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ABSTRACT

Decadal (>7- yr period) variations of precipitation over western North America account for 20%-50%of the
variance of annual precipitation. Spatially, the decadal variability is broken into several regional [O€000 km)]
components. These decadal variations are contributed by fluctuations in precipitation from seasons of the year
that vary from region to region and that are not necessarily concentrated in the wettest season(s) alone. The
precipitation variations are linked to various decadal atmospheric circulation and SST anomaly patterns where
scales range from regional to global scales and that emphasize tropical or extratropical connections, depending
upon which precipitation region is considered. Further, wet or dry decades are associated with changes in
frequency of at least a few short-period circulation “modes” such as the Pacific-North American pattern.
Precipitation fluctuations over the southwestern United States and the Saskatchewan region of western Canada
are associated with extensive shifts of sea level pressure and SST anomalies, suggesting that they are components
of low-frequency precipitation variability from global-scale climate processes. Consistent with the global scale
of its pressure and SST connection, the Southwest decadal precipitation is aligned with opposing precipitation
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fluctuations in northern Africa.

1. Introduction

Understanding the nature and causes of decadal fluc-
tuations in precipitation is an unresolved problem, partly
because observed records are relatively short or sparse
and because dynamical processes that operate on this
timescale are not firmly identified. Much attention has
been devoted to how and why precipitation varies in
association with the El Nifio-Southern Oscillation
(ENSO) (Ropelewski and Halpert 1986; Diaz and Ki-
ladis 1992; Redmond and Koch 1991). However, de-
cadal-scale fluctuations are crucial because they control
water supplies, affect biota, and may modulate higher-
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frequency events such as floods and drought. Also, low-
frequency natural variability is an important factor in
global change issues because it may obscure human
influences on hydrologic variations. The western part of
North America should be suited to a study of these long-
term fluctuations because of its proximity to the Pacific
Ocean, which is noted as a seat of low-frequency climate
variability (Douglas et al. 1982; Trenberth 1990; Latif
and Barnett 1994; Mantua et al. 1997). Furthermore,
much of western North America is dominated by winter
precipitation from North Pacific storms (Pyke 1972).
Accordingly, the domain of the present study covers
midlatitude North America from the Pacific coast to the
eastern side of the Rocky Mountains.

Examples of multiyear hydroclimatic events in the
western North America region during the instrumental
period include the recent (1987-92) California drought
(e.g., Roos 1994), slow changes in western streamflow
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patterns (Langbein and Slack 1982), changes in snow-
pack across the Rocky Mountains (Changnon et al.
1993), trends in the timing of runoff from the Sierra
Nevada and other mountainous regions of the western
United States (Roos 1991; Aguado et al. 1992; Wahl
1992; Dettinger and Cayan 1995), and multidecadal
groundwater fluctuations (Dettinger and Schaefer 1995).
Webb and Betancourt (1990) documented changes in
flood frequency in southern Arizona associated with
multidecade climate variability, and Ely et al. (1994)
identified multiyear swings in the frequency of large
floods in several rivers in the Southwest from available
historical records. Additional evidence for long wet and
dry spells is provided by proxy recorders of the recent
paleoclimate of this region (Hughes and Brown 1992;
Meko et al. 1993; Stine 1994; Stahle and Cleveland
1988). '
What is not clear is the extent to which long-lived
wet and dry spells are organized across western North
America. Is there spatial structure that recurs from ep-
isode to episode? A complication is that precipitation
is strongly seasonal, so that in most of this region the
wet season of each year is interrupted by a dry season,
which could potentially “clean the slate” for the fol-
lowing wet season. Thus, it is also not clear whether
certain slowly changing climate elements can be iden-
tified that provide a memory that produces spells of
anomalous precipitation. Alternatively, it might be that
these spells are the low-frequency residual of random
processes, that is, nothing more than reddened noise. To
approach these questions, this paper and a companion
study of zonally averaged precipitation along the North
American west coast by Dettinger et al. (1998) describe
aspects of interannual-decadal-scale variability. Here
we examine the following aspects of decadal precipi-
tation variability (periods of 7 yr and greater) over west-
ern North America: 1) What is the spatial structure of
decadal precipitation fluctuations over the West from
the Rocky Mountains to the Pacific coast? 2) How are
regional decadal precipitation anomalies related to at-
mospheric circulation and sea surface temperatures?

2. Data

The primary data are a global gridded (5° lat X 5°
long) monthly set of precipitation anomaly time series
(Eischeid et al. 1991; Eischeid et al. 1995). These data
consist of area averages of monthly anomalies from in-
dividual cooperative and first-order stations. For our ef-
fort, we focus on grid points with adequate data history
(at least 45 yr). Monthly anomalies for all stations within
each 5° grid box were weighted by an inverse-distance
procedure to yield the anomalous precipitation, centered
at each grid point. Analyses herein are restricted to the
time period after 1880 because earlier data are relatively
sparse, and the precipitation data end in 1994. For most
of the present study, the spatial domain of precipitation
data for most of the present study is western North
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FiG. 1. Precipitation grid, showing number of years of observations.

America from 100°W westward to the Pacific coast, and
from 30° to 60°N (Fig. 1), although we later consider
precipitation anomalies over all available global land
areas for comparative purposes.

Historical precipitation data contain a number of ob-
servational inaccuracies (Groisman and Legates 1994)
and these may affect some of the apparent variability
at low frequencies. Also, in the complex terrain of much
of the West, most weather stations are located in lower
elevations (e.g., valleys), so there is a low-elevation bias
in the precipitation observation network. However, the
regional patterns investigated herein are shown to be
loosely consistent with independent records of snow-
pack and streamflow, so these problems probably are
not severe.

Streamflow is from selected U.S. and Canadian
stream gauges (United States Geological Survey and
other sources) having relatively long periods (as early
as 1890 to the present; see Cayan and Peterson 1989).
Streamflow is a useful climate measure because it rep-
resents runoff over a broad region and generally rep-
resents a time period of a few months. Snow accumu-
lation is from a set of 1 April snow course observations
in selected regions (Changnon et al. 1993; Cayan 1996)
with records generally beginning as early as the 1910s.
Snowpack is the accumulation of snow water over the
winter—1 April is typically the zenith of snow accu-
mulation and thus provides a measurement of the high-
elevation precipitation for the entire winter.

Gridded sea level pressure (SLP) anomalies are used
to diagnose the atmospheric circulation patterns asso-
ciated with low-frequency precipitation fluctuations.
SLP anomalies (from 1951-92 monthly means) on a 5°
lat X 5° long grid from 42.5°S to 72.5°N were obtained
from the Scripps Institution of Oceanography, which
developed the set from the U.S. National Meteorological
Center, the U.S. Navy Fleet Numerical Oceanography
Center (Monterey, California), and the Australian, New
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Zealand, and South African meteorological bureaus
(Barnett et al. 1984).

Sea surface temperature (SST) data employed are
1880-1991 monthly averages on a 5° lat X 5° long
global grid from the GISST adjusted-anomaly set pro-
vided by the Hadley Centre (Parker et al. 1995). Anom-
alies were adjusted by the authors of the dataset in an
attempt to remove artificial biases and changes in the
series arising from changes in instrumental techniques.
A significant amount of missing data was filled-in by
the GISST dataset authors by using several EOFs con-
structed from the more recent, better sampled period of
the SST record, based upon remote-sensed (IR radi-
ometer) SST as well as from conventional ship data. In
so doing, some of the finer spatial-scale SST structure
has been filtered out, but this is of minor importance
for our purposes.

3. Decadal patterns of precipitation variability
a. Fraction of variability in decadal frequencies

The precipitation and many of the ancillary datawere
low-pass filtered to form decadal anomalies as well as
bandpass filtered to form ENSO-band anomalies. The
filter employed is a Kaylor filter (Kaylor 1977) with
half-power points at 36 months and 84 months for the
ENSO band-passed components, and a half-power point
at 84 months for the decadal low-passed components.
Precipitation variability contained in the low-frequency
band is substantial (Fig. 2). The decadal band contains
more than 30% of the total annual variance at most grid
points (lower panel of Fig. 2), and the ENSO band con-
tributes more than 20% (middle panel of Fig. 2). In
particular, decadal fluctuations account for greater than
50% of the total variability in the southern and northern
part of the domain, while ENSO fluctuations account
for a relatively large portion of total variability over the
Pacific Northwest. Some of the low-passed precipitation
variability is actually ultra-low-frequency change G.e.,
trends, etc.), but a similar calculation using bandpass
filtering to isolate periods between 7 and 40 yr, showed
that contributions by “trends” are not too strong. Thus,
decadal components are, in this sense, of comparable
importance to the more studied ENSO-scale variability.

b. Regional precipitation patterns

Inspection of various hydrologic records over western
North America indicates that there is considerable in-
homogeneity over the region (Sellers 1968). The time
series of the domain average of the decadal precipitation
has maximum correlation of 0.5 to the decadal precip-
itation series at any one grid point, and most are less
than 0.3. To extract coherent packets of variability, prin-
cipal components (PCs) were calculated using the 42
grid points having at least 80 yr of data (Fig. 1). Then,
the leading PCs were recombined using a varimax ro-
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tation (Richman 1986). The rotated PCs (RPCs) have
relatively broad, strong expressions—these are used to
represent the regional decadal modes that are the focus
of several subsequent analyses. The varimax rotation
may yield more physically realistic patterns than the
original patterns because it produces more regionally
clustered spatial loadings, maximizing the variance of
the squared correlation between the RPCs and the orig-
inal time series (Horel 1981; Richman 1986; Barnston
and Livezey 1987, hereafter BL). Under this rotation,
the orthogonality of the time coefficients (RPCs) is pre-
served, but the spatial loading maps are not necessarily
orthogonal. In this case, six EOFs were rotated; spatial
weights of these six RPCs are shown in Fig. 3. These
six leading modes explain 68% of the precipitation field
variance in the decadal “band” over the study region.

Experimentation showed that the resulting RPCs are
not very sensitive to the choice of grid domain or to
the number of EOFs included in the rotation. A broader
grid, a shorter time series (1900-94), and more EOFs
rotated (as many as 12) produced leading modes with
very similar spatial and temporal structure. The spatial
loading patterns associated with each RPC have regional
centers over the southwestern United States, the Pacific
Northwest, California—Nevada, the Canadian prairies,
Alaska and northwestern Canada, and the central-north-
ern Rockies, respectively. Hereafter these RPCs and
their spatial patterns are called Southwest, Northwest,
California, Saskatchewan, Far North, and Wyoming.
Most of the RPC loadings contain a regional center with
scale of about 1000 km, where a sizable fraction (50%
or more) of the decadal precipitation variance is ex-
plained. Three of the patterns (Southwest, Saskatche-
wan, and California) also contain weak out-of-phase
variability over remote locations. While these are too
flimsy to warrant much attention here, it is worth noting
that there is a tendency for the precipitation supply to
be redistributed, producing opposing anomalies between
southern and northern latitudes. Tendencies for oppos-
ing north—south precipitation anomalies along the West
Coast are analyzed in greater detail by Dettinger et al.
(1998).

The decadal variability captured by the regional pre-
cipitation RPC series may be compared with that of
other independently observed measures of the surface
hydrology. To this end, time series of decadal filtered
1 April snow accumulation and annual streamflow from
selected snow courses and stream gauges within the
regional centers of the RPC loading patterns are plotted
together with their corresponding RPCs in Fig. 4. Snow
course data were not available for the Saskatchewan and
Far North regions. The decadal fluctuations of snow
accumulation and streamflow are quite consistent with
those for each region’s precipitation, although there may
be discrepancies because snow accumulation and
streamflow have such a strong winter character.

The RPCs and associated streamflow and snow ac-
cumulation series exhibit prominent multiyear anoma-
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FiG. 3. Spatial loadings for first six RPCs of decadal precipitation. These are expressed as correlations between the RPCs and the original
decadal precipitation time series at each grid point.

lies for the respective regions. Especially notable are
the transition from generally dry to generally wet around
1950 in the Northwest, long midcentury dry spells in
Wyoming, and dry episodes in California that are spaced
at fairly regular intervals of 15 yr apart. Some important
features during the early part of the record (e.g., mid-
to late 1800s through early 1900s) are indicated by scat-

tered observations, but are not well resolved. This in-
cludes the apparent very high precipitation in the South-
west during the 1880s (Fig. 4); this episode is supported
by observations that many of the present-day arroyos
in the Southwest were cut during this episode (Webb et
al. 1991). Together the series in Fig. 4 demonstrate that
the precipitation patterns identified by this RPC pro-
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Decadal Filtered Hydroclimate Time Series
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FiG. 4. RPCs of decadal precipitation (green) compared with snow accumulation (snow water
equivalent, red) and stream discharge (blue) within the six RPC regions.

cedure reflect actual hydroclimatic fluctuations and are
not artifacts of the particular precipitation data used.

c. Seasonality

For a given region, precipitation anomalies during
certain seasons may contribute much more strongly than
those during the rest of the year in producing decadal
variability. To determine which months contribute most
to decadal precipitation fluctuations, each decadal pre-
cipitation RPC series was correlated (Fig. 5) with un-
filtered monthly precipitation anomaly series from a grid
point at the center of its respective spatial loading pat-
tern. For comparison with the climatological cycle, the
long-term monthly mean precipitation at these centers
is superimposed on each of graphs in Fig. 5.

In the Southwest, there are contributions to decadal
variability during fall and winter in addition to summer,

even though the seasonal cycle is peaked in late summer.
In the Northwest, fall-winter contributions are greatest
in producing decadal variability, strongly paralleling its
seasonal cycle. Similarly, California has a strong winter
contribution which is closely aligned with its strong
mediterranean winter climatological pattern. Decadal
precipitation variations in Saskatchewan are dominated
by a broad warm season (spring—early fall) contribution,
which is generally consistent with its summer seasonal
maximum. The Far North is marked by contributions
over several seasons (fall, winter, and summer), while
its climatological mean pattern has a broad summer
maximum. In Wyoming, largest contributions to decadal
variability occur from June through November, while
its climatology contains a decided May—June peak.
The makeup of these seasonal contributions was quite
stable over the period of record, as indicated by a com-
parison of analogous correlations computed separately
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Seasonality and Decadal PPT
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F1G. 5. Correlation (bars) of monthly unfiltered precipitation with
decadal precipitation RPCs for selected monthly precipitation grid
within each RPC region. For comparison, solid curve shows clima-
tological monthly precipitation within each region.

from the first and second halves of the dataset. Gen-
erally, the seasonal contributions to decadal variability
indicate that 1) decadal precipitation variation is often
dominated by the months with largest climatological
precipitation, but 2) the contributions are not restricted
to the peak precipitation months, and 3) no single season
(e.g., winter or spring) is the source of decadal variation
over the whole western region. In the large perspective,
both winter and summer contribute strongly to decadal
variability.

4. Connection to atmospheric circulation
a. Association with decadal SLP field

To better understand their causes, we wish to know
how patterns of decadal precipitation variability relate
to atmospheric circulation. Therefore, we next employ
the regional RPCs of the anomalous decadal precipi-
tation in correlation analyses with global SLPs and (lat-
er) SSTs to address the following questions: Do decadal
circulation linkages resemble their more familiar coun-
terparts at monthly interannual timescales? Are the as-
sociated circulation patterns regional or global?

Fields of correlations between the decadal precipi-
tation RPC amplitudes and decadal filtered SLP (Fig.
6) were mapped and examined to isolate possible causal
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mechanisms and links to regional and remote atmo-
spheric circulations. These maps express the correla-
tions between a particular RPC series and the decadal
filtered SLP of each grid point. Later analyses employ
the same tactic, but in relationship to decadal filtered
SST. With the multiyear variability considered, there is
considerable uncertainty in these correlations, which
should probably be viewed without too much regard for
their local levels of significance. However, to estimate
the overall level of significance for a given correlation
map (*‘field significance’”) (Livezey and Chen 1983), a
Monte Carlo exercise was conducted by gaging the area
of significant correlation contained by the observed case
against that of a set of 1000 synthetic correlation maps.
To implement the Monte Carlo procedure, the sequence
of observed annual mean SLP or SST anomaly maps
was shuffled randomly and the resulting set of maps
was then decadally filtered. The filtered synthetic se-
quences were then correlated with the unshuffled de-
cadal precipitation RPCs to produce the 1000 different
correlation maps. The original decadal precipitation
RPCs were left intact to retain their meaning with re-
spect to temporal and spatial variability; the original
SLP and SST maps (spatial distribution of data) were
also left intact to preserve spatial correlations, but the
time sequences of these global maps were shuffled. Field
significance was judged by counting the number of grid
points in the observed map with higher positive (or
lower negative) correlations than various threshold cor-
relations, and gauging this number against correspond-
ing counts from the sequence of synthetic maps. Con-
fidence estimates from the Monte Carlo trials of cor-
relations between the decadal precipitation RPCs and
the SLP and SST fields are shown in Table 1. In the
text, we report on the significance estimate based on the
0.5 correlation threshold; in general, these are consistent
with those based on the other (0.3 and 0.7) correlation
thresholds. The teleconnections of the decadal RPCs to
atmospheric circulation vary widely in their spatial cx-
tent. Those of the Northwest (Fig. 6b) and California
(not shown) RPCs are mostly confined to influences of
regional-scale SLP anomalies. On the other hand, the
Southwest and Saskatchewan RPCs are correlated (Figs.
6a,c) to decadal SLP anomalies on nearly global scales.

The Southwest decadal precipitation pattern is asso-
ciated with a globally extensive SLP anomaly distri-
bution (Fig. 6a). (For convenience, the correlations are
discussed in terms of conditions associated with the wet
phase of each western North American precipitation pat-
tern; circulation associated with the dry phase would be
opposite.) The field significance of this correlation map
is high (p << 0.05). Wet conditions in the Southwest are
most strongly related to anomalously low pressure south
of the Aleutians. On a much broader scale, however,
they are correlated to low pressure anomalies over the
eastern Pacific/eastern America region in both the
Northern and Southern Hemispheres; and to high pres-
sure anomalies over much of the remainder of the
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FIG. 6. (a)—(d) Correlation fields, decadal precipitation RPCs vs. SLP over global grid, 1951-93 for
Southwest, Northwest, Saskatchewan, and Far North RPCs.
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TaBLE 1. Field significance levels (as p values)—correlation maps of decadal precipitation RPCs vs SLP. and SST for regions exceeding
three correlation thresholds. Bold shading designates values exceeding the 95% significance level (p < 0.05).

s SLP SST
Decadal precip
RPC lpl > 0.3 lpl > 0.5 Ipl > 0.7 lpl > 0.3 lpl > 0.5 lpl > 0.7
Southwest 0.056 0.048 0.035 0.050 0.026 0.030
Northwest 0.218 0.146 0.161 0.219 0.400 —
California 0.360 0.500 0.400 0.500 0.500 —
Saskatchewan 0.043 0.075 0.400 0.023 0.037 —
Far North 0.240 0.270 0.400 0.001 0.001 0.001
Wyoming 0.800 0.800 0.900 0.700 0.700 —

globe—particularly over Eurasia, the western Pacific,
and the Indian Oceans. This global pattern resembles
the classical Walker circulation—the Southern Oscil-
lation in its warm, El Nifio phase (Philander 1990).
Thus, wet conditions in the Southwest have occurred
during epochs with El Nifio-like conditions, such as
those in recent decades.

Decadal wet conditions in the Northwest are asso-
ciated with a fairly strong regional low pressure center
offshore in the easternmost Gulf of Alaska (Fig. 6b).
Field significance for this map is not too high (p <
0.15), but the regional pattern provides an interesting
contrast to the larger-scale ones for Southwest, Sas-
katchewan, and Far North. Among the apparent remote
teleconnections, high pressure is situated to the north,
centered over Kamchatka, northern Canada, and mid-
latitudes of the western North Atantic. Interestingly,
the low pressure anomaly correlated with decadal wet
spells in the Northwest is similar to that which produces
heavy seasonal precipitation (unfiltered) in the region
(Klein and Bloom 1987) but in the decadal case, the
anomalous low pressure is more confined to the eastern
margin of the North Pacific.

Like the Southwest pattern, the wet phase of the Sas-
katchewan RPC has a strong global-scale link to the
SLP field (Fig. 6¢). Field significance is relatively high
(p < 0.08). In closest proximity to the region, the pattern
is associated with a swath of negative SLP anomalies
extending to the northwest over Alaska and eastward
into the Great Lakes. This regional anomaly structure
presumably represents a long-term preference for cy-
clones to track from the Gulf of Alaska southeastward
through western Canada. The most impressive aspect of
the Saskatchewan circulation pattern, however, is its
spatially extensive correlations, which literally span the
globe. Later, it is shown that this pattern is consistent
with broad-scale correlations to anomalous SST. Posi-
tive SLP anomalies over northern Asia and most of the
eastern Pacific oppose the aforementioned regional
anomalies over North America as well as a broad ex-
panse of negative anomalies from South America, Af-
rica, the Indian Ocean, Australia, and the western trop-
ical Pacific. Except for North America, this pattern is
quite opposite to the one for the Southwest RPC. In-
terestingly, the decadal precipitation anomalies in Sas-
katchewan can be mostly attributed to summer precip-

itation variability, in contrast to the more winter-dom-
inated precipitation of the other regional RPC variations.

Far North SLP correlations (Fig. 6d) are not very
impressive immediately over the Far North region itself,
but carry a modest larger-scale signature. Field signif-
icance is not very impressive (p < 0.27) but because
this decadal precipitation mode correlates strongly with
SST, the SLP map is shown for comparison. Wet con-
ditions in the Far North correlate with negative SLP
anomalies in high northern latitudes, centered over Rus-
sia and eastern Canada. There are also correlations with
low pressure at 20°-30°S over the South Pacific and
over southern Africa and the eastern Indian Ocean. Cor-
relations with high pressures occur in lower middle lat-
itudes.

The Wyoming decadal precipitation RPC mode is
weakly correlated to any large-scale circulation pattern,
but wet conditions there are associated with high pres-
sure anomalies over midlatitudes of the North Pacific
and the North Atlantic. The Wyoming pattern is the only
case without a well-developed low in the vicinity of the
particular precipitation region.

b. Association with short-period circulation patterns

It seems appropriate to question: from what times-
cales are the decadal SLP correlations derived? Are the
composite atmospheric circulation patterns in Fig. 6 pro-
duced by variations of a single atmospheric pattern, or
are they the composite expression of several patterns?
In examining such questions for a decadal shift in winter
snow accumulation over the Rocky Mountains, Chang-
non et al. (1993) found that changes in four daily syn-
optic patterns were involved. In considering ENSO ef-
fects on winter precipitation over the western states,
Cayan and Redmond (1994) identified five monthly
North Pacific circulation patterns whose frequency of
occurrence changed significantly between the warm and
cool phases of the tropical Pacific.

Pursuing a similar strategy, an RPC analysis was con-
ducted from unfiltered monthly gridded 700-mb height
anomalies over the (20° to 70°N, 110°E to 65°W) sector
of the Northern Hemisphere for all Novembers through
March (NDJFM), 1947-92. These months were used
because of the strong fall-winter—spring contribution to
the decadal precipitation fluctuations at several of the
precipitation regions (Fig. 5). Connections to monthly




DECEMBER 1998 CAYAN ET AL. 3157

Northwest wet

Wyoming wet

California wet

120°E 180" 120'W 60°'W

700mb RPC 7, 6.8% var

Saskatchewan wet:
»
Wyoming wet -
20 3
E =
P “ ¥
T ¥ T . T
120°E 180° 120'W 60'W

Southwest wet

Wyoming wet

California wet

700mb RPC 6 (TNH), 6.8% var

70°N
L

60°N - y A :

1 O 1 California wet
50°N - v 3

AA

40°N
30°N 20
20°'N 5 r L -

120°E 180° 120°'W 60°'W

700mb RPC 8, 5.6% var
70°N

] Southwest wet
60°N - .,

1 Y »t Far North wet
50'N gy N
40°N 5 0
30°N A S
20'N ¥4 : -

120°E 180° 120'W 60°'W

———

-100  -50 -40 -10 0 10 40 50 100

FiG. 7. Spatial loading patterns of monthly 700-mb height, NDJFM,

frequency of each of these

scale variability, if present, should be particularly mean-
ingful during NDJFM. Several of the resulting eight
RPCs of monthly 700-mb height were recognized as
having patterns identified by Wallace and Gutzler (1981)
and BL in their classification of monthly Northern
Hemisphere circulation types.

The eight primary monthly modes identified here are
illustrated in Fig. 7, along with their contribution to the
variance of 700-mb height anomalies over the entire
space—time domain. RPC1 is identified as the West Pa-
cific oscillation (WPO); RPC2 resembles the Pacific—
North America (PNA) pattern; RPC3 appears to be a
western accentuated version of the North Atlantic os-
cillation (NAO); RPC4 is an unnamed pattern centered

Correlation x 100

1947-92. Decadal precipitation tendencies associated with changes in
patterns is noted beside each.

over southeast China that we call the *““Asia” pattern;
RPCS5 is the East Pacific (EP) pattern; RPC6 is the Trop-
ical-Northern Hemisphere (TNH) pattern; RPC7 is an
unnamed center over North America with a minor op-
posite phase structure to the west covering the eastern
North Pacific; and RPC8 is an unnamed pattern that
captures anomalous southeast-to-northwest gradients of
pressure along the eastern North Pacific-western North
America region. Differences between the present 700-
mb height RPCs and those of BL can be explained by
differences in datasets and methodology: BL's data are
1950-84 while ours are 1948-92; and BL analyzed time
series of each month individually while ours are from
a pooled 5-month block time series.






