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A 50-70 year climatic oscillation over the North Pacific and
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Abstract. The chronology of interdecadal climatic regime
shifts is examined, using instrumental data over the North Pa-
cific, North America and the tropical oceans, and reconstructed
chmate records for North America. In the North Pacific and
North America, chmatw regime shifts around 1890 and in the
1920s with alternating polarities are detected, whose spatial
structure ‘is similar to that of the previously-known climatic
shifts observed in the 1940s and 1970s. Sea-surface tempera-
tures in the tropical Indian Ocean-maritime continent region ex-
hibit changes corresponding to these four shifts. Spectra ob-
tained by the Multi-Taper-Method suggest that these regime
shifts are associated with 50-70 year climate vanablhty over the
North Pacific and North America.

The leadmg mode of the empirical orthogonal functions of the
air-temperature reconstructed from tree-rings in North America
exhibits a spatial distribution that is reminiscent of instrumen-
tally observed air-temperature differences associated with the
regime shifts. The temporal evolution of this mode is character-
ized by a 50-70 year oscillation in the eighteernth and nineteenth
centuries. This result, combined with the results of the analyses
of the instrumental data, indicates that the 50-70 year oscillation
is prevalent from the eighteenth century to the present in North
America.

Introduction

Recent studies have revealed a significant interdecadal cli-
matic regime shift occurred in 1976/77 in association with a
deepening of the Aleutian low (Nitta and Yamada 1989, Tren-
berth 1990), and changes in the physical and biological envi-
ronments over the North Pacific and North America (for a sum-
mary, see UNESCO 1992, Trenberth and Hurrel 1994, Mantua
et al. 1997). A climatic regime shift is defined as a transition
from one climatic state to another within a period substantially
shorter than the lengths of the individual epochs of each climate
states. Several analyses indicated that a similar regime shift oc-
curred in the 1940s, but in the opposite tendencies (Yamamoto
et al. 1986, Francis and Hare 1994, Dettinger and Cayan 1995,
Zhang et al. 1996). Since temperature and pressure data used in
most of the previous studies are for the post-war period, we are
not sure whether the same kind of climatic shifts as observed in
the 1940s and 1970s occurred in the first half of this century and
even in the former centuries, and if so, how periodic their occur-
rences were. In the present study, therefore, we examine the
chronology of the interdecadal regime shifts over the North Pa-
cific and North America, based on instrumental data from the
late eighteenth century to 1990 and climate reconstructlon rec-
ords in the last few centuries.

Copyright 1997 by the American Geophysical Union.

Paper number 97GL00504.
'0094-8534/97/97GL-00504$05.00

Interdecadal variability observed in instrumental data

We examine following instrumental datasets: air-
temperatures at long-term weather stations collected in World
Monthly Surface Station Climatology produced by the National
Climate Data Center, sea-level pressure (SLP) of Trenberth and
Paolino (1980), sea-surface temperature (SST) of Bottomley et
al. (1990), and coastal SST data of Kodama et al. (1995) at
Enoshima (141.5°E, 38.4°N), Japan. Air-temperature data af-
fected by non-climatic changes, i.e., station move or urbanization,
were detected through visual inspection, and are not included in
the analysis. For some of the above datasets, the quality of the
data in the early period of the records might be lower than those
observed more recently. For example, SLP data should be less
reliable for the first few decades of this century than for the re-
cent decades (Trenberth and Paolino, 1980). Therefore, an oc-
currence of a regime shift must be detected as a coherent signal
among several independent datasets.

In association with the regime shifts in the 1940s and 1970s,
significant cooling and warming were observed, respectively, in
surface air-temperature over western North America in spring
(Figs. 1a, and 2a,b), and over Alaska and western Canada in
winter (not shown, see Parker et al. 1994 and Zhang et al. 1996).
In addition to these known changes, two interdecadal changes
are evident in the springtime data in the 1920s and around 1890
with alternating polarities in the former region (Figs. la, and
2c,d). Also, spring SST in the eastern North Pacific exhibits a
similar temporal evolution (Fig. 1b), supporting the occurrence
of these two earlier shifts. Wintertime temperature changes in
the 1920s are detectable in the western Alaska, but there are no
stations available for detecting the change around 1890 in this
region. SST changes in the central North Pacific had opposite
polarities to the SST changes in the eastern North Pacific for the
shifts in the 1940s and 1970s (Zhang et al. 1996), though SST
changes associated with the climatic shifts in the 1920s and be-
fore cannot be identified convincingly, even if they existed, be-
cause of low quality of the data.

Winter-spring SLP in the central North Pacific exhibits long-
term changes corresponding to the three shifts of the spring air-
temperature in western North America in the present century
(Fig. 1a, c). Correspondence between warmer (colder) tempera-
ture and a stronger (weaker) Aleutian low is apparent. The cor-
relation coefficients between them are high with the values of
—0.73 with a five-year running mean, and -0.60 without the
smoothing. The relation between the SLP and air-temperature is
a consequence of the strengthened (weakened) Aleutian low en-
hancing (reducing) the advection of warmer air onto the west
cost of North America (van Loon and Williams 1976). Between
two successive periods of a regime, the spatial distributions of
SLP differences exhibit approximately the same patterns, with
strongest anomalies over the central northern North Pacific and a
weaker anomalies with the opposite sign over western North

683



684

America (not shown). These patterns are related to the Pa-
cific/North American teleconnection pattern in the atmospheric
circulation aloft (Wallace and Gutzler 1981).

On the western side of the Pacific basin, the Japanese coastal
SST at Enoshima provides further evidence for the occurrences
of the regime shifts associated with the Aleutian low. The SST
averaged from spring to summer tends to be lower than its cli-
matological mean in the regimes with the deepened Aleutian low
and vice versa (Fig. 1d). The spring-summer SST is a good indi-
cator of the southward penetration of the Oyashio along the
Japanese coast, with colder SST indicating its farther penetra-
tion (Kodama et al. 1995). One may speculate that on inter-
decadal time scales, the stronger wind forcing associated with
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Figure 1. Time series of anomalies exhibiting coherent inter-
decadal climate changes (thin solid curve), with temporal aver-
ages of the anomalies for the periods 1870-1889, 1890-1924,
1925-1947, 1948-1976 and 1977-1990 (thick dashed lines). (a)
Spring (Mar.-May) air-temperature anomalies in western North
America averaged over 130°W-105°W, 30°N-55°N. The air-
temperature anomaly is calculated relative to 1930-50 at each
station, and then the anomalies are averaged spatially. (b) Spring
SST anomalies in the eastern North Pacific averaged over
140°W-110°W, 30°N-55°N. The average is calculated when
available grid points are more than 20% of total grid points in
the spring of respective years. (c) Winter-spring (Dec.-May)
SLP anomalies in the central North Pacific averaged over
160°E~140°W, 30°N—65°N. (d) Spring-summer (Mar.—Aug.)
SST anomalies at Enoshima, Japan. (¢) Annual mean SST
anomalies in the Indian Ocean-maritime continent region aver-
aged over 40°E-160°E, 15°S-15°N. All differences in the tem-
poral average between successive periods are significant at the
95% confidence level in each time series.
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the deepened Aleutian low causes farther southward penetration
of the Oyashio and lower SST at Enoshima, the same scenario as
suggested previously by Sekine (1988) for interannual variability.
Consequently, evidence of regime shifts associated with the
Aleutian low is detectable across the Pacific basin in a physi-
cally consistent manner. The occurrence of the three regime
shifts in the present century was confirmed by a very recent
analysis by Zhang et al. (1996), who detected the shifts by exam-
ining empirical orthogonal functions (EOFs) of SST and SLP
over the North Pacific.

The climate changes in the 1970s and 1940s in midlatitudes
are accompanied by sea-surface temperature changes in the
tropical Indian and Pacific Oceans (Nitta and Yamada 1989,
Trenberth 1990, Zhang et al. 1996). Also, in association with the
climate changes around 1890 and in the 1920s, annual mean
SST exhibits significant cooling and warming, respectively, in
the tropical Indian Ocean-maritime continent region (Fig. le).
Thus, as in the regime shifts in the 1940s and 1970s, the earlier
two interdecadal climate changes associated with the Aleutian
low appear to be related to the variability in the tropics, in par-
ticular in the Indian Ocean-maritime continent region. In the
tropical eastern Pacific, SST changes corresponding to the ear-
lier two shifts are not evident, but this might be due to poorer
sampling rates in this region than those in the Indian Ocean-
maritime continent region.

We have shown that the last four incidences of climatic re-
gime shifts over the North Pacific/North American sector have
occurred at fairly regular time intervals. In order to get some
idea of the dominant time scale of the climate variability in this
sector, we employ the Multi-Taper-Method (MTM) (Thomson
1982, Dettinger et al. 1995). The MTM enables us to examine
the statistical significance of a spectral peak using shorter data-
length than those required for conventional spectral estimates,
i.e., the Blackman-Tukey autocorrelation method. For each of
the time series shown in Fig. 1, the MTM spectrum has a sig-
nificant peak at the 95% confidence level between periods of 50
and 70 years, as exemplified by the spectra of the spring air-
temperature in western North America and the winter-spring
SLP in the central North Pacific (Fig. 3). This result agrees well
with our observation that the individual epochs are of 23~35
years in length, since the period of each regime consists of two
epochs with opposite sings. The existence of the 50-70 year
variability is consistent with a regional analysis of Ware (1995),
who found variability on this time scale in coastal air- and sea-
surface temperatures and wind stresses along the west coast of
North America. The present results indicate that variability with
these periods characterizes the interdecadal climate changes over
the North Pacific and North America from the late nineteenth
century onward.

Interdecadal variability observed in tree-ring data

In addition to the climate parameters examined above, the
air-temperature was reconstructed based on chronologies of tree-
ring width in North America (Fritts 1991). The air-temperatures
were estimated based on regression relationships in principal
components between instrumentally observed air-temperatures
over the United States and a part of Canada and tree-ring widths
obtained from a tree-ring network consisting of 65 sites in the
western part of the reconstructed area. Reflecting the distribu-
tion difference between the air-temperature stations and tree-
ring sites, the temperature reconstruction in the western region
is more reliable than in the eastern region. Therefore, the recon-
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Figure 2. Spring air-temperature differences at the long-term
weather stations between two periods: (a) 1977-1990 minus
1948-1976; (b) 1948-1976 minus 1925-1947; (c¢) 1925-1947
minus 1890-1924; and (d) 1890-1924 minus 1870-1889. A red
(blue) closed circle indicates that the temperature increase
(decrease) at the station is significant at the 95% confidence
level, whereas a green dot indicates an insignificant difference.
The contours indicate the amplitude of temperature differences,
as calculated for respective stations and smoothed with a Gaus-
sian filter of an e-folding length of 400 km. The contour interval
is 0.4°C, and dashed contours indicate negative values.
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structed temperatures are expected to be capable of detecting
air-temperature changes associated with the regime shifts, since
the changes are evident over western North America as revealed
by the above analysis of the instrumental data.

The pattern of the leading EOF for the reconstructed spring-
time air-temperature (Fig. 4a) is reminiscent of the pattern of
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Figure 3. Normalized MTM spectrum of the spring air-
temperature in western North America shown in Fig. la (solid
curve), and spectrum of the winter-spring SLP in the central
North Pacific shown in Fig. 1c (dashed curve). A dot indicates a
spectrum peak that is significant at the 95% confidence.

air-temperature differences based on instrumental measurements
(Fig. 2), suggesting that this mode is associated with the vari-
ability of the Aleutian low. The regime shifts in the 1920s and
1940s are evident in the time coefficient of this mode, though
another shift around 1890 is not reproduced (Fig. 4b). In the
early period for which instrumental data are not available, sev-
eral interdecadal shifts of the temperature are seen in the time
coefficient since the end of the eighteenth century. The MTM
spectra of the time coefficient of EOF 1 have statistically signifi-
cant peaks between 50-70 year periods in the eighteenth and
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Figure 4. (a) Spatial distribution and (b) time coefficient of
EOF 1 of the spring air-temperature reconstructed from tree-
rings; and (c) evolutive MTM power spectra of the time coeffi-
cient using a 120-year moving window evaluated in 1-year steps.
The EOF 1 explains 48.3% of the total variance. The shaded re-
gion in (a) indicates that the EOF 1 is larger than 0.7, and there-
fore accounts for more than the half of the variance. The EOF is
calculated using the station data, and is smoothed for (a) in the
same manner as in Fig. 2. In (¢), the horizontal axis indicates the
center year of each 120 year segment, and the contours indicate
where the spectrum is significant at the 95% confidence level.
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nineteenth centuries (Fig. 4c). Therefore, the results from the re-
constructed temperature combined with the results of the analy-
ses of the instrumental data indicate that the 50-70 year inter-
decadal variability has been prevalent from the eighteenth cen-
tury to the present in North America.

Discussion

There are two possible causes of the 50-70 year variability.
One is external oscillatory forcing, such as variations in the solar
constant, and the other is an internal oscillation of the atmos-
phere-ocean system. In the present century, the periods of the
deepened Aleutian low and warmer tropical SST roughly corre-
spond to the periods of a stronger solar radiation as estimated
from the length of the sunspot cycle (e.g., Friis-Christensen and
Lassen 1991). However, comparison between the tree-ring re-
constructed air-temperature and the record of the length of the
sunspot cycle reveals no significant relation in the eighteenth
and nineteenth centuries. Therefore, the 50-70 year variability is
likely to be essentially an internal oscillation in the coupled at-
mosphere-ocean system, although it could be modulated by the
external solar radiation heating in the present century.

Several recent studies reported that fish populations over the
North Pacific were significantly influenced by the interdecadal
regime shifts in the 1920s and 1940s, and the shift in the 1970s
as well. Francis and Hare (1994) and Mantua et al. (1997)
showed that the stock of the Alaska salmon decreased in the
1940s and increased in the 1970s. The catch of the Japanese
sardine was affected by all of three regime shifts in the present
century, with larger catch amounts in the regimes with the deep-
ened Aleutian low (I. Yasuda, personal communication). Ko-
dama et al. (1995) reported that local catches of ten fish species
near Enoshima have been influenced by the long term changes in
the Oyashio penetration, which may be interpreted as an influ-
ence on the marine ecosystem of climatic regime shifts as pre-
sented in the present study. Interestingly, a recent paleoclimate
analysis by Baumgartner et al. (1992) provided information of
interdecadal fluctuation in fish populations over a number of
centuries. They found about 60 year variability, which has nearly
the same time scale as found in the present study, in the popula-
tions of sardine and northern anchovy in the eastern North Pa-
cific from sediments in the Santa Barbara basin off California
dating back to AD 270. These results indicate that the 50-70
year climatic variability exerts a strong influence on long-term
changes of fish populations, and hence has important socio-
economic effects.
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