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ABSTRACT

Interannual and interdecadal variability in the summertime mean North Pacific storm track is examined in
relation to summertime mean sea surface temperature (SST), nimbostratus, and marine stratiform cloudiness
(MSC) (stratus, stratocumulus, fog). The storm track is diagnosed by root-mean-squared daily vertical velocity
at 500 mb during the summer season (rms w) obtained from the National Centers for Environmental Prediction—
National Center for Atmospheric Research reanalysis. The cloud and SST data are obtained from surface ob-
servations. Year-to-year variations in the storm track exhibit significant coupling to variations in cloudiness and
SST across the North Pacific. These correspond to coincident latitudinal shifts in the storm track, SST gradient,
and MSC gradient. Moreover, both rms » and nimbostratus show that the storm track moved equatorward and
intensified between 1952 and 1995, consistent with the previously documented upward trend in MSC and
downward trend in SST. Lead-lag relationships suggest variability in the storm track has a large role in forcing
variability in SST. Boundary layer cloudiness responds to and adds a positive feedback to variability in SST.

Weak relationships are observed with the summertime mean large-scale circulation, as diagnosed by sea level
pressure. This suggests summertime North Pacific atmosphere—ocean interaction is dominated by local processes
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operating in the storm track and over the SST gradient, unlike the situation during winter.

1. Introduction

Cloudiness is one of the most important variables
influencing the earth’s radiation budget, but its role in
global climate system is not well understood. Since cur-
rent general circulation models do not consistently and
correctly simulate cloudiness (Cess et al. 1996; Weare
et al. 1996), observational studies have been undertaken
to investigate variability in cloudiness over the extra-
tropical ocean on interannual and longer timescales
(e.g., Hanson 1991; Klein et a. 1995; Norrisand Leovy
1994; Norris et al. 1998; Weare 1994). These investi-
gations have primarily examined relationships between
sea surface temperature (SST) and cloudiness in the
marine boundary layer. For example, Norriset al. (1998;
hereafter NZW) examined interannual and interdecadal
variability in marine stratiform cloudiness (MSC; stra-
tus, stratocumulus, and fog) and SST over the sum-
mertime North Pacific between 1952 and 1992. Using
empirical orthogonal function analysis and singular val-
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ue decomposition analysis, they found that seasonal
anomalies in MSC amount tend to be negatively cor-
related with seasonal SST anomalies, particularly in the
central and western Pacific along 35°N (NZW, Fig. 5).
This region coincides with strong meridional gradients
in climatological SST and M SC amount, and interannual
anomalies reflect year-to-year coupled latitudinal shifts
in the gradient locations. Along with short-term vari-
ability, a long-term decrease in SST and increase in
MSC amount occur during the 1952-92 time period.
These results are suggestive of a positive cloud feedback
on SST, where increased cloud amount acts to cool the
ocean by decreasing surface insolation and decreased
SST favors greater M SC amount through boundary lay-
er processes described in Norris (1997) (hereafter N97).

NZW also examined relationships between seasonal
anomalies of sea level pressure (SLP) and MSC and
SST over the summertime North Pacific. Colder SST
and greater MSC amount in the central North Pacific
are associated with a slight weakening of the northwest
flank of the seasonal mean subtropical anticyclone
(NZW, Figs. 6 and 7), but coupling between SST and
SLPisweak. This lack of connection with the seasonal
mean large-scale circulation isin distinct contrast to the
situation during winter, when SST anomalies exhibit
substantially stronger coupling to the Pacific—North
America pattern, the dominant mode of low-frequency
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atmospheric variability in this sector (Wallace et al.
1992).

The weak organization of summertime atmospheric
circulation over the North Pacific favors the view that
summertime midlatitude atmosphere—ocean interaction
predominantly occurs between atmospheric and oceanic
boundary layers, but there is evidence to the contrary.
Norris and Leovy (1994) (hereafter NL94) found that
local correlations between seasonal anomalies of nim-
bostratus and SST are nearly as high as correlations
between MSC amount and SST over the centra and
western North Pacific during summer. Although these
correlations suggested the occurrence of coincident lat-
itudinal shifts of the storm track and the SST gradient,
it was not clear how much of the surface-observed nim-
bostratus was merely thickened boundary layer stratus
because the data used by NL94 (Warren et al. 1988)
included an unknown contribution from drizzle reports.
As an dternative, N97 investigated interannual shiftsin
the storm track between 1954 and 1992 using seasonal
variance of daily surface geostrophic meridiona wind
component estimated from SL P analyses. Unfortunately,
results were marginal due to changes in analysis pro-
cedure over the time period.

It is important to establish whether changes in the
location and strength of the summertime storm track are
related to changes in SST and cloudiness in order to
understand what cloud processes and cloud feedbacks
over the midlatitude ocean are significant. NZW sug-
gested positive feedback between SST and boundary
layer cloudiness contributes to the persistence of SST
anomaly patterns through the summer season despite
thelow thermal inertiaof the shallow summertime ocean
mixed layer. This picture becomes more complex if it
is necessary to consider changes in surface forcing re-
lated more to synoptic activity than to asimpleboundary
layer response to SST. Weaver and Ramanathan (1996)
have demonstrated that cloudiness associated with ex-
tratropical cyclones produces the strongest radiative
forcing over the summertime North Pacific. Further-
more, extratropical cyclones produce greater surface
stress and surface heat flux. The present study extends
the work of NZW by examining interannual and inter-
decadal variability in the storm track, cloudiness, and
SST over the summertime North Pacific. The storm
track is diagnosed by a new surface-observed nimbo-
stratus dataset that excludes drizzle and by a dynamical
measure of synoptic activity obtained from the recently
completed National Centers for Environmental Predic-
tion—National Center for Atmospheric Research
(NCEP-NCAR) reanalysis project.

2. Data and analysis procedures

The time period examined by the present study is
1952-95. Results are presented for the summer season,
defined as June-August (JJA). The winter season, de-
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fined as December—February, was also analyzed, but no
results are shown.

Cloud data were obtained from the raw dataset of
surface synoptic observations used by NZW, now up-
dated through 1995. The same method was used to cal-
culate mean M SC amount, except the 2.5° lat X 5° long
averages were aggregated to aregular 5° lat X 10° long
grid instead of a 10° lat X 20° long grid. The disad-
vantage of greater sampling noise is outweighed by the
advantage of better spatial resolution. Nimbostratuswas
diagnosed following Hahn et a. (1996), except no driz-
Zle reports were allowed to contribute. To avoid as-
sumptions about upper-level cloud cover when low-lev-
el cloud cover is overcast, nimbostratus frequency-of-
occurrence (FQ) was used instead of nimbostratus cloud
amount (the presence of nimbostratus can always be
identified by the occurrence of precipitation). There is
little difference between the two since nimbostratus is
almost always overcast when it occurs. Nimbostratus
FQ was averaged to JJA means and a 5° X 10° grid in
the same manner as for MSC amount. Only daytime
(including twilight) observations were used to calculate
MSC amount and nimbostratus FQ because observers
sometimes have difficulty identifying cloudiness under
conditions of poor illumination (Hahn et al. 1995; Roz-
endaal et al. 1995).

SST data were obtained from the Global Ocean Sur-
face Temperature Atlas (Bottomley et al. 1990), updated
through 1995. The 5° X 5° monthly means were aver-
aged to 5° X 10° JJA means. This dataset producesvery
similar results to the Comprehensive Atmosphere—
Ocean Data Set (COADS; Woodruff et. al. 1987) used
by NZW.SLP data were obtained from the NCEP-
NCAR reanalysis project (Kalnay et al. 1996) and pro-
duce very similar results to the COADS SLP used by
NZW. Monthly 2.5° X 2.5° means were averaged to JJA
5° lat X 10° long means. Because the reanalysis grid is
offset from the grid used by the SST and cloud data,
the centerpoints of the SLP 5° lat X 10° long grid boxes
are 1.25° north and 1.25° west of the centerpoints of the
SST and cloud 5° lat X 10° long grid boxes.

The mean location and intensity of synoptic activity
during JJA was diagnosed by the root-mean-squared
daily pressure vertical velocity (w) at 500 mb (hereafter
referred to as rms w). A 3-30-day bandpass filter was
applied to dailly mean w using a 121-point weighted
running mean. Most of the power is at synoptic time-
scales, as would be expected for vertical velocity. The
seasonal mean was subtracted from the filtered daily
means, and the resulting daily deviations were used to
calculate rms w during JJA. The 2.5° X 2.5° meanswere
averaged to 5° lat X 10° long means on the same grid
asfor SLP. Rms w was chosen as a measure for synoptic
activity because the occurrence of nimbostratusis close-
ly related to midtropospheric vertical velocity and be-
cause Weaver and Ramanathan (1997) note that sum-
mertime shortwave cloud radiative forcing is greatest
where rms o is greatest. Large rms w is associated with
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Fic. 1. (a) Climatological JJA daytime nimbostratus FQ. Contour interval is 1%,; threshold for lighter
(darker) shading is 4% (5%). (b) Climatological JJA rms . Contour interval is 10 mb day*; threshold
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for lighter (darker) shading is 50 mb day—* (60 mb day~1).

agreater frequency of strong ascent and hence the more
frequent occurrence of thick, high-albedo frontal clouds.

Following NZW, empirical orthogonal function
(EOF) analysis and singular value decomposition (SVD)
analysis (Bretherton et al. 1992) were used to identify
the dominant spatial patterns associated with interannual
and interdecadal variability in the parameters. The do-
main for the EOF and SVD analyses was chosen to be
25°—60°N to focus on midlatitude processes. Regions
west of 140°E and east of 120°W were excluded from
the domain to avoid cloud variability due to offshore
flow. The Bering Sea and the Sea of Okhotsk were also
excluded to avoid spurious cloud variability arising from
the low sampling density. The results are not sensitive
to these limitations of the domain. SVD statistics for
describing the strength of coupling between two fields
are squared covariance fraction (SCF), normalized root-
mean-squared covariance (NC), and the correlation be-
tween the expansion coefficient time series of the left
and right fields of an SVD mode (r). The NC, defined
in Zhang et al. (1998) (hereafter ZNW), is introduced
to more directly compare the strength of relationship
between left and right fields obtained from different
SVD analyses. Statistical significance was calculated by
a Monte Carlo method taking autocorrelation into ac-
count that is described in the appendix.

EOF and SVD analysis results are presented by re-
gressing the fields on the normalized expansion coef-
ficient time series; hence, the contoured val ues represent
typical anomalies. In the terminology of Bretherton et

al. (1992), the fields presented from SVD analysis are
heterogeneous regression patterns.

3. Results

Climatological nimbostratus FQ and rms w over the
summertime midlatitude North Pacific are displayed in
Fig. 1. This nimbostratus climatology is generally sim-
ilar to that of Warren et al. (1988) but has smaller values
due to the exclusion of drizzle observations. The nim-
bostratus band seen in Fig. 1 stretching east from Japan
coincides with climatological bands of surface-observed
bad weather stratus (a low cloud type) (Norris 1998)
and enhanced cloud liquid water path (Weng et al.
1997). Rms w exhibits a maximum located poleward of
the nimbostratus band. For conciseness climatol ogies of
summertime North Pacific SST and MSC amount will
not be displayed but instead can be found in NL94’s
Fig. 2 (SST) and their Fig. 1 (MSC amount).

Figure 2 displays the leading EOF patterns of nim-
bostratus FQ and rms w, and Table 1 lists the variance
explained. The EOF patterns of both parameters exhibit
banded structures with centers of action slightly equa-
torward of the climatological maxima, confirming the
existence of year-to-year latitudinal shiftsin thelocation
and intensity of the summertime storm track. It is in-
teresting to note that the amplitude of the leading sum-
mertime rms o EOF is as strong as the amplitude of
the leading wintertime EOF despite the fact that cli-
matological wintertime rms w is almost twice as strong
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FiG. 2. Leading EOF patterns for (a) JJA daytime nimbostratus FQ and (b) JJA rms w. Contour
intervals are 0.5% and 2 mb day—*; the zero contour is thickened and negative contours are dashed.

(not shown). Although the present study examines a
dlightly different period of record than the papers of
ZNW and NZW (1952-95 instead of 1952—-92), thelead-
ing EOF patterns for SST and SLP are nearly identical
to ZNW's Fig. 4b (SST) and NZW'’s Fig. 8 (SLP) and
thus will not be displayed. The leading EOF pattern for
MSC amount (not shown) has a more zonally elongated
central North Pacific center of action but weaker eastern
subtropical North Pacific center of action than does
NZW'’s Fig. 3. This difference probably results from
analyzing a domain north of 25°N instead of 10°N.
Normalized time series corresponding to the leading
EOFs are plotted in Fig. 3 for all parameters. Consid-
erable correspondence is evident in the time series for
nimbostratus FQ, rms o, MSC amount, and SST, and
correlations between them are all statistically significant
(Table 2). Less correspondence is evident in the SLP
time series, and correlations between SLP and the other
parameters are much weaker. Generally upward trends
exist in al time series except SLP. These correspond to
an increase in nimbostratus FQ, an increase in rms w,
an increase in MSC amount, and a decrease in SST
across the North Pacific in the vicinity of 40°N. These

TaBLE 1. Variance explained by the first and second EOFs.

Parameter EOF 1 (%) EOF 2 (%)
Nimbostratus FQ 13.1 10.3
Rms w 29.1 9.8
MSC amount 19.1 13.2
SST 26.4 18.3
SLP 35.1 17.4

are in qualitative agreement with trends calculated at
single grid points for nimbostratus (including drizzle),
MSC amount, and SST (NL94; Norrisand Leovy 1995).
The equatorward shift of the storm track is consistent
with the decreasing trend in 500-mb geopotential height
over the summertime midlatitude North Pacific docu-
mented by Reiter and Westhoff (1982) and Shabbar et
al. (1990).

To investigate coupling between the summertime
storm track and SST more closely, SVD analysis was
conducted on nimbostratus FQ paired with SST (Fig.
4) and rms w paired with SST (Fig. 5). The temporal
behavior of the SVD expansion coefficient time series
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Fic. 3. Normalized time series for leading JJA EOFs of (top to
bottom) rms w, daytime nimbostratus FQ, daytime M SC amount, SST,
and SLP. Tick marks on the ordinate scale are at intervals of two
standard deviations.
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TABLE 2. Correlation between EOF time series. Bold indicates
95% significance. Units are percent.

MSC
Rms @  amount SST SLP
Nimbostratus FQ 72 73 66 21
Rms w 73 60 23
MSC amount 71 34
SST 37

(not shown) can be inferred from the EOF expansion
coefficient time series in Fig. 3. The patterns presented
in Fig. 4 resemble the leading EOFs for nimbostratus
FQ (Fig. 2) and SST (ZNW, their Fig. 4b). An equa-
torward shift of the nimbostratus band is associated with
an equatorward shift of the SST gradient. Figure 5 dis-
plays a similar equatorward shift and intensification of
rms w. This pattern resembles that for the leading EOF
(Fig. 2). Statistics for the SVD analyses (listed in Table
3) indicate significant coupling between the storm track
and SST. Because apparent coupling can be generated
by the coincident trends in the fields, SVD analysiswas
performed on data that had been detrended using the
year-to-year difference method described in NZW. Sim-
ilar spatial patterns result, and the correlation of SVD
expansion coefficient time series increases (nimbostra-
tus-SST r = 83; rms «-SST r = 82).

Statistically significant coupling also exists between
the summertime storm track and MSC amount (Table
3). While this might be expected for MSC and nim-
bostratus (since the low clouds that commonly occur
under nimbostratus contribute to MSC), it is also the
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case for MSC and rms w. Figure 6 presents the SVD
patterns for MSC amount paired with rms w. An equa-
torward shift in the MSC gradient across nearly the
entire North Pacific is associated with an equatorward
shift of the storm track. Summertime midlatitude MSC
and SST variations are very strongly coupled, as indi-
cated by Table 3. The SVD patterns (not shown) are
similar to those displayed in NZW'’s Fig. 5, except ex-
cluding the subtropics from the SVD domain leads to
a weaker eastern subtropical center of action than seen
in NZW’s Fig. 5. SVD analysis on the detrended fields
shows that coupling with MSC is even stronger when
the interdecadal variability has been removed (MSC-
SSTr = 92, MSCHms w r = 85).

The weak and largely nonsignificant SLP statisticsin
Tables 2 and 3 indicate the mean large-scale surface
circulation plays little role in variability over the sum-
mertime midlatitude North Pacific (SVD patterns not
shown). The dramatic drop in MSC-SLP coupling
strength from NZW (SCF/NC/r = 62/18/82) to the pres-
ent study (SCF/NC/r = 48/14/66) is attributed to con-
fining the SVD domain to latitudes poleward of 25°N.
Variability in summertime SLP over the North Pacific
is dominated by variability in the subtropical anticy-
clone, and boundary layer cloudiness over the western
and central North Pacific is less affected by the sub-
tropical anticyclone than boundary layer cloudiness
over the eastern subtropical North Pacific. The absence
of along-term trend in the SLP field may account for
part of the lack of coupling since stronger correlations
are obtained for SVD pairs of SLP with the other pa-
rameters when using detrended data (r = 70 to 77).
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FiG. 4. Leading SVD patterns for () JJA daytime nimbostratus FQ paired with (b) JJA SST. Contour
intervas are 0.5% and 0.1°C; the zero contour is thickened and negative contours are dashed.



15 JANUARY 2000

NORRIS

427

60N

40N

I
140E

160E

I
120W  100W

40N

......

P

I I
120E 140E 160E 180

I
140W 120W 100W

Fic. 5. Leading SVD patterns for (a) JJA RMS w paired with (b) JJA SST. Contour intervals are 2
mb day—* and 0.1°C; the zero contour is thickened and negative contours are dashed.

Nevertheless, these values are still less than those ob-
tained for detrended SVD pairs not including SLP.

4. Discussion

The EOF and SVD analysis results presented in the
previous section demonstrate that interannual and in-
terdecadal variability in the location and intensity of the
summertime storm track is related to large-scale vari-
ability in North Pacific SST, but the precise nature of
this coupling is more difficult to determine. Modeling
studies evaluating the influence of midlatitude SST
anomalies on wintertime atmospheric circulation (e.g.
Ferranti et al. 1994; Kushnir and Held 1996; Lau and
Nath 1990, among others) have produced ambiguous
results. Some provide evidence that the storm track
shifts equatorward in response to cold SST anomalies
and poleward in response to warm SST anomalies, but
the sensitivity of atmospheric circulation to midlatitude
SST anomalies is weak. The very few modeling studies
evaluating the influence of midlatitude SST anomalies
on summertime atmospheric circulation (e.g. Lau and

TABLE 3. SVD statistics as described in section 2 (SCF/NC/r).
Bold indicates 95% significance. Units are percent.

MSC
RmMs w amount SST SLP
Nimbostratus FQ 57/15/81 43/13/85 50/14/79 40/11/72
Rms w 68/19/83 71/19/76  48/13/54
MSC amount 55/18/87 48/14/66
SST 57/17/66

Nath 1990) indicate the atmospheric response is even
weaker.

The influence of storm track variability on SST has
a more solid basis. Increased synoptic activity is asso-
ciated with increased latent and sensible heat fluxes due
to more frequent northerly advection and greater wind
speeds (N97). These act to produce a cold SST anomaly.
Increased synoptic activity is also associated with re-
duced surface insolation due to greater upper-level
cloudiness (Weaver and Ramanathan 1996, 1997),
which acts to produce a cold SST anomaly. Moreover,
stronger winds associated with extratropical storms can
create increased mechanical turbulence and entrain cold
water from below into the ocean mixed layer. However,
it is beyond the scope of the present study to quanti-
tatively evaluate the impacts of cloud radiative forcing,
latent and sensible heat fluxes, surface wind stress, and
ocean mixed layer processes on summertime SST.

The impact of the storm track on SST variability can
be explored with lead-ag correlations. Figure 7 shows
that the springtime anomaly pattern of rms w is closely
related to the summertime anomaly pattern of SST and
the summertime anomaly pattern of rms w is closely
related to the autumnal anomaly pattern of SST. This
provides credence to the view that shifts in the storm
track have a large role in producing shifts in the SST
gradient. The fact that the correlation between simul-
taneous rms « and SST is as great as the correlation
when rms o leads SST suggests that the storm track
may in turn respond to SST anomalies. An alternative
but not mutually exclusive explanation is that the shal-
lowness of the summertime ocean mixed layer (20—30
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m; Bathen 1972) allows significant changes in SST to  SST. This suggests that boundary layer cloudiness pri-
occur on timescales less than a month. Correlationsbe-  marily respondsto SST and provides apositive feedback
tween MSC amount and SST exhibit much less lead— by changing surface insolation.

lag asymmetry than do correlations between rms » and The character of atmosphere—ocean interaction in the
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Fic. 7. (a) Correlation of SVD expansion coefficients (r) for SST, daytime MSC amount, daytime nimbostratus FQ, and rms w during JJA
paired with lagged 3-month average SST. (b) Correlation of SVD expansion coefficients (r) for SST during JJA with lagged 3-month average
SST, daytime MSC amount, daytime nimbostratus FQ, and rms w. Filled symbols indicate 95% significance.
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North Pacific basin is very different between summer
and winter. Summertime spatia patterns of variability
in SST, rms w, nimbostratus FQ, and MSC amount are
zonal with nearly coincident centers of action. Thissug-
gests local processes operating in the storm track and
over the SST gradient dominate interactions between
the oceanic mixed layer, atmospheric boundary layer,
and free atmosphere. Contrastingly, wintertime spatial
patterns of SST, rms w, nimbostratus FQ, and MSC
amount do not have coincident centers of action and are
not as closely coupled (not shown). Only relationships
to mean SLP become stronger. This suggests the mean
large-scale circulation and advection of cold continental
air masses dominate interaction between the ocean and
atmosphere.

5. Concluding remarks

The large correlation of leading rms » with SST and
the lack of sensitivity of atmospheric GCMs to midlat-
itude SST anomalies favors the hypothesis that the ob-
served coupling between variability in the storm track
and SST during summer primarily results from the at-
mosphere forcing the ocean. The resulting SST anom-
alies in turn modify the boundary layer and produce
anomalies in MSC amount, which cause an additional
positive feedback on SST. Variability in the storm track
may also directly produce anomalies in MSC amount.
Little relationship with the mean large-scale circulation
is observed, probably because the lower continent—
ocean temperature contrast during summer results in
minimal exchange between atmosphere and ocean away
from the SST gradient region.

If indeed it is the atmosphere primarily forcing the
ocean, the question arises as to why parameters such as
rms w exhibit interdecadal variability. The limited mem-
ory of the atmosphere suggests that the observed trend
in the storm track must be aresponse to forcing by some
other part of the climate system. The ambiguous sen-
sitivity of the atmosphere to midlatitude SST anomalies
suggests it is not the midlatitude ocean. The Tropics
seem a more likely candidate since the sensitivity of
wintertime midlatitude atmospheric circulation to the
tropical SST is well established (Lau and Nath 1994).
Kawamura (1994) found an inverse relationship be-
tween midlatitude North Pacific SST and Indian Ocean
SST during summer, but it is important to note this
largely results from both regions having long-term
trends. If a causal connection exists between tropical
SST and the North Pacific storm track, it should aso
be seen in year-to-year variability. Examination of de-
trended SST data indicates that strong correlations with
midlatitude North Pacific SST are generally confined to
the region 5°S-15°N, 90°-120°E (not shown). The cor-
relation between detrended JJA SST averaged over this
region and the leading North Pacific EOF time series
of detrended JJA rms w is0.46 (the unfiltered correlation
is 0.47). Further investigation is needed to determine
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whether changes in SST and convection in the eastern
tropical Indian Ocean are responsible for the observed
variability and long-term trend in the summertime North
Pacific storm track.
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APPENDIX
Calculation of Statistical Significance

SVD analysisis designed to maximize the covariance
of the left and right fields and thus can create apparent
coupling between two unrelated fields. The likelihood
of spurious coupling can be estimated by randomly re-
ordering the time series (the same at every grid point)
separately for each field and applying SVD analysis.
This preserves the spatial patterns in each field but re-
moves correlation in time between them. Statistical sig-
nificance of SCK, NC, or r is the percentage of 1000
pairs of reordered time series with SCF, NC, or r less
than that of the real time series (only 100 pairs were
used for Fig. 7).

The situation becomes more complex when autocor-
relation is present. Random reordering removes auto-
correlation from a time series; consequently, the real
time series will have fewer effective temporal degrees
of freedom than the simulated time series and statistical
significance will be overestimated. The effect of auto-
correlation at a grid point can be modeled by

() = ax(t — 1) + &), (A1)

where x is observed, t increments time, a is the auto-
correlation, and values of e are temporally independent.
Equation (A1) was used to calculate e at all grid points
and times from the observed x and hence identify the
distribution of variability not related to autocorrelation.
These values of e were randomly reordered (the same
at every grid point) and passed through Al to obtain
1000 time series with the correct autocorrelation for the
left and right fields. Statistical significance of SCK NC,
or r was then calculated as described above.

Statistical significance for correlations between the
time series displayed in Fig. 3 was calculated by ap-
plying A1l and reordering each time series 1000 times.
It is not necessary to reorder individual grid point time
series since EOF analysis is conducted independently
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on each field, and spatial information in one field need
not be known by the other.
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