14 Volcan Lonquimay Tree rings 1702 1975 71.57 38.4 La Marche et al. [1979b] -049 685 34.5 14 0.75 0.68
15 Secas d180 Corals 1707 1984 82.05 -7 Linsley et al. [1994] 0.51 68 33 28 1.52 0.89
16  Cluster SAN 5 Tree rings 1725 1984 67.67 54.8 Boninsegna et al. [1989] -0.42 655 32 112 1.03
17  Cluster SAN 6 Tree rings 1731 1986 64.33 54.8 Boninsegna et al. [1989] 0.38 71.5 41.5 0.76 0.78
18 Valle Ameghino Tree rings 1743 1997 7217  50.4 Masiokas and Villalba [2004] 0.38 46.5 24 0.68 1.1
19 Santiago del Estero Documentary 1750 1921 64.27 27.8 Herrera et al. [2003]; Neukom et al. [2009] 0.45 61 25.5 13 144 1.36
precipitation index
20 Great Barrier Reef Ba/Ca  Corals 1758 1998 -146 18 McCulloch et al. [2003] -0.39 535 34 2 0.75 0.97
21 Central Andes snow depth Documentary 1760 1996 70 33 Prieto et al. [1999b]; Neukom et al. [2009] 0.45 68.5 34.5 17 093 0.8
22 Paso Cordova Tree rings 1760 1986 71.25 40.7 ITRDB series arge050 0.41 74 39 1" 1.09 0.73
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23
24
25
26
27
28
29

30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53

Dyer Plateau 1
Dronning Maud Land
Rio Foyel

Cisnes

Chapelco

Avaiki

Number of days with rain

in Mendoza
Rio de Janeiro

Valdivia/Pichoy
Cluster NWA 4
Bahia Blanca
Buenos Aires
Puerto Montt
Santiago Pudahuel
La Serena
Cordoba

Stanley

Corrientes Aero
Rosario Aero
Salta Aero

Parana Aero

San Juan Aero
Santiago del Estero
Ushuaia Aero
Asuncion Aero
Curitiba

Dique Escaba
Sao Paulo

Mar del Plata Aero
Punta Arenas

Tornquist

Ice Cores
Ice Cores
Tree rings
Tree rings
Tree rings
Speleothems

Early
Instrumental
Instrumental

Instrumental
Tree rings

Instrumental
Instrumental
Instrumental
Instrumental
Instrumental
Instrumental
Instrumental
Instrumental
Instrumental
Instrumental
Instrumental
Instrumental
Instrumental
Instrumental
Instrumental
Instrumental
Tree rings

Instrumental
Instrumental
Instrumental

Instrumental

1761
1800
1803
1811
1822
1829
1830

1851
1853
1858
1860
1861
1862
1867
1869
1873
1874
1875
1875
1875
1876
1876
1876
1876
1877
1885
1887
1887
1888
1888
1889

1970
1999
1982
1997
1985
2001
2006

1990
2000
1999
2007
2005
2007
2007
2007
2002
1981
2005
2007
2006
2007
2007
2006
2004
2007
2007
1985
2007
2007
2007
1995

65.45

71.42
.7

71.23
169.8
68.78

43.2
73.1
65
62.25
58.5
73.1
70.7
71.2
64.2
57.9
58.77
60.8
65.48
60.5
68.7
64.3
68.3
57.63
49.3
65.78
46.9
57.6
70.9
62.22

711
75

41.7
44.7
40.3
19

32.8

22.9
39.8
24

38.7
34.6
41.4
33.5
29.9
31.3
51.7
27.5
32.9
24.9
31.8
31.5
27.8
54.8
25.3
25.4
27.7
23.6
37.9
53

38.1

Fisher [2002]
Graf et al. [2002]
Roig [1991]

Lara et al. [2005]

ITRDB series arge029
Rasbury and Aharon [2006]

Coni [1897]; Servicio Meteorologico Nacional
Argentina, pers. comm.
Peterson and Vose [1997; PV97]

PV97
Villalba et al. [1992]
PV97
PV97
PV97
PV97
PV97
PV97
PV97
PV97
PV97
PV97
PV97
PV97
PV97
PV97
PV97
PV97
Villalba et al. [1992]
PV97
PV97
PV97
PV97

19

0.42
0.57
-0.48
-0.37
-0.38
-0.4
0.8

0.94
0.91
0.38
0.91
0.94
0.88
0.92
0.99
0.96
0.48
0.89
0.92
0.76
0.94
0.82
0.95
0.72
0.96
0.98
0.4

0.96
0.99

0.87

47
71
68.5
51
62
65
68.5

43
73.5
725
62.5
58.5
74
70.5
715
64
74
58.5
60
65.5
60.5
69
64
68.5
57
49.5
65
46
57
70.5
62.5

23
48
34.5
29.5
38.5
325
33

235
405
455
39
35
415
34
30
32
405
27.5
325
24
315
315
275
56
255
26
31
24
38
54
385

10
17
23

10
39

17
19

25
38
16
23
42
32
14
42
39
23
28
16
34
18
34
19
10
21
17
15
47

0.99
1.3

1.03
1.01
0.77
0.99

0.72
1.32
1.03
0.84
0.91
0.79
0.95

0.97
0.81
1.21
1.32
1.19
1.08
1.34
1.05
1.28
0.92
0.93
1.01
0.94
1.02
1.03
0.87

1.09
1.1

1.07
0.81
0.85

1.19



54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73

Mendoza Obs.
Esquel Aero
Villarrica
Guamini
Neuquen Aero
Trelew Aero

Concordia Aero

Isla Robinson Crusoe

Santa Rosa
Catamarca Aero
La Quiaca Obs.
Posadas Aero
Victorica
Concepcion
Huinca Rananco
Punta Angeles
Temuco

Valdivia Town
Paso de los Libres

Rio Cuarto Aero

Instrumental
Instrumental
Instrumental
Instrumental
Instrumental
Instrumental
Instrumental
Instrumental
Instrumental
Instrumental
Instrumental
Instrumental
Instrumental
Instrumental
Instrumental
Instrumental
Instrumental
Instrumental
Instrumental

Instrumental

1892
1896
1898
1900
1900
1901
1902
1902
1902
1903
1903
1903
1905
1912
1912
1912
1912
1912
1918
1918

2001
2007
2007
1992
2006
2007
2007
2007
2007
2007
2007
2007
1995
2007
1995
1993
2007
2007
2006
2007

68.9
71.2
72.22
62.4
68
65.3
58
78.8
64.32
65.8
65.6
56
65.43
731
64.27
711
72.8
73.1
57.2
64.2

32.9
42.9
39.3
371
39

43.2
313
33.6
36.6
28.5
221
27.4
36.2
36.8
34.8
33

38.8
40

29.7
33.1

PVvo7
PV97
PV97
PVo7
PV97
PV97
PVO7
PV97
PV97
PVO7
PV97
PVvo7
PVO7
PV97
Pvo7
PVO7
PV97
PVvo7
PVO7
PV97

0.87
0.98
0.97
0.9

0.88
0.98
0.95
0.91
0.93
0.88
0.83
0.98
0.93
0.9

0.94
0.94
0.87
0.99
0.95
0.97

68.5
715
56.5
62
69.5
65.5
58
79
64.5
65
65
56
65.5
72
64.5
715
72
73.5
57
64

33
425
26
38
405
44
32
34.5
36.5
29
23
28
36.5
37
35
34
38.5
405
29.5
33.5

43
27
43
24
25
30
19
14
36
22
13
49
33
25
43
31
19
25
30
24

0.91
0.81
1.25
0.97
1.12
1.38
1.46
0.81

0.86
0.78
1.03
0.87
1.13
0.7

0.84
1.35
1.37
1.24
0.87
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