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Persistent ridging in the North Pacific is a major contributing factor to winter weather in Alaska and
western Canada. In general. when the axis of a persistent ridge is located near the International Dateline, air
temperatures in Alaska are typically cooler than normal. However, if the ridge axis is located in the Gulf of
Alaska, temperatures are well above normal. Many of these events also evolve into anticyclones located north of
SOON. This paper analyzes 10 events of persistent mid-Pacific ridging with respect to planetary waves, wind and
outgoing longwave radiation (OLR) anomalies, as wdl as stratospheric temperature anomalies. These 10 events
are also described within the climate environment in which they exist by using monthly climate indices such as the
Southern OsciJIation index and the Arctic Oscillation Index.

Planetary wave analysis indicates that persistent mid-Pacific ridges occur when planetary wave 2 amplifies
simultaneous with a reduction in the amplitude of wave 1. Of prime importance is the reduction in the amplitude
of the trough produced by wave 1, which is climatologically located near the dateline. Prior to and concurrent with
the formation of a persistent mid-Pacific ridge are significant OLR anomalies over the Indian and western Pacific
Oceans. This is linked to a retraction of the jet stream over the mid-latitudes of the western Pacific. Additionally,
five of the 10 events displayed major stratospheric warmings over Siberia during the weak prior to onset. Height
anomalies arc also evident in the stratosphere prior to onset. overall the polar vortex appears to be elongated over
Siberia. The limited number of short-wave ridges that amplify and develop into a persistent ridge each wimer
season suggests that simultaneous multiple forcings are a necessity. This paper suggests that these forcings occur
in the tropics, mid-latitudes, as well as in the Arctic.
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1. Introduction
During the cooler months of the year, persistent ridging may occur in the vicinity of the International

Dateline, resulting in a major shift in the position of the polar jet stream and stonn track across the North Pacific.

These persistent ridging events typically have a duration of7 to 14 days and may develop into anticyclones that
persist for roughly another week before the Aleutian Low is l-e-established. During these events as cold dry air

moves out of the arctic toward the southeast, that the state of Alaska frequently experiences it's coldest

temperatures of the season.

The term "persistent ridge"(PR) is used in this paper instead of the commonly used "blocking", because

the latter term has a plethora of definitions in telms of duration and amplitude (see Lupo and Smith 1995 for
summary). The emphasis is on PRs that reside in the greater Bering Sea region, which lies roughly between 1600E

- 160"W and 45"N -65°N. This paper focuses on the period from October through April, although ridging over the
Bering Sea in the warmer months of the year is a common occurrence as well. The purpose of this study is to

enhance the generalized work that has already been done with regard to PR in the mid-Pacific (Rex 1950, Austin
1980. Dole 1989). It is hoped that an analysis of 10 persistent mid-Pacific ridges (MPR) will enable
meteorologists to better understand and forecast these events as they occur across the region.

In the following section an overview of the literature on PR is given. Section 3 covers data management
issues while in se.ction 4 a description of synoptic patterns prior to and during MPR's is reviewed. The link
between MPRs and planetary waves is discllssed in section 5. The relationship between MPRs and outgoing
longwave radiation (OLR) anomalies over the tropical Indian and western Pacific Oceans, as well as upper

tropospheric wind anomalies is explored in sections 6 and 7. Section 8 gives a brief analysis of the conversion of

persistent ridges into anticyclones, while section 9 discussions the possible correlation between persistent ridging

and stmtospheric warm events. Section 10 presents a discussion on the evolution of MPRs in relation to
commonly monitored indices. such as the Northern and Southern Oscillation Indices (NOt SOl), as well as mid-

Pacific sea-surface temperature anomalies (POD).

2. Uterature Rc\icw
Interest in persistent ridging by the meteorological community dates back to around 1950. Since that time

numerous papers have been written on subject, most of which can be categorized into two groups: the climatology
of PR, and those that have focused on the dynamics. The main result of the climatological studies is that during
the N0l1hem Hemisphere winter, there m-etwo main regions where persistent ridging frequently occurs. The first

is over the eastern half of the Atlantic and western Europe centered around the Greenwich Meridian. The se.cond
is over the eastern Pacific centered near 1500W(Rex 1950a.b, Quiroz 1986, 1987, Dole 1989, Lejenas and Madden

1992, Lupo and Smith 1995, Renwick and Wallace 1996, Wiedenmann et a{2002, Pelly and Hoskins 2003). A

third weaker response occurs in the vicinity of the Ural Mountains. These studies have also emphasized the

coupling of persistent ridging and the development of a deep low/trough upstream of the ridge. A number of

authors have suggested or noted the linkage between PR and the strength and position of the polar jet (Rex 1950a,
Dole 1989), higher than normal amplitude planetary waves (Austin. Quiroz 1986. Lejenas and Madden 1992), and
stratospheric warmings (Austin 1980, Quiroz 1987).
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The study of the dynamks of PR can be subdivided into two classes: case studies and modeling efforts.

Case studies have shown the importance of thermal and vorticity advection from the upstream low/trough into the

ridge (Hansen and Chen 1982, IlIad 1984, Trenberth and Mo 1985, Colucci 1985,1987, Lupo 1997). A number of

these studies have hinted at the dynamic differences between PR occurring in the Atlantic and Pacific basins

(Hansen and Chen 1982, Lupo 1997). There are also indications that the re]ative contributions of vorticity and

thermal advection change throughout the evolution of a persistent ridge (Colucci 1985, Lupo 1997).

A number of modeling studies have concentrated on the climatology of persistent ridging found in general

circulation models, specifically the role which orography and sea surface temperature (SST) anomalies play in the

forcing of a PR via ultra.long planetary waves (Li and Tiba]di 1983. Blackmon el a/1986, Mullen 1989). Charney

et al (1981) used a barotropic model to study the linkage between stationary planetary waves generated by

orography and PRo The authors conduded that many but not all PR pattems can be attributed to ultra-long waves 2

and 3. Tung and Undzen (1979a,b) suggested that persistent ridging occurs when stationary planetary waves

generated by orography and land-sea temperature contrasts, which are typicalJy out of phase, resonate as the phase

of the two waves are aligned.

Studies of persistent ridging in the Pacific Basin have been conducted by Austin (1980), Dole (1986

& 1989). Renwick and Wallace (1996) as well as Bond and Harrison (2000). The general consensus is that MPRs

(1) develop in locations \vhere the amplitude of ultra-long planetary wave(s) rapidly increases (aJthough the details

of which waves are prominent varies from study-to.study); (2) the upstream low/troughs help the amplification

process via thermal and vorticity advection; and (3) there are significant wind anomalies over the westem Pacific

prior to and during MPR development.

In severa] related studies, Joung and Hitchman (1982) found that ridging over the mid-Pacific occurred in

eight out of 16 cases in which outbreaks of po]ar air occurred over the southern regions of East Asia. A number of

those ridging cases would be considered PR events. Renwick and Revell (1999) studied PR over the South Pacific

and found that a divergent wind field in the upper tropical troposphere, resuJting from enhanced convection over

the east-central Pacific, generated a Rossby wave that appeared to produce a PR in the mid-latitudes. One of the

main resuJts of their study was that the location of the divergent wind field with respect to the polar jet stream is

fundamental to the whole process.

3. Data Considerations
This study utilizes the NCEP-NCAR reanalysis data set found at the Climate Diagnostics Center website

(www.cpc.noaa.gov). The 10 MPR events used in this study were selected from visual inspection of daily mean

500 mb heights. The criteria used to identify a persistent mid-Pacific ridge were as follows: 1) trough-ridge pattern

with a zonal daBy mean 500 mb height gradient :.:200 m occurring within 400 of ]ongitude, for six or more

consecutive days. As noted in the Introduction, there are many different definitions of persistent ridging/blocking

in use. There arc advantages and disadvantages to the various methodologies. These JOevents would also be for

example, prominent using Dole's (1986) criteria. 2) The MPR ridge axis transected the Bering Sea region, which
ranges from 4SON - 65"N and 150"E - 160~W, 3) The event occurred in the October 1 through April 30 period.

For the synoptic description given in the folJowing sectjons, emphasis is placed on 500 mb heights and
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