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ABSTRACT

Climatological features of mid—latitlude blocking occurring aover Lhe North Pucific Ocean during 52
winters (December 1o February) of 1948 /1949-1999 /2000 are statistically analyzed based on
NCEP/ NCAR reanalysis dala. Significant interannual variation with a period of aboul 3-7 years as well
as decadal variability is found by wavelet analysis and power spectrum analysis. A decreasing trend of the
2-7 year bandscale—uveraged variance oceurs throughout the 52 years und an abrupt shift from a higher
state 1o a lower stale during the 1970s is also found, which suggests an interdecadal variation of the North
Pacific blocking. The possible relationship between the variability of blocking and sea surface lemperature
(§8T), storm tracks and teleconnection are shown using composite analysis. In strong blocking anomaly
winter (SBW), the geopetential height anomaly at 500 hPa exhibits a (ypical PNA (Pucific-North
American)-like wave—train pattern in the North Pacific, The storm tracks, representing the activity of tran-
sient eddies, extend northeasiward to the western coust of North America along the mid latitudes of about
40"-50"N, with the SST anomaly exhibiting a Pacific decadal oscillation (PDO) mode at mid-latitude and a
La Nifia—like paitern along the equator. Contrasting features appear in weak blocking anomaly winter
(WBW),
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1. Introduction

Blocking is a large—scale, mid—latitude atmospheric phenomenon that has a prolound ef-
fect on local and regional climates in the immediate blocking domain (Rex 1950a, b; Illari
1984) as well as in regions upstream and / or downstream of the blocking event (Quiroz 1984;
White and Clark 1975). Therefore, it has long been a primary interest of many synoptic and
dynamical metecrologists for decades.

Many studies have derived a comprehensive sel of climatological statistical characteris-
tics of blocking anticyclones using subjeclive or objective techniques, including location, fre-
quency, duration, intensity, size, seasonal and regional distribution (Elliott and Smith 1949;
Rex 1950a, b; White and Clark 1975; Lupo and Smith 1995; Lejeniis and @kland 1983). These
have shown that the Pacific region is accepted to be one of the two preferred regions for the
occurrence of blocking in the Northern Hemisphere,
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In their pioneering sludics, there are three categories of methods to identify blocking
events. The first is u subjective technique, put forward earliest by Rex in the 1950s {Rex
19504, b) and was inherited and modified by Sumner {1954) and White and Clark (1975).
They identified the blocking events subjectively by visual inspection and then used semi—ob-
jective criteria to determine the exact dates of initiation and duration of blocking based on ex-
amining the daily weather charts. The second is an objective criteria first used by Elliott and
Smith (1949) based on magnitude and persistence of pressure departure from normal. Then
Hartmann and Ghan (1980), Dole (1982), Shukla and Mo (1983). and Zhao and Chen (1990}
extended it from sea level pressure departure to upper level geopotential height departure
from normal. The last objective criteria to identily blocking events wus designed by Lejeniis
and @kland (1983). They used the north—south geopotential height gradient based on the co-
herence between the mid—latitude low westerly index and blocking. The advantage of this ob-
jective method is its simplicity for automatic calculation on computer and was therelore wide-
ly used by Tibaldi and Molteni (1990) and D’Andrea ¢t al. (1998) with a certain amount of
modification,

It is interesting to note that the papers by Elliott and Smith (1949} and Rex (1950b),
which were published within a year of each other, gave contradictory results on the relative
frequency of blocking in the Allantic and Pacific. White and Clark (1975) also obtained re-
sults that were not in agreement with Rex (1950b). It should be remarked that these differ-
ences between authors are mainly due to the use of different data in different time periods, as
well as diflerent criteria 1o identify block'fng evenis. It is possible that the above differences re-
flect the interannual or decadal variability of blocking actions. Few studies focusing on this
aspect of blocking have been published until now, although the important role of high—{re-
quency waves on blocking formation and maintenance has been confirmed (Berggren et al.
1949; Rex 1950a, b; Green 1977; Holopainen and Forlelius 1987; Nakamura et al. 1997; Luo
1999, 2000a, b; Luo and Li 2000). In addition, the climatological variability of transient ed-
dies or " storm tracks” relative lo blocking is still not so clear. Therefore, it is important to
understand whether there exists interannual or decadal variability for Pucific blocking
actions, Since blocking is a mid—latitude atmospheric phenomenon and its variation reflects
the anomaly of the general circulation in mid—latitude, it may be strongly affected by tropical
Pacific S8T Muctuations associated with El Nifio—Southern Oscillation (ENSQ) episodes, and
may also respond to the less robust signal associated with mid—latitude SST anomalies (Lau
1997). If so, whether it is related to ENSO, which is regarded as the strongest signal of
interannual variation of climate, or whether it possesses some relationship with Pacific
Decadal Oscillation (PDQ), the most significant mode for mid—latitude Pacific ocean, this
paper attempis (o examine the possible relationships between them,

The paper is organized as follows, In section 2, the data set and the method used are des-
cribed. Section 3 is devoted to examine the interannual and decadal variability of the North
Pacific blocks throughout 52 winters. In section 4, we focus on the composite features of
anomalous 500 hPa geopotential height, sea surface temperature anomaly, and storm track
activity, Concluding remarks are found in section 5,

2. Data and methodology
The primary dalabase for this study consists of daily 500 hPa geopotential height (HGT)

grid point reanalysis data en a 2,5° latitude X 2.5 longitude grid provided by NCEP/
NCAR, The data domain extends from 0° to 90°N, and the period of coverage extends from |
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January 1948 through 31 December 2000, The winter season is taken to be the 3—month mean
from December (o February. The other data used in this study comes from version 37 of 4
retrospective analysis of the global ocean based on the Simple Ocean Data Assimilation (8O-
DA) package of Carton et al. (2000a, b), The analysis is monthly and spans the period of Jan-
uary / 1950-December / 1999, with a resolution of about 1° longitude x 1° latitude. The
most upper level (7.5 m) sea lemperature is regarded as the sea surface temperature (S8T),

In order 1o accentuale the synoptic scale disturbances with characteristic periods of sev-
eral days, the “bandpass” filter described in Trenberth (1986), which retains fluctuations with
2.5—6 day periods, has been applied to the daily time series of the geopotential height. The fil-
tered time series for 500 hPa height were then partitioned into individual monthly segments,
one for every winter month, For each monthly segment, the temporal root—mean-—square
(rms) values were then computed for that segment. Hence, one obtains 52 data lelds altogeth-
er, with each field corresponding Lo the bandpass—filtered rms pattern of 500 hPa height for a
certain winler season. In conformity with terminology adopled in a majority of published
works on this subject, we shall continue to refer to the elonpgated maxima in the rms of
bandpass (2,5-6 day) filiered geopolential height as the “ storm tracks” , with the under-
standing that these slorm tracks portray preferred migration paths of both positive and nega-
tive synoptic—scale perturbations.

Throughout this study, removal of the climatologically seasonal cycle from the monthly
mean fields has been accomplished by subtracting the long—term averaged values for a given
calendar month from corresponding values of the same month in individual years.

Wavelet analysis is becoming a common tool for analyzing localized variations ol power
within a time series. By decomposing a time series inlo time—{requency space, one is able to
determine both the dominant modes of variability and how those modes vary in time. There-
fore, in order 1o identify the detailed characteristics of the Pacific blocking time series in the
time and frequency domain, wavelet analysis with a wavelet basis funciion named “ Morlet” is
used. Readers who are interested in this method can refer to the article by Torrence and
Compo (1998).

3. Interannual and decadal variability for blocking actions

Fellowing the second approach of adopting objective criteria as suggested by Dole
{1982), all North Pacific blocking cases occurring in the winter season were identified from
1948 to 2000. In order to depict the variation of blocking, four indexes were defined as fol-
lows. The first index is called the frequency index (FI), which is defined as the total number of
days in which blocking occurred each winter. This time series shows how often the North Pa-
cific blocking occurs, The second is named the area index (AI), defined as the winter—aver-
aged tolal number of grid points that the 500 hPa height anomaly greater than 100 gpm cov-
ered over the North Pacific (Dole and Gordon 1983) in which the blocking prefers to occur,
This index indicates the extent of the blocking and is defined in a similar manner to the area
index for the subtropical high, The degree of blocking intensity (DI} is the third index, defined
as the averaged difference between the 500 hPa geopolential height anomaly at each grid
point where blocking occurs minus 100, The last index is defined as PI=DI / AL also show-
ing the intensily of the blocking. All four indexes can indicate the North Pacific blocking va-
riztions from different points of view such as its frequency, extent, and intensity.

Figure 1 shows the time series of the four indexes for blocking during 19482000, It is
obvious that the occurrence of the North Pacific blocking in winter has an apparent
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interannual variation, not only the frequency of blocking occurrence, but also the extent and
intensity, The correlation coefficients between the four indexes are all larger than 0.92 sug-
gesting the coherence of the blocking’s frequency, range, and intensity during the 52 winters,
which agrees with many previous results (Hartman and Ghan 1980; Lejenis and @kland
1983: Lupo and Smith 1995). The variations of the North Pacilic blocking fluctuate up and
down with several—year oscillations, It is remarkable that a sharp weakening occurred in the
mid—1970s and a relative strengthening of blocking appeared before the 1970s, therefore giv-
ing a decreasing tendency throughout the 52 winters, This feature can be seen more clearly
from the shaded lines smoothed with a 7—point running mean in Fig. 1, highlighting the
decadal variation and decreasing trend,

Discrete power spectrum analysis shows that the dominant period of oscillation for these
time series is about 4—7 years (figure omitted). The same result and more detailed information

1950 1955 1960 1965 1970 1475 1980 1985 1990 1995 2000

Year

Fig. |. Time series of the four indexes for blocking over the North Pacific during the winters from
1948 / 1949 to 1999 / 2000, Shown, from lop to bottom, are the FI, Al. D1, and PI standardized
indexes, respectively. The shaded lines in cach punel have been smoothed with a 7-point running

mean,
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Fig. 2. (4) Real part distribution of the wavelet transform coefficient for FI index by using the
Morlet wavelet basis function in the time and frequency domuin, The abscissa is lime {year) and
the ordinale is wavelel scule. The correspording period (year) to the scake 18 shown in the Jefi
ardinate. The contour interval is 0.5 and solid lines mean positive values while dashed lines mean
negative values, The dark and light shaded regions represent arcas > 1 and < —1, respectively. (h)
Scule-averaged wavelet variance spectrum over the 2—7 year bands for the time series of FI index.
The dashed lines are Lthe mean values of the 1wo different states.
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are also obtained by wavelet analysis. Figure 2a shows the real-part distribution of the
wavelet transform coefficient for the time series of FI in both the time and frequency domain.
The most impressive feature is that most of the amplitude contribution is concentrated within
the band of 4—7 year although there is appreciable values at shorter periods. It is also shown
that a period with quasi—10 years becomes significant after the 1970s, An interesting charac-
teristic is that there exists a sudden split in frequency from middle frequency (with a period of
47 year) to a lower frequency (with a period of quasi—10 year} and a slightly higher frequen-
¢y (with a period of 3—5 year) during the 1970s. To examine the flucluations in variance over
interannual time scales (the band of 2~7 year), the scale—averaged wavelet energetic power,
which is a time serics of the averaged variance in a certain band, is shown in Fig. 2b. The solid
line shows the average variance over the 2—7 year bands versus time, which appears as 4 con-
sistent decreasing trend and an abrupt shift from a higher state to a lower state during the
1970s. This may suggest the amplitude variation of the blocking’s interannual vibration mod-
ulates on longer lime scales of variation, referring Lo the decadal and interdecadal variability
for blocking,

4. Composite fields related to blocking variation

Baszd on the variability of the four indexes for the North Pacific blocking in Fig, |, ten
winters with high blocking indexes (four standardized indexes all greater than 0.5) and eleven
winters with low blocking indexes (four standardized indexes all less than —0.5) are chosen for
composile analysis. The blocking ofien occurs with strong intensity during high—indexes win-
ters and so these winters are called strong blocking winters (SBW), and similarly, low—indexes
winters are called weak blocking winters (WBW). There are 10 years of SBW, including
1949 7 50, 1951 /52, 1956757, 1961 /62, 1962/63, 1967/68, 1970/ 71, 1984 /85,
1988 / 89, and 1990/ 91;and 11 years of WBW, consisting of 1952 / 53, 1957 / 58, 1960 / 61,
1963 / 64, 1969/ 70, 1976 / 77, 1982/ 83, 1986 / 87, 1991 / 92, 1997 / 98, and 1998 / 99, It is
noticeable there are nine years of WBW relevant to the El Nifio years, while half of SBW cor-
respond to the La Nifia years according to Angell (1981) and Rasmusson and Carpenter
{1982). The following results are based on the 10—year or 11—year composites in SBW or
WBW, respectively.

4.1 Sea surface temperature (SST)

In order to find the relationship between the North Pacific blocking and the sea surface
temperature, 88T anomaly composite fields in SBW and WBW are drawn in Figure 3a and b,
respectively. The most prominent feature in the SST anomaly composite field in SBW is the
large areas of negative SST anomaly in the central to eastern tropical Pacific, offshore of the
western coast of North America and the western part of the subtropical gyre south of the
Kuroshio extension, while the positive SST anomaly covers the western tropical Pacific, the
so—called warm pool, and mid—latitudes in the North Pacific, During the opposite period in
WBW the composile SST anomaly eld has almost the contrary patlern compared with SBW,
The most striking distinction between the two composites is the difference of the leading sig-
nificant areas that are shaded in Fig. 3, In SBW, the most significant S§T anomaly is located
in the central Pacific at mid—latitude with a maximum positive value greater than 0.8°C,
whereas in WBW the most significant SST anomaly is located along the central to eastern
equator with a maximum posilive value greater than 1.4°C, which is a typical El Nifio pattern.
These results suggest that North Pacific mid—latitude atmospheric blocking is not only related
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Fig. 3. Composite lields of SST anomaly i () SBW and (b) WBW. The contour mterval 15 0.2°C.
Thin solid lines are values greater than zero, dashed lines are values less than zero, and thick solid
lines are the zero line, The grey shaded areas correspond o areas exceeding the 95% confidence
fevel by the student r—test,

to the local SST anomaly, but also has a connection with the SST anomaly in the equatorial
Pucific. The later corresponds to the well-known interannual ENSO phenomenon, which
may indirectly impact the mid—latitude atmospheric blocking through teleconnection, mainly
contributing to the interannual timescale variability of the North Pacific blocking. Note that
the former SST anomaly pattern is similar to the PDO mode (Latif and Barnett 1994; Zhang
et a), 1997), which may contribute 1o the interdecadal variation of the North Pacific blocking.

4.2 The 500 hPu geopotential height

[n order lo reveal the connection between the blocking variability and atmospheric
teleconnection, compeosite fields of the 500 hPa geopotential height anomaly during SBW and
WBW were drawn in Fig. 4a and Fig. 4b, respectively, The remarkable pattern is a typical
PNA (Pacific / North America)—like wave train (Wallace and Gutzler 1981) from the west-
ern and central Pacific to the eastern Pacific along a Rossby big circle trace (the thick dashed
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Fig. 4. Caomposite fields of the 300 hPy geopotentis] height anomaly in (a) SBW and (b} WBW, Con-
tour interval is 10 gpm. Solid lines are the values greater than zero, dashed lings are values less than ze-
ro, and thick solid lines are the zero line, The grey shuded ureas correspond to areas exceeding the 95%
confidence lkevel by the student r—test. The thick dashed arrow gives the direction of wave train.
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curve with arrow). The negalive and posilive centlers of the geopotential height anomaly
queued up forming a ' =" ‘4" "= "4’ wave train directed from the subtropical central Pacific
northeastward to Morth America. The wave trains in SBW and WBW take on almost com-
pletely reversed signs, The maximum positive anomalous center is located near the Aleutian
archipelugos in SBW, which just corresponds to the preferred position of the North Pacific
blocking high, while the minimum negative anomalous cenler in the wave train is found at the
position in WBW, representing the strengthening of the Aleutian Low. This pattern means
that in SBW, the North Pacific blocks occur frequently and correspond to the 500 hPa height
anomaly with a positive PNA teleconnection pattern that connects the mid—latitude blocking
to the tropics. While in WBW,_ few blocks occur corresponding to a negative PNA
teleconrection at 500 hPa pressure level, Some studies (Horel and Karoly 1981, Rasmusson
and Carpenter 1982; Lau 1997) have pointed out that these kind of atmospheric patterns were
signilicantly correlated with ENSO~related SST changes in the tropical Pacific, Therefore,
considering the relationship between the mid—latitude blocking and the Pacific 88T anomaly
discussed in section 4,1, this PNA-Ilike teleconnection patiern may be the atmospheric bridge
that connects the interaction between the anomalous circulation related to the blocking at
mid—latitudes and the variation of the tropical SST on the interannual time scale.

It is noticeable that the significant difference between the composite fields in SBW and
WBW, except for the opposite sign of wave trains, lies in the shaded areas illustrating the sig-
nificance of differences at the 95% confidence level by a student /—test. In SBW, the regions
exceeding the 95% confidence level are mainly distributed along the wave train with separated
centers, which seems to emphasis the local effect for the mid—latitude air—sea interaction re-
lated to the PDO mode for SST anomaly (Latil and Barnett 1994; Zhang et al 1997). And
this may be linked to the decadal variability of the North Pacific blocking, However, in
WBW, the areas exceeding the 95% confidence level are not only distributed along the centers
of the wave train, but almost cover all the tropical oceuns. The wave train starts off from the
central tropical Pacific and then extends northeastward, suggesting the possible linkage be-
tween the interannual variability of the mid—latitude blocking and the tropical SST anomaly,
or ENSO mode.

4.3 Variuhility of atmaospherie storm tracks

Previous studies have shown that the Pacific SST anomaly during boreal winter can af-
fect the axis of the storm track over the Pacific (Held et al. 1989; Hoerling and Ting 1994;
Struus and Shukla 1997), The relation between the storm track and blocking over the North
Pacific has yet 1o be studied. Composite fields of rms ol bandpass—filtered (2.5—6 day) 500
hPa geopotential height in SBW and WBW, are shown in Fig. 5a and Fig, 5b, respectively. In
WBW the storm track is most inlense along 40°N with a maximum center around the
duleline, In SBW, however, the storm track extends northeastward and the rms maximum
center is split into two centers, one is still along 40°N spanning from 160°E—180° and the oth-
er moves to about 50°N reaching to the west coast of North America. The dilference in rms of
bandpass—filtered 500 hPa geopotential height (Fig. 5¢) between that in SBW and that in
WBW is shown superimposed on the significance of differences at the 95% level. A PNA—like
paltern is apparent in Fig. 5c, extending northeastward to North America from the tropical
Pacific. As many studies have shown manifested (e.g., Webster 1981, 1982; Palmer and Sun
1985, Lau and Nath 1990; Ferranti et al. 1994), anomalous SST will result in anomalous tran-
sient eddy activity in the almosphere by baroclinic instability. Linking with Fig, 3a, the posi-
tive mid—latitude SST anomaly would weaken the meridional SST gradient at
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Fig, 5. Composite fields of rms of bandpass—tiliered 500 hPa geopotential height in {u) SBW and
(b) WBW. Contour interval is 5 gpm, {c) Difference field between {a) and (b), Solid lines are values
greater than zero, dashed lines are values less than zero, and thick solid lines are the zere line, The
grey shaded areas correspond 10 areas exceeding the 95% confidence level by the student 1—lesL.

the mid—latitude ocean and result in a northward shift of the baroclinic eddy activity in the
atmosphere (Palmer and Sun 1985; Lau and Nath 1990; Ferranti et al. 1994), leading 1o re-
duced westerly winds over mid—latitude ocean, accompanied by anomalous high pressure
(blocking high) over the North Pacific (Shutts 1983; Luo 2000a; Luo et al. 2001). Therefore,
the variability of the North Pacific blocking may be linked with SST anomaly in two ways:
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the first direct way is the mid—latitude local 88T anomaly affecting the stoem track through
air—sea interaction as well as impacting the variability of blocking: the other way is indirect,
where the mid—latitude atmospheric blocking responds to the tropical SST anomaly by
teleconnection,

5. Conclusions and discussions

The interannual and decadal characteristics of the North Pacific blocking during the
Northern winters from 1948 / 1949—1999 / 2000 are examined, The frequency, range, and in-
tensity of blocking over the North Pacific all have significant interannual variations with pe-
riod of about 3—7 year as well as decadal variability confirmed by wavelet analysis and power
spectrum analysis, A decreasing trend of the 27 year bandscale—averaged variance occurred
throughout the 52 years and an abrupt shift from a higher state to a lower state during the
1970s is found. This may suggest the amplitude variation of the blocking’s interannual vibra-
tion modulates on longer time scales of variation, referring to the decadul and interdecadal
variability for blocking,

Composite analysis shows that in SBW the geopotentiul height anomaly at 500 hPa ex-
hibits a typical PNA~-like wave—tirain pattern in the North Pacific (Wallace and Guizler
1981). And the storm tracks, representing the activity of transient eddies, extend
northeasiward to the weslern coast of North America along the mid latitudes of about
40°—~50°N, with the SST anomaly appearing in a PDO mode in mid—latitudes and in a
La Nifa—like pattern along the equator. On the other hand, a negative PNA-like pattern
{(Wallace and Guitzler 1981} for the 500 hPa geopotential height anomaly, a zonal storm track
around the dateline with one center along 40°N, and a typical El Nifio—like pattern in the Pu-
cific SST anomaly are obtained during WBW, These results indicate a possible relationship
between the North Pacific blocking action, storm tracks and the SST anomaly, which will be
helpful for revealing the possible mechanism of interannual and decadal variability of biock-
ing. The possible mechanism may be described like this: (he mid latitude PDO-like SST
anomaly pattern would weaken the meridional SST gradient at the mid—latitude ocean and
result in a northward shift of the baroclinic eddy activity in the atmosphere (Palmer and Sun
1985; Lau and Nath 1990; Ferranti et al, 1994), leading to reduced westerly winds over
mid—latitude ocean, accompanied by anomalous high pressure (blocking high) over the North
Pacific {(Shutts 1983; Luo 2000a; Luo et al. 2001). This is a direct response in the atmosphere
to mid—latitude SST anomaly, giving rise to the decadal variation of blocking modulated on
an interannual oscillation, Furthermore, there still exists an indirect response to the tropical
ENSO-like SST anomaly, the so—caHed teleconnection, which may mainly determine the
interannual variability of blocking. This paper just provides the possible relation between the
Pacific blocking, storm tracks and the SST anomaly with teleconnection by composite analy-
sis: the relationship between them on different timescales has yet to be studied.
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