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Abstract Recent years have seen strong droughts and floods in the Amazon basin, the largest center of
atmospheric convection on land. To assess to what degree these events are extreme in a historical perspective
requires accurate and long‐term climate data, which are generally lacking for this part of the world. Here, we
developed a 131‐year oxygen isotope chronology from exactly dated tree rings of Cedrela odorata from the
eastern Amazon Basin. The chronology (1885–2016) correlates strongly with observed wet‐season rainfall
totals (r = − 0.71, 1951–2016) and stream discharge over the eastern equatorial Amazon. In contrast to oxygen
isotope chronologies further inland that record basin‐wide rainfall, our new record provides a good rainfall
proxy for the eastern Amazon basin alone and shows that extreme precipitation events are also driven by ENSO.

Plain Language Summary The Amazon Basin is a crucial ecosystem for global biodiversity and
climate, yet recent extreme droughts and floods raise concerns about the hydrological cycle over the Basin.
Understanding these climate extremes is limited by the lack of long instrumental observations before 1950.
Tree‐ring data can provide a valuable proxy for historical climate variability. Oxygen isotope measurements
from tree rings of Cedrela odorata were used here to reconstruct wet season rainfall over the eastern Amazon
from 1885 to 2016. The reconstruction is very highly correlated with regional rainfall and river discharge, and
with indices of the El Niño/Southern Oscillation. The lowest rainfall total observed in the instrumental
measurements and in the reconstruction occurred in 1983, during one of the strongest El Niño events in recorded
history. The new reconstruction provides a valuable addition to the hydroclimatic record for the late 19th and
early 20th century in a data sparse region of the eastern Amazon.

1. Introduction
The Amazon River basin is the largest continental center of atmospheric convection with the greatest river
discharge to the ocean and highest biodiversity on Earth (Nobre, 2014; Zapata‐Ríos et al., 2021). Intensification of
the hydrological cycle over the Amazon has been observed during the last 35‐year, including an increase in the
frequency of extreme droughts and floods that were previously considered once‐in‐a‐century events (Cintra
et al., 2025; Espinoza et al., 2024; Gloor et al., 2013; Jiménez‐Muñoz et al., 2016; Marengo & Espinoza, 2016).
This trend in extremes may be linked to the complex interaction of deforestation in the drainage basin (Callède
et al., 2004; Leite‐Filho et al., 2020; Spracklen &Garcia‐Carreras, 2015; Sternberg, 1987; Xu et al., 2022), natural
variability of the coupled climate system (Barichivich et al., 2018; McGregor et al., 2014), and anthropogenic
climate change (B. I. Cook et al., 2020; Ritchie et al., 2022).

Rainfall over the eastern Amazon Basin is strongly linked to the Walker Circulation and El Niño–Southern
Oscillation (ENSO) (Cai et al., 2020). During El Niño years, anomalous tropospheric subsidence occurs over the
northeastern Basin, while La Niña years bring the opposite pattern. Severe Amazon droughts are often associated
with El Niño, whereas floods typically occur during La Niña. The 2023 drought, during an El Niño, was the driest
on record, with the lowest Rio Negro levels at Manaus since 1901 (Espinoza et al., 2024). However, the
instrumental record for Amazon precipitation and discharge extremes is limited. Few meteorological or discharge
data exist before 1950, and many records are incomplete or affected by inhomogeneities (Granato‐Souza
et al., 2020). Therefore, longer and more continuous proxy records are essential to understanding long‐term
changes in the Amazon hydrological cycle.
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Ring‐width chronologies of C. odorata from Rio Paru in the eastern Amazon have been used to reconstruct wet
season rainfall totals and to examine the influence of ENSO in the eastern equatorial Amazon (Granato‐Souza
et al., 2018, 2020). These precipitation reconstructions have been substantiated with historical descriptions of
drought and floods along the Amazon River during the 19th century (Granato‐Souza & Stahle, 2023), suggesting
that recent low river levels may have been equaled during the “Forgotten Drought” of 1865.While these historical
records are useful, they are descriptive in nature and lack continuity. A powerful supplement to these records are
oxygen isotopes derived fromC. odorata tree rings in the Amazon which have been proven to be excellent proxies
for precipitation (Baker et al., 2022; Brienen et al., 2012), surpassing the rainfall sensitivity of the ring‐width
chronologies.

Expanding on this potential, recent tree‐ring oxygen isotope (δ18Otr) records have been shown to capture pre-
cipitation signals across tropical South America (Alvarez et al., 2024; Cintra et al., 2025; Rodriguez‐Caton
et al., 2024). In the Amazon it has been shown that δ18Otr variation in tree rings of the genus Cedrela primar-
ily reflect processes that influence the oxygen isotopic composition of precipitation (δ18Op) (Baker et al., 2015,
2022; Brienen et al., 2012; Ortega‐Rodriguez et al., 2023; Vargas et al., 2022). Two primary mechanisms are
identified: the local amount effect and the continental effect (Baker et al., 2016; Dansgaard, 1964). Every pre-
cipitation event leads to depletion of heavy isotope in remaining water vapor in air. However, it has been found
that locally, the degree of isotopic depletion varies with the precipitation intensity (Lee & Fung, 2008). For very
intense precipitation events the δ18Op per precipitation amount is lower than for low intensity precipitation (e.g.
drizzle, Dansgaard, 1964; Risi et al., 2008). In contrast, the continental effect refers to the gradual depletion of
heavy isotopes in water vapor as air masses move inland. This happens because successive precipitation events
preferentially remove heavier isotopes, leaving the remaining moisture that is transported further inland
increasingly depleted in δ18O (Vuille et al., 2003). Additionally, other factors can affect the δ18Otr signal, such as
water recycling through tree evapotranspiration (Salati et al., 1979) and isotopic enrichment of leaf water due to
evaporation (Barbour, 2007; Barbour et al., 2002).

For this study, we measured oxygen isotope ratios in exactly dated annual growth rings of C. odorata collected
near the Rio Paru, in the eastern Amazon, to develop an improved reconstruction of wet season rainfall totals, to
document the strength and consistency of ENSO forcing over the past 131‐year, and to provide a longer pale-
oclimate perspective on the recent intensification of hydroclimatic extremes over the eastern equatorial Amazon.

2. Materials and Methods
2.1. Specie and Study Site

Samples of Cedrela odorata were collected in a legal logging concession near the Rio Paru, northeastern Bra-
zilian Amazon (0.97°S, 53.32°W; Figure 1a), within the Paru State Forest, Pará. Annual precipitation ranged from
1,440 to 2,700 mm (1981–2016). The wet season extends from late January to June, with less than 60 mm per
month during the dry season. Mean annual temperature varies little, between 26 and 27°C (Figure S1 in Sup-
porting Information S1). C. odorata shows cambial dormancy in the dry season when leafless, with growth
concentrated in the wet season (Dünisch et al., 2003). This aligns with local growth–climate relationships
(Granata‐Souza et al., 2018).

The Paru State Forest is situated at 400 to 800 masl and is mostly covered (95%) with tropical rainforest. Cross
sections were cut from 45 legally harvested C. odorata trees (Rio Paru Site A: RPA), then dried, polished, and
dendrochronologically dated. The ring‐width chronology spans 1786–2016 (RBAR= 0.246), and numerical ring‐
width and chronology data are available from the International Tree‐Ring Data set Bank at the NOAA National
Center for Environmental Information (collection number BRA001; Granato‐Souza et al., 2018).

2.2. Isotope Extraction and Chronology Development

Seven previously dated Cedrela specimens were selected for isotopic measurements based on their age, presence
of pith, and the width and clarity of the dated annual growth rings. The cellulose extraction process followed the
methodology described by Wieloch et al. (2011) and Kagawa et al. (2015) (see Text S1 in Supporting Infor-
mation S1). The mean δ18Otr chronology was calculated as the average of the individual isotope series for each
year with sample sizes (Figure S3 in Supporting Information S1). The agreement among the individual isotope
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Figure 1.
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series was assessed using the mean inter‐series correlation (RBAR; E. R. Cook & Pederson, 2010) and Expressed
Population Signal (EPS, Wigley et al., 1984).

2.3. Climate Data, Reconstruction, and Analyses

Pearson's and partial correlation analyses were conducted to compare the δ18Otr chronology with monthly climate
data and identify which climate variables and seasons were most closely related to δ18Otr. Precipitation totals
(PPT) and mean temperature data were extracted from the CRU TS v4.07 data set (Harris et al., 2020) using the
KNMI Climate Explorer (Trouet & Oldenborgh, 2013, https://climexp.knmi.nl/) for a grid box in northeastern
Amazon (Figure S2 in Supporting Information S1, 1901 to 2022), selecting the region with strongest correlation
to δ18Otr. Due to limited local station data, vapor pressure deficit (VPD) was calculated using actual vapor
pressure and temperature data from CRU TS v4.07. River discharge and stream level data were sourced from the
HydroWeb website of the Brazilian National System of Hydric Resources Information (SNIRH, www.snirh.
gov.br).

Based on correlation analyses with monthly climate data, we used bivariate regression to calibrate the δ18Otr
chronology with wet season (January–June) precipitation and reconstructed rainfall from 1885 to 2016. To assess
uncertainty, we computed semi‐parametric 95% prediction intervals (E. R. Cook et al., 2013) using point‐by‐point
regression (E. R. Cook et al., 1999), least squares theory (Olive, 2007; Seber & Lee, 2003), and maximum entropy
bootstrap (Vinod, 2006). Reconstruction reliability was evaluated for the independent validation period
(1951–1981) using squared Pearson correlation (R2), average reduction error (RE), and average coefficient of
efficiency (CE) statistics (E. R. Cook et al., 1999), when instrumental precipitation data were sufficiently
replicated.

The precipitation reconstruction was correlated with gridded sea level pressure (SLP; ERA5, Hersbach
et al., 2020), sea surface temperature (SST; HadlSST1, Rayner et al., 2003), and the Southern Oscillation Index
(SOI; CRU; Allan et al., 1991). The Multivariate ENSO Index (MEI; Wolter & Timlin, 2011) was used to assess
the ENSO signal in reconstructed precipitation for the eastern Amazon. We also performed a spatial correlation
analysis to identify a broader Pan‐American climate signal captured by the δ18Otr record. Singular Spectrum
Analysis (SSA; Ghil et al., 2002; St. George & Ault, 2011) identified quasi‐periodic components in the instru-
mental and reconstructed rainfall data. Cross‐spectral coherence (Percival & Constantine, 2006) measured fre-
quency domain agreement between ENSO and instrumental and reconstructed rainfall over the eastern Amazon
using the December–April Nino 3.4 SST Index (Rayner et al., 2003).

3. Results
3.1. Hydroclimatic Signals in the δ18Otr Chronology

The oxygen isotope records are highly correlated among trees (Figure 1b and Figure S3 in Supporting Infor-
mation S1), significantly more so than the correlation between ring width time series from the same sevenCedrela
trees at the Rio Paru site (RBAR = 0.74 and 0.33, respectively). The mean δ18Otr chronology is significantly
correlated with January–June precipitation totals in the eastern equatorial Amazon (r = − 0.62, p < 0.0001;
1901–2016; Figure S2 and Table S1 in Supporting Information S1). However, precipitation data from the early
20th century lack stations near the study site (Figure S2 in Supporting Information S1), leading to inhomogeneity
in the instrumental January–June precipitation time series variance, especially before 1960 (Figure 1c). Corre-
lation between the δ18Otr chronology and precipitation improves post‐1950 (r = − 0.71, p < 0.0001; 1951–2016),

Figure 1. (a) The δ18Otr chronology (black triangle) is located within the forest concession area of the Paru State Forest (gray shade), 100 km north of the Amazon River.
Streamflow data (circles) were selected from stations with records from 1980 to 2012: 1. Jari River, 2. Maicuru River, 3. Curuá River, 4. Paru River, 5. Branco River, 6.
Amazon River (Óbidos), 7. Negro River (Manaus)*, and 8. Solimões River (Manacapuru). Colors indicate Pearson correlations between δ18Otr and January–June
discharge, all statistically significant. *Data for the Negro River reflect water levels only. (b) The δ18Otr series for seven Cedrela odorata trees from the Rio Paru (gray)
and their mean (black) from 1885 to 2016 (sample size: 2–7 series/year, Figure S3 in Supporting Information S1). Note the inverted x‐axis. (c) January–June regional
instrumental precipitation extracted from CRU TS v4.07 (box area in Figure S2 in Supporting Information S1) for 1901–2016 in the eastern equatorial Amazon,
including the Rio Paru sampling site. (d) Scatterplot comparing δ18Otr with regional instrumental January–June precipitation totals, 1951–2016. (e) Reconstructed
(black) versus regional instrumental (red) January–June precipitation totals, 1951–2016 (validation 1951–1981, calibration 1982–2016). (f) Reconstructed January–
June precipitation for eastern Amazon (1885–2016) with 95% prediction intervals (gray) and 20‐year smoothing (red). Red circles = 10 driest years: 1889, 1900, 1905,
1915, 1919, 1932, 1941, 1981, 1983, 1987; blue circles = 10 wettest years: 1890, 1910, 1917, 1938, 1963, 1971, 1996, 2000, 2011.
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coinciding with increased numbers and better spatial distribution of rainfall recording stations (Figure S2 in
Supporting Information S1). Relationships with mean wet season surface air temperature and VPD are much
weaker (r = 0.47 (p < 0.001) and r = 0.40 (p < 0.01), respectively; 1951–2016, Table S1 in Supporting In-
formation S1), compared to the hydroclimate correlations. To assess the independent effect of precipitation on
δ18Otr, we conducted partial correlation analyses controlling for temperature and VPD. Results indicate a robust
correlation with precipitation (r = − 0.60), confirming it as the primary climatic driver. In contrast, correlations
with temperature (r = 0.18) and VPD (r = 0.06) were weak, suggesting limited influence on δ18Otr variability.

Additionally, the δ18Otr chronology is highly correlated with river discharge measured on several tributaries to the
eastern Amazon, including the Rio Jari (r = − 0.87; p < 0.0001; 1970–2013) and the Rio Maicuru (r = − 0.84;
p < 0.0001; 1970–2013) (Figure 1a). The δ18Otr chronology is also significantly correlated with total annual
discharge of the Amazon River measured at Óbidos (r = − 0.53, p < 0.01; 1968–2014), despite the vast drainage
basin area upstream of the gauge and the considerable distance to the isotope study site.

3.2. Reconstructed Precipitation, 1885–2016

The δ18Otr series explains nearly two thirds of the variance in the instrumental precipitation data during the
1982–2016 calibration period (R2adj = 0.62; Figure 1e). The derived reconstruction is correlated with January–
June precipitation during the independent validation period from 1951 to 1981 (r = 0.51). The reduction of er-
ror and coefficient of efficiency statistics computed on this validation interval are also both positive (RE = 0.27;
CE = 0.21).

The precipitation reconstruction is plotted from 1885 to 2016 along with the 95% prediction error intervals and a
20‐year smoothing (Figure 1f). The reconstruction is 131‐year long and only extends the regional CRU instru-
mental precipitation data by 16 years. However, in this data poor region of the Amazon the δ18Otr reconstructed
precipitation data are a useful addition for the entire pre‐calibration interval prior to 1982. The driest year in both
the instrumental (Figure 1b, 1901–2016) and reconstructed records (Figure 1f, 1885–2016) occurred in 1983
during one of the strongest El Niño events in recorded history (Quiroz, 1983), followed by the drought of 1981
that was nearly as severe as 1983 (Figure 1e).

The instrumental and reconstructed precipitation time series both record a decade‐long dry period from 1978 to
1987. The period from 1897 to 1906 was the only other decade‐long interval in the reconstruction to approach the
dryness observed and reconstructed in the late 1970s and 80s (Figure 1f). The reconstruction indicates a wet
interval from 1962 to 1976 that is only partially evident in the instrumental precipitation data (Figure 1f). This
difference and the decline in average instrumental precipitation that begins in 1967 and extends back to the
beginning of the observations in 1901 (Figure 1c) may both be related to limited nearby station observations
available in the CRU data set (e.g., Granato‐Souza et al., 2020; Figure S2 in Supporting Information S1). In-
homogeneity in the instrumental observations is also indicated by the difference in correlation with the recon-
structed rainfall series before and after 1980 (r = 0.56, 1901–1980; r = 0.81, 1981–2016).

3.3. Large‐Scale Climate Controls on Precipitation Variation

ENSO forcing of rainfall in the eastern Amazon is evident from the correlations of reconstructed and instrumental
precipitation totals with gridded SLP and SST data from 1950 to 2015 (Figures 2a–2e, Table S2 in Supporting
Information S1). These correlations confirm that cool SSTs in Nino3.4 region, which are associated with La Niña
conditions, are linked to heavy rainfall, while warm SSTs during El Niño conditions are associated with a drought
in the eastern Amazon. This ENSO forcing of wet season rainfall in the eastern Amazon is also illustrated by
correlation analyses with the December–April SOI (Table S2 in Supporting Information S1). The SOI shows a
strong covariation with the reconstructed precipitation time series both before and after 1950 (r = 0.68,
1901–1950 vs. 0.70 for 1951–2015), but correlations between SOI and instrumental precipitation decrease
strongly for the period before 1950 when using instrumental January–June precipitation (r = 0.43, 1901–1950 vs.
0.64 for 1951–2015). The weakening SOI signal in the instrumental precipitation data before 1950 likely reflects
changes in the stations available for the regional average over the northeast Amazon. In fact, the instrumental
precipitation data are based on just three stations before 1911, Manaus, Georgetown (Guyana) and Cultuurtuin
(Paramaribo, Suriname), which are all located at least 770 km from the study area, and the number of stations
exceeds 10 only after 1927 (Figure S2 in Supporting Information S1). This huge change in the spatial aggregation
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of the instrumental observations underscores the value of the new δ18Otr‐based precipitation reconstruction for
analyses of climate variability and climate forcing in the eastern Amazon during the past 131‐year.

Reconstructed and instrumental wet season precipitation totals at Paru are positively and significantly correlated
with precipitation over a large sector of the eastern Amazon and northeast Brazil (Figure 2). They are also

Figure 2. Correlations of large‐scale climate signal in reconstructed and instrumental precipitation from the eastern Amazon.
Reconstructed wet season precipitation totals (January–June) from the eastern Amazon are correlated with gridded ERA5
SLP (a) and HadlSST1 (b) for December–April from 1950 to 2015, and with CRU TS v4.07 November–May precipitation
totals (PPT) (c) over the Americas, also from 1950 to 2015 (p < 0.10 for all correlations, computed with the KNMI Climate
Explorer). (e–f) Same as (a–c) for instrumental precipitation. The NINO3.4 region is indicated (red box).
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negatively correlated with total precipitation over subtropical North and South America (Figure 2). For these
comparisons the gridded CRU precipitation data were averaged for a November–May season because the
simultaneous hemispheric‐wide correlations are maximized during this season (Stahle et al., 2020). For wet
season rainfall in the eastern Amazon, both instrumental and reconstructed, the North American precipitation
correlations are strongest from December–April and the South American correlations are highest during the prior
September–November period (not shown). The November–May interval appears to best integrate these seasonal
differences during the 1950–2015 period. Figure 2 indicates that the interannual variability of wet season rainfall
in the eastern Amazon is dominated by ENSO with little evidence of tropical Atlantic forcing. However, a
marginally significant correlation with south tropical Atlantic SSTs can be observed when the influence of ENSO
forcing is removed from the eastern Amazon rainfall series (i.e., correlating the residuals from a regression of the
NINO 3.4 SST Index on eastern Amazon rainfall with gridded SSTs, 1950–2015, Figure S4 in Supporting
Information S1).

The reconstruction records the dominant frequency components observed in the short instrumental precipitation
data, which seem to originate from ENSO forcing. SSA indicates that the reconstruction has two strong quasi‐
periodicities at periods of 3.5‐ and 5.5‐year (Figures 3a and 3b). These reconstructed components (RCs)
together represent some 33%–38% of the reconstructed precipitation variance in the 1885–2016 period
(depending on the lag window length, Figures 3a and 3b). Instrumental wet season precipitation also includes a
strong 5.5‐year periodicity (1951–2016; Figure 3c), and increased variance has been identified around these
frequencies in indices of ENSO (e.g., Bruun et al., 2017; Gehne et al., 2014). Note also that the amplitude of the
5.5‐year quasi‐periodicity is attenuated in both the reconstructed and instrumental rainfall series during the period
from ca 1965–1980 (Figures 3a and 3c). The reconstruction is coherent with instrumental rainfall at frequencies
from 2‐ to 10‐year (1950–2016; Figure 3d). The reconstruction also displays strong coherence with the Nino 3.4
SST Index at frequencies from approximately 3‐ to 10‐year (1885–2016; Figure 3e and Table S2 in Supporting
Information S1).

Figure 3. Periodicities and coherence patterns in δ18Otr‐based precipitation estimates, instrumental rainfall, and climate
indices. (a) Reconstructed components (RCs) from singular spectrum analysis of instrumental rainfall highlight RC3 and
RC4 (window lengths of 15 and 20 years), showing a 5.5‐year periodicity and accounting for 18.8% and 16.1% of total
variance, respectively. (b) This 5.5‐year signal is also present in δ18Otr‐estimated rainfall for lag windows of 15 (red; RC1,
RC3, RC4) and 20 (blue; RC3, RC4) years, explaining 27.9% and 15.9% of variance, respectively. (c) A 3.5‐year periodicity
is seen in RC2 (M = 15) and RC1/RC2 (M = 20), representing 10.4% and 17.6% of total variance. The instrumental RCs
(a) show reduced amplitude from ∼1965 to 1980, mirrored in the δ18Otr series (b, c). (d) Squared coherency between
δ18Otr‐based precipitation and instrumental rainfall (1951–2016), with dashed lines marking p ≤ 0.05. (e) As in (d) but
comparing with the Niño3.4 SST index (Dec–Apr 1885–2016).
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4. Discussion and Conclusions
We demonstrate that the C. odorata δ18Otr chronology from the Rio Paru provides a new proxy for rainfall over
the eastern equatorial Amazon that is more sensitive compared to ring‐width data from the same trees
(Granato‐Souza et al., 2018). The δ18Otr‐based precipitation reconstruction presented here explains 62% of the
variance in the instrumental rainfall data during the period from 1982 to 2016. The reconstruction reveals an
increase in low‐frequency variability after 1959 with a relatively wet interval from 1960 to 1977, followed by a
drier interval from 1978 to 1995. Extremely wet or dry years appear to have decreased in the eastern Amazon
study area after 2000, in both the instrumental and reconstructed rainfall data (Figures 2a and 2e). No recent
events exceeded the drought of 1983 or the wetness in 2000.

The large‐scale ocean‐atmospheric dynamics in the precipitation reconstruction are strongly associated with
ENSO, which drives the interannual variability of rainfall in this region (Cai et al., 2020; Ronchail et al., 2002).
The 10 driest and 10 wettest years in the reconstruction usually occurred during El Niño and La Niña conditions,
respectively. However, ENSO does not account for all rainfall extremes in the eastern Amazon, as the severe
deficits in wet season precipitation totals in 1981 and 1983 demonstrate. The El Niño event of 1983 was one of the
strongest in recorded history and resulted in the lowest rainfall totals in both the 116‐year instrumental and
131‐year reconstructed series. Wet season rainfall in 1981 was almost as low but occurred under neutral to weak
El Niño conditions. The extreme rainfall deficits of 1981 and 1983 skew the instrumental rainfall distribution for
the study area, standing out as the years with the most pronounced anomalies in the entire data set.

The δ18Otr‐based precipitation reconstruction also captures earlier hydroclimatic extremes not clearly evident in
instrumental records (Figure 1c) or Rio Negro discharge data (not shown). Notably, the wettest year (1910) and
second driest (1915) align with strong La Niña and El Niño events, respectively, as shown by the extended MEI.
These patterns highlight the reconstruction's ability to resolve ENSO‐related variability in the eastern Amazon
during periods of limited observational data. The isotope‐based record validates these extremes and places them
within a longer‐term historical context extending back to the late 19th century.

The ENSO signal is strongest from December to February in the reconstructed precipitation series which likely
reflects the seasonal peak in ENSOwhen the tropical Pacific has the strongest effect on global climate (E. R. Cook
& Cane, 2024). ENSO forcing of the reconstruction is further highlighted by the significant anti‐correlation with
precipitation over subtropical North and South America. This Pan American precipitation pattern was identified
in composite analyses of ring‐width‐estimated extremes from the Rio Paru collection site dating back to 1759
(Stahle et al., 2020). However, the inter‐hemispheric signal is stronger and has a greater temporal stability in the
shorter δ18Otr‐based precipitation reconstruction. When compared to an ENSO reconstruction from the US
Southwest, based only on tree‐ring widths chronologies that display temporally stable MEI signals (Torbenson
et al., 2019), the wettest years and driest years correspond to positive and negative MEI indices respectively
(Figure S5a in Supporting Information S1). Similarly, when the opposite is tested, all 10 La Niña years and seven
of 10 El Niño years recorded in the US Southwest correspond to the expected sign of departures from the mean for
the eastern Amazon rainfall reconstruction (Figure S5b in Supporting Information S1). This agreement with
known ENSO‐related precipitation anomalies in the US Southwest provides an independent validation of the
δ18Otr‐based precipitation reconstruction, highlighting its consistency with large‐scale climate teleconnections
and reinforcing the reliability of the signal captured in the eastern Amazon.

Oxygen isotopes in tree rings have been correlated with river discharge in previous studies (e.g., Baker
et al., 2022; Brienen et al., 2012). The available instrumental river discharge records for the eastern Amazon are
short but several are highly correlated with the δ18Otr‐based precipitation reconstruction of wet season
(e.g., r = 0.87 for the nearby Rio Jari; 1970–2014). These river flow correlations are as high or higher than the
correlations between the instrumental and reconstructed rainfall series. The strong discharge correlations may
reflect the basin‐scale integration of precipitation by streamflow and indicate real potential for skillful re-
constructions of discharge in important tributaries of the Amazon River based on δ18O data from C. odorata.

The rainfall reconstruction from δ18Otr shows a modest correlation with basin‐wide precipitation (r = 0.27,
p < 0.01, 1901–2016; r = 0.31, p < 0.01, 1960–2016). This weak correlation contrasts with the strong re-
lationships observed in the oxygen isotope chronologies of Cedrela sp. from Bolivia (r = − 0.73, 1901–2014;
Baker et al., 2022) and Rondônia (r = − 0.76, 1960–2020; Ortega‐Rodriguez et al., 2023), both located in the
southwestern Amazon Basin. Variation in oxygen isotope composition in the south Amazon is the result of a
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Rayleigh distillation process (Vuille et al., 2003). This Rayleigh process consists of the preferential removal of
heavier water, H2

18O, at each precipitation event during water vapor transport from the tropical north Atlantic to
the southwestern parts of the Amazon basin. As a result, the remaining water vapor becomes more and more
depleted leading to lower δ18Op at the end of the water vapor pathway. During years with high precipitation over
the Amazon basin, more of the heavy water is lost resulting in lower δ18O values in precipitation in the south-
western Amazon compared to dry years, explaining the strong correlation for these sites with basin‐wide rainfall.
In contrast, as our site is located just 300 km from the coast the chronology does not reflect basin‐wide pre-
cipitation rainout processes. Instead, it reflects more local to regional amount effects as indicated by the limited
extend of the spatial correlation (see Figure 2c) and consistent with tree ring oxygen isotopes studies from other
coastal regions (Brienen et al., 2013). This local amount effect consists of the negative correlation between the
precipitation rate, or intensity, and the resulting isotope signal in the precipitation (Dansgaard, 1964; Lee &
Fung, 2008; Rozanski et al., 2013).

The strong correlations between our reconstruction and hydroclimatic variability over the eastern Amazon,
particularly in contrast to the integrated effects of changes in the hydrological cycle across the basin, underscore
the value of this new data set. The close estimation of the two most extreme instrumental precipitation deficits in
1981 and 1983, the coherence of the δ18Otr‐based precipitation reconstruction with instrumental rainfall and
ENSO indices, and its ability to track amplitude modulation of instrumental rainfall data all validate this new wet
season rainfall reconstruction. Although the current δ18Otr‐based reconstruction is only 131 years long, existing
ring‐width data from Rio Paru C. odorata dates back to 1759. Oxygen isotope analyses on older samples from Rio
Paru are underway, holding promise for a longer paleoclimate perspective on precipitation and streamflow in this
region of the Amazon, including large‐magnitude droughts and floods documented with C. odorata ring widths
and historical descriptions from the late 18th and 19th centuries. Such long‐term reconstructions will help
improve understanding of the current intensification of the Amazon hydrological cycle (Granato‐Souza &
Stahle, 2023).

Data Availability Statement
The isotope chronology data used in this study is available in the International Tree‐Ring Data Bank at the NOAA
National Center for Environmental and Paleoclimatology Information (Guimarães‐Pereira et al., 2025).
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