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INTRODUCTION

The skill of seasonal climatic prediction in the

United States is relatively low because predictable
signals are weak relative to internally generated
midlatitude atmospheric variability (O’Lenic et al.,
2008; Peng et al., 2012, 2013). Dominant climate
modes such as the El Nifo Southern Oscillation
(ENSO), the Pacific Decadal Oscillation (PDO), and
the Atlantic Multidecadal Variability (AMV) offer
sources of predictable variability but exhibit temporal
nonstationary and varying regional effects (Fernandez-
Castillo et al., 2025; Rohli et al., 2022). Recent studies
have investigated additional climate modes and
teleconnections from the tropics, such as the Indian
Ocean Dipole (IOD), for sources of further predictable
variability (Molteni and Brookshaw, 2024).

IOD teleconnections with the extratropics are

driven by large-scale sea-surface temperature (SST)
anomalies associated with an IOD event, which
induce diabatic heating and excite Rossby wave

trains propagating over the North Pacific (Hoskins
and Karoly, 1981; McIntosh and Hendon, 2018).

This influences semi-permanent pressure systems and
mid-tropospheric circulation across North America
and the North Atlantic (Bader and Latif, 2005;
Branstator, 2002; Hu et al., 2023; Min et al., 2008).
IOD teleconnections have been studied for impacts on
the North Atlantic Oscillation (NAO) in early winter
and climatic predictive value in Europe (Abid et al.,
2023; Fereday et al., 2025; Hardi man et al., 2020;
Raganato et al., 2025). Despite this attention, few
studies have investigated the linkage between the IOD
and North American climate (Min et al., 2008; Saji
and Yamagata, 2003). One approach is to examine

the climate-sensitive Northeast Pacific coastal and
near-coastal tree-ring record to explore teleconnection
signals from the Indian Ocean (D’Arrigo et al., 2005).

The goal of this study is to improve the understanding
of the IOD—North America teleconnection using
tree-ring width records from the Northeast Pacific

and by utilizing the Dipole Mode Index (DMI),

which characterizes the IOD. The central aims are to
determine if the teleconnection signal is present in the
tree-ring record from Alaska, independent of ENSO,
and temporally stationary over the past few centuries.
I present extended and optimized chronology network
reconstructions of the DMI and the DMI with ENSO
influence removed (rDMI), allowing for analysis of
the teleconnection structure and the reconstruction
predictive skill.

METHODS

Tree-ring Data

I utilized a dataset of 182 tree-ring width chronologies
from Alaska, assembled by The College of Wooster
Tree Ring Lab (WTRL). Chronologies were detrended
with the signal-free approach using RCSig (Cook et
al., 2017), which estimates growth-related trends while
accounting for shared signals among chronologies,
reducing detrending biases (Melvin and Briffa, 2008,
2014).

Chronologies were correlated with the DMI and
rDMI, and those exhibiting statistically significant
correlations (p < 0.05) for the common interval (1870-
1980 CE) were retained for modeling (Fig. 1). Eighty-
three chronologies were retained (Fig. 1), all of which
span1835—-1980 CE and are most strongly correlated
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Figure 1. Locations of the tree-ring chronologies included in
this study. Of the 83 total chronologies, 13 passed only the DMI
screening, eight passed only the rDMI screening, and 62 passed
both screenings. The chronologies marked with white circles were
retained for the optimized-chronology models.

with average January—March indices (JFM; Fig. 2).
Climate Data

The SST climate data is derived from HadiSST1,
which spans 1870-2025 (Rayner et al., 2003). The
DMI is the SST anomaly difference between the
Western Tropical Indian Ocean (WTIO; 50° E-70° E,
10° S—10° N) and the Southeastern Tropical Indian
Ocean (SETIO; 90° E-110° E, 10° S—Equator; Saji

et al., 1999). The Nifo3.4 index represents ENSO
with the average SST anomalies in the region (170°
W-120° W, 5° S—5° N; Rayner et al., 2003). The rDMI
was calculated by linearly regressing Nifio3.4 on the
DMI and retaining the residuals as a new dataset. This
removes the linear portion of the influence of ENSO
from the DMLI.

Gridded climate datasets were used for field
correlations with the principal components (PCs)
derived from the chronologies that passed screening
for both models. The gridded data include the
HadCRUT 5.0 land and sea temperatures (Morice et
al., 2021) and 500 hPa meridional wind variability
and geopotential height from the NOAA 20th Century
Reanalysis Version 3 monthly 2° x 2° fields (1851—

2014; NOAA Physical Sciences Laboratory, 2024).
These were used to explore linkages by revealing the
Rossby wave structure via surface and atmospheric
expressions. All climate data were acquired through
the Koninklijk Nederlands Meteorologisch Instituut
(2022; Trouet and Van Oldenborgh, 2013).

STATISTICAL MODELS

PC-based reconstructions were generated from the
network of 83 chronologies using the principal
component regression software PCreg (Cook and
Krusic, n.d.). Reconstructions were calibrated over
the common period between the SST data and the
tree-ring data (1870-1980), modeling index values
averaged over an optimal monthly interval determined
from regression trials across the dendroclimatic
year. Parallel reconstructions of the DMI and rDMI
under the same model parameters were built to
allow for isolation of the influence of ENSO on the
teleconnection.

DMI Model

The DMI reconstruction was built to assess the
linkage of Alaskan tree growth and Indian Ocean
SST variability under the influence of ENSO. This
reconstruction used 75 of the 83 chronologies and is
referred to as “extended” because chronologies were
included regardless of temporal stationarity (Fig. 1).

A secondary reconstruction of the DMI was built
using principal component regression of a temporally
stationary subset of the 75 chronologies (Fig. 1).
These were identified using split-period calibration
trials (1870-1925 and 1926-1980); chronologies

that exhibited statistically significant correlations (p
< 0.05) with the target index in both intervals were
retained as a new dataset, and PCs were recomputed.
While the extended chronology reconstruction is
useful for assessing the structure of the teleconnection,
the optimized one is useful for quantifying predictive
skill, because it is restricted to chronologies that are
consistently tuned to climate signals from the Indian
Ocean throughout the modeled interval.

rDMI Model

The rDMI was reconstructed to isolate the component
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of the teleconnection independent of ENSO. The same
processes were applied to the rDMI as were to the
DMI for both extended and optimized reconstructions,
though the extended reconstruction used 70 of the 83
chronologies (Fig. 1).

Model Assessment

Model assessment was conducted separately for the
extended and optimized reconstructions to evaluate
temporal stationarity and predictive skill, respectively.
Running correlations between the reconstructions

and the target index over a 30-year centered window
were used to investigate the temporal stationarity

of the extended models. Correlation coefficients

were considered statistically significant if they
exceeded a p < 0.05 threshold based on the two-sided
Student’s t-test. Predictive value of the optimized
reconstructions was computed using split-period
verification statistics, including the Pearson r, p-value,
reduction of error (RE), and coefficient of efficiency
(CE).

RESULTS

Teleconnection Signal

Principal component regression of the 182-chronology
tree-ring series on the monthly DMI and rDMI

over the calibration period (1870-1980) showed the
strongest relationship (R? > 0.28) in January-March
(JFM; Fig. 2), which restricted the final regression
models to JFM (Fig. 3). A similar interval (December-
May) was used for regression in D’ Arrigo et al.
(2005).

DMI Model

The extended JFM DMI reconstruction is shown

in the upper panel of Figure 3a. The model uses 75
chronologies and five PCs to explain 39.5% of the
variance in the index. The lower panel of Figure 3a

is a running correlation plot, showing the 30-year
averaged moving correlations throughout the modeled
interval. The correlations drop below the 95%
confidence interval from around 1891-1900, 1927—
1932, and 1947-1952.

Five chronologies passed the criteria for the optimized
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Figure 2. Monthly correlations of the model values with the
corresponding index values from the DMI and rDMI between 1870
and 1980. The grey bars represent the correlations of the DMI
model with the DMI, and the white bars represent the correlations
of the rDMI model with the rDMI.

DMI model (Table 1), and the reconstruction used
one PC to explain 40.6% of the variance in the index.
Half-calibration window regression trials revealed the
optimized DMI model explains 34.3% of the variance
in the first period, and 24.8% in the second. The RE
and CE statistics indicate robust predictive value (RE
and CE > 0) across both intervals (Table 1).
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Figure 3. (A) The 75 chronology reconstruction (blue) of the JFM
DMI, plotted against the index values (red). (B) The 70 chronology
reconstruction (blue) of the JFM rDMI, plotted against the index
values (red). Both plots include a 30-year running correlation
between the model values and the index values (black). Values
above the dotted line are statistically significant (p < 0.05).
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Table 1. Verification statistics for optimized DMI and rDMI models

Model Verification period Pearson r P RE CE Durbin-Watson
DMI 1926-1980 0.510 <0.001 0.55 0.24 2.00
DMI 1870-1925 0.560 <0.001 0.66 0.29 1.90
DMI 1926-1980 0.468 <0.001 0.41 0.19 2.07
tDMI 1870-1925 0.527 <0.001 0.50 0.23 2.03

*Verification statistics calculated using split-period calibration/verification. RE = reduction of error; CE =

coefficient of efficiency.

rDMI model

The extended JFM rDMI model (Fig. 3b) uses 70
chronologies and six PCs to explain 39.7% of the
variance in the index. The running correlation dips
below the 95% confidence interval in the late 1950s.

Four chronologies were retained for the optimized
rDMI model (Table 1). The reconstruction used one
PC to explain 29.9% of the variance in the index

for the whole calibration period, 32.8% in the first
half, and 27.1% in the second half. The verification
statistics indicate robust predictive skill (RE and CE >
0) in both intervals (Table 1).

The DMI and rDMI extended chronology
reconstructions support a statistically significant
linkage between tree growth in Alaska and the JFM
DMI. While the extended DMI and rDMI models
explain similar percentages of the variance in their
target indices, the optimized models and verification
statistics reveal that the DMI model possesses stronger
predictive skill.

Principal Components

I computed field correlations between PC1 and PC2
(Fig. 4) of the extended DMI model and gridded
climate datasets. Figure 4 is restricted to the DMI,
though for both PCs, the DMI and rDMI extended
models show roughly inverse patterns. PC1 shows
strong negative correlations with land/SSTs in the
WTIO, eastern Asia, the North Pacific, and the
Atlantic tropics and extratropics. PC1°’s correlations
with the 500 hPa meridional winds manifest as
latitudinally and longitudinally alternating positive
and negative fields concentrated in the Pacific. The
500 hPa geopotential height field shows a strong
correlation on the coast of East Asia, and a weaker
correlation to the east on the same latitude (around
30°-50°N), as well as a negative correlation field in
the South Pacific.

Across all variables, the field correlations with PC1
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Figure 4. Extended DMI model PCI (left) and PC2 (right) field
correlations. Red indicates positive correlations, blue indicates
negative correlations. The top row is correlated against land
surface temperature and SST data, the middle row against 500
hPa meridional winds, and the bottom row against 500 hPa height.

are stronger and more widespread than with PC2.
PC2’s surface temperature correlation plot shows a
positive field extending eastward from Japan. The 500
hPa meridional winds and geopotential height show
weaker correlations, though similar patterns to PC1.

DISCUSSION

The reconstructions indicate a statistically significant
and moderately strong teleconnection between
Alaskan tree growth and the January—March (JFM)
Dipole Mode Index (DMI), with the optimized models
demonstrating robust predictive skill. However, the
strength of the relationship may vary through time.
Here, I discuss the teleconnection strength, the role of
ENSO, temporal stationarity, and principal component
results.

Teleconnection Strength

The extended reconstructions (Fig. 3) explain
approximately 40% of the variance in the DMI and
rDMI, indicating a moderate, robust relationship
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between Alaskan tree growth and Indian Ocean

SST variability. This level of explained variance is
comparable to values often obtained in dendroclimatic
reconstructions of large-scale climate mode indices.
Despite substantial internal variability in the
midlatitude climate system, the teleconnection signal
is sufficiently strong to be expressed in the tree-ring
width record.

The Role of ENSO

One of the central goals of this study was to determine
if a unique teleconnection exists in the absence

of ENSO. Comparing the percentages of variance
explained by the extended models suggests the
teleconnection is not driven by ENSO; the full rDMI
model explains a marginally higher percentage of
the variance than the full DMI model. However, the
optimized DMI model explains the highest percent
variance of all models, whereas the optimized rDMI
model explains the lowest percent variance; once
reduced to the temporally stationary chronologies,
the DMI model is strengthened, and the rDMI model
is weakened. Additionally, the verification statistics
reveal that the optimized DMI model is more robust
than the optimized rDMI model (Table 1). ENSO
likely plays a role in the teleconnection, though it is
unlikely that it drives the observed linkages.

Temporal Stationarity

The sample size for the optimized models is greatly
reduced from the full models (Fig. 1), indicating non-
stationary tree-growth patterns with respect to the
Indian Ocean Dipole (IOD). The robust RE and CE
statistics partially reconcile this, though the values are
lower in the latter verification interval for both models
(Table 1). The running correlation plots (Fig. 3) show
similar patterns—the correlations peak in the early
1900s. The DMI correlation plot shows cyclic phases
of high correlations and low correlations after the early
1900s on a decadal timescale (Fig. 3a), aligning well
with PDO phase changes (Mantua and Hare, 2002).
The full rDMI plot shows a steady decrease without
cyclicity from around 1925-1960 (Fig. 3b), aligning
well with Atlantic Multidecadal Variability (AMYV)
phase changes (Enfield et al., 2001). Overall, the
models are reasonably stationary—the teleconnection
signal is rarely absent, though most of the included

chronologies fail to consistently display the signal
between 1870 and 1980, and large-scale climate phase
changes may impact the strength of the signal.

Principal Components

The field correlations for PC1 of the DMI model
show coherent, evenly spaced correlation zones (Fig.
4). The 1land/SST correlation plot shows two distinct
negative correlation field arcs and may be the surface
expression of planetary waves. In the propagation
phase, Rossby waves often exhibit an arc shape prior
to being guided by the jet stream and constrained

to the extratropics (Branstator, 2002). The 500 hPa
meridional winds show alternating zones of northerly
and southerly 500 hPa winds, which is evidence of
wave nodes. The 500 hPa geopotential height field plot
indicates longitudinal ridge and trough topography,
which is characteristic of Rossby waves, particularly
in conjunction with the meridional winds pattern
(Wallace and Gutzler, 1981).

The field correlations for PC2 are weaker and

less widespread than those for PC1. The PC2 500

hPa meridional winds and height show a similar
structure to the PC1 correlations. The PC2 land/

SST field correlation exhibits a PDO-type structure,
with no evidence for planetary waves. Overall, the
field correlations reveal Rossby wave structure,
providing additional evidence for the presence of a
teleconnection linking the Indian Ocean to the Gulf of
Alaska.

CONCLUSIONS

Overall, the models explain a convincing portion of
the variance in the climate indices, suggesting the
presence of a teleconnection linking the climate in
the Northeast Pacific to the January-March (JFM)
Indian Ocean Dipole (IOD). The verification statistics
for the optimized models indicate that select Alaskan
trees have robust predictive skill of the JFM Dipole
Mode Index (DMI). The presence of a teleconnection
linking the JFM DMI to the climate in the Northeast
Pacific may be a valuable insight for seasonal climate
prediction in North America, if the precise climatic
effects can be constrained and differentiated from
other Indian Ocean teleconnection signals.
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