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Abstract

:

The jet stream over North America alternates between a more zonal direction and a wavy pattern (a more meridional flow) associated with persistent blocking patterns. To better understand these important patterns, we base our study on the frequency of winter (November–February) events during 1981–2020, based on four circulation regime types: blocking, the Alaskan Ridge, North American Ridge/Pacific Wave-Train; and zonal, the Pacific Trough and the central Pacific High/Arctic Low (Amini and Straus 2019). Increased information on within and between season variability is important, as the impacts of blocking include the California heatwave and mid-continent or east coast cold spells. Rather than extensive pattern duration or significant trends, temporal variability is the major feature. In some years the combination of the Alaskan Ridge and North American Ridge/Pacific Wave-Train patterns represent ~5 major events covering 35 days of the 120-day winter period, with individual events lasting 10 days. Within-season multiple occurrences and short durations dominate the winter meteorology of the continental United States. The characterization of the persistence of these blocking events is relevant for extended range forecasts.
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1. Introduction


Evidence suggests that late winter (JFM), especially during recent decades (since ~1990), featured amplified tropospheric ridge-trough longwave circulation patterns over North America [1,2]. Cold events (daily temperature anomaly <−1.0 standard deviation) in eastern North America usually correspond to an enhanced western ridge/eastern trough jet-stream pattern [3]. Such patterns have been labeled as the North American winter temperature dipole [4], an enhancement to the mean climatological stationary wave pattern due to the Rocky Mountains. When this pattern sets up, persistent cold spells and heavy snow events typically affect eastern North America, including the densely populated eastern U.S. corridor from Boston to New York City and as far south as Washington, D.C. [5]. The existence of an enhanced U.S. west-coast ridge in all seasons intensifies drought conditions in California [6]. When an amplified ridge/trough pattern exists over North America, the eastward propagation of the longwave jet-stream pattern tends to stagnate, thereby slowing the migration of weather systems across the continent and creating persistent weather conditions (i.e., blocking, [7]). North American blocking is associated with Pacific weather patterns [8]. Although such patterns are well known [9,10] (and referenced therein), they are, in fact, dominated by intra-seasonal and inter-annual variability, as noted in our following analysis of the frequency and duration of events. Our motivation is laying out the dominance of intra- and inter-annual variability and the short duration of blocking events. Previous analyses often feature the methodology for developing teleconnection patterns or highlight small but statistically significant meteorological decadal trends, although the meteorological significance of trends is small relative to background variability (e.g., [11]). Within-season variability and the short duration of events should dominate any study of North Pacific/North American teleconnections.




2. Methods: Previous Cluster Analyses


Our methodology starts by using previously developed North Pacific/North American teleconnection patterns, as these are well known. We particularly favored the four patterns of Amni and Straus [12], as they are based on cluster analysis and compare well with other sources. We then located the geographic location of their main center of variability (i.e., action centers) as the region of closed contours of their 500 hPa geopotential height analyses. The daily anomaly of Z500 is computed for each action center location based on NCAR-NCEP reanalysis (R1, psl.noaa.gov/data/gridded/data.ncep.reanalysis.html, 21 March 2022) [13] relative to its climatology, defined as the mean over the 1981–2010 period. Because of within seasonal variability, these anomalies are normalized by their daily standard deviation. This is a way to show the true variability in each action center and to compare them within seasons and between years. The use of R1 is well known and is adequate for our purpose, as we are addressing very large-scale atmospheric patterns, and southwestern Alaska and the continental US have adequate data coverage to feed the reanalyses.



Amini and Straus [12] identified four circulation regimes from a cluster analysis applied to the combined anomalies of 500 hPa geopotential height and 250 hPa zonal wind over the extended Pacific-western North American region. The four regimes are the Arctic Low (AL), Pacific Wave-Train (WT), Alaskan Ridge (AR), and Pacific Trough (PT) (Figure 1). They also examined five clusters, with the Alaskan Ridge separating into Pacific and Arctic high-pressure regions. Our analysis is based on the following four patterns: the Alaskan Ridge and the Pacific Wave-Train responsible for the North American dipole pattern; the Arctic Low as more of a summer central Pacific High pattern; and the Pacific Trough representing North Pacific low pressure—the balance of the event state space. Note that the Pacific Wave-Train ridge location is further east than in the Alaskan Ridge.



Such patterns are well documented in the meteorological literature. The Wave-Train pattern resembles the spatial structure of the Pacific North American (PNA) pattern identified by Wallace and Gutzler [14]. Barnston and Livezey [15], via rotated EOFs, pick up both signs of a 700 hPa center south of the Aleutian Islands (Alaskan Ridge and Pacific Trough locations) that they labeled PNA. Straus et al. [16] identified four patterns, three of which are the Alaskan Ridge, Wave-Train, and Arctic Low. Vigaud et al. [17] notes the Wave-Train pattern. Amini and Straus [12] note an earlier analysis by Riddle et al. [18] with seven clusters, where their #3 and #5 resemble the Alaskan Ridge and #1 and #6 resemble the Pacific Wave-Train. Robertson et al. [10] note the Alaskan and West-Coast Ridges, and the Pacific Trough.



Riddle et al. [18] and Robertson et al. [10] make arguments for the use of cluster analysis for selecting weather types; weather types are not required to be symmetric, and they are statistically significant. Given this previous work, we chose to use the four patterns identified by Amini and Straus [12], as shown in Figure 1. The goal of our paper is not to provide a new analysis of North Pacific/North American patterns, but to use the previous consensus to investigate their frequency and persistence.



To calculate the frequency of each of the four patterns, we computed the daily 500 hPa geopotential height anomaly from November through February during 1981–2020, as located based on action centers from Amini and Straus [12] (Figure 2). We relabel the patterns as the Alaskan Ridge (AR), the North American Ridge/Pacific Wave-Train (PWT), the Pacific Trough (PT-n), and the central Pacific High/Arctic Low (ArcLow-n). For our purpose, the Pacific High/Arctic Low frequency is associated with the low geopotential heights over the Alaskan location (ArcLow-n) and the Pacific Trough depends on the low geopotential heights over the North Pacific (PT-n) rather than the high location over the Hudson Bay. Years are assigned to the January of the following year. We apply a four-day running mean to the normalized 500 hPa geopotential height anomalies. Similar to Figure 1, we find that 40-year composites of the four patterns are visually well separated.




3. Results: Frequency Analysis for Winter (November–February)


We show which of the four patterns dominate each day during November through February of the following year (Figure 3). The main conclusion to notice is the large within-season and year-to-year variability in all patterns; many individual events are two weeks or less in duration. We find no particular monthly dependence for the four patterns.



Figure 4 shows the frequency of each pattern being dominant for individual years. Some patterns reoccur in individual years, such as the Alaskan Ridge in 1982, 1991, 1993–1997, 2011, 2017–2018. The Arctic low/Pacific High, as expected, has a lower frequency relative to the other patterns in almost all years, as it is more of a summer rather than a winter pattern. The two blocking patterns, a combination of the Alaskan Ridge and North American Ridge/Pacific Wave-Train, are dominant in the recent decade, 2011–2019, with the exception of 2012 and 2016. The Pacific Trough is dominant in some years: 1983, 1998, and 2016. Possible reasons for interannual variations have been tied to climate indices, such as the PNA, equatorial, and Arctic changes [5,19,20].



We investigate the statistics for events lasting more than 5 days (Figure 5 and Figure 6). Figure 5 captures the quantitative importance of the qualitative Figure 3. Figure 5 notes the number of events that each pattern is present for in different years. All years show multiple types. The blocking patterns—the Alaskan Ridge or the Pacific Wave-Train—are dominant in different years. The transient low pattern (Pacific Trough) is dominant in 1988 (3 cases) and 2016 (4 cases). We conclude that there is considerable variability in the number of main events during each year for each weather type. No one pattern is completely dominant in any particular year.



The blocking/ridge patterns (the Alaskan Ridge and Wave-Train, Figure 6a) together have an average of 4.8 combined yearly events in the 40-year period (1981–2010), which implies more north–south latitudinal amplitude to the jet stream, while there is a shift in the longitudinal axis for ridging location. There is ridging that is dominant in 1982, 1994, 2005, 2010, 2014, and 2015. There are several years when each one dominates the season with over 35 days of coverage, such as the years of 1986, 1987, 1994, 2003, 2011, 2015, and 2018. The duration of the longest event for the two blocking patterns, the Alaskan Ridge and Pacific Wave-Train, for each year, are provided in Figure 6b. The mean duration for the Alaskan Ridge and the Wave-Train is 8.4 and 9.2 days, respectively. Based on Figure 5 and Figure 6, either the Alaskan Ridge or the Wave-Train tends to dominate the North Pacific in any given year. The few events longer than 10 days approach a sub-seasonal duration.




4. Conclusions


Based on four pattern types resulting from a cluster analysis [12], we note the large temporal variability in the weather pattern types during the winter months (November through February) in the previous 40 years over North Pacific-North America. The two blocking patterns (the Alaskan Ridge and Pacific Wave-Train), located over the northern North Pacific or North American west coast, can last over 10 days and reappear later in a season or be replaced by a different blocking location. They show some dominance since 2010, based on Figure 4. The more zonal Pacific Trough pattern was active in some years throughout the decades but was not dominant. In addressing whether upstream blocking will occur and impact cold conditions in midlatitude central or eastern North America, they were dominant in some years, with over 35-day coverage in 1987, 1994, 2003, 2011, 2015, and 2018; however, within-year and year-to-year variability remain the main story. Erb et al. [21] reach the same conclusion for drought.



This variability has implications for using weather pattern persistence as a basis for sub-seasonal forecasting. Individual dominance by one pattern or event seldom lasts longer than a week. There can be a reoccurrence of the same pattern within a season. Thus, North American winter weather should be considered as a sequence of multiple events.
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Figure 1. Pacific cluster patterns from Amini and Straus (2019) of the combined 500 hPa geopotential height and 250 hPa zonal wind anomalies resulting in four patterns. Anomalies of Z500 are given in contours (interval 30 m) and U250 are given in shading (units ms−1). The four patterns are defined as (a) Arctic Low, (b) Pacific Wave-Train, (c) Alaskan Ridge, and (d) Pacific Trough. The numbers in the upper right corner give the relative frequency of occurrence. The figure is from Amini and Straus [12] and is used with permission. 
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Figure 2. Action centers (outlined by red boxes) at 500 hPa, based on previous studies. Four action centers are chosen in the current study (from left to right): Alaskan Ridge (AR), Pacific High/Arctic Low (ArcLow-n and ArcLow-p), Pacific Trough (PT-n and PT-p), and North American Ridge/Pacific Wave-Train (PWT). In the analysis, ArcLow-n and PT-n were used; –n indicates low-height action centers, and –p indicates high-height action centers. 
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Figure 3. Days when a given index ranked top among the four patterns (color-coded) for the winter months (November to February) during 1981–2020. Each index is normalized using its own daily standard deviation computed over the 1981–2010 period. 
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Figure 4. The number of days when each pattern takes a dominant role during the 4-month period in a given year. Among the 120 days in a given year, a pattern could be the strongest among the four patterns for ~80 days (black shading) or less than 5 days (white shading). 
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Figure 5. A histogram of the number of events that last longer than 5 days in a given year for each pattern. 
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Figure 6. (a) The number of days in each season of the Alaskan Ridge (green bars) and Pacific Wave-Train (light-blue bars) which lasted longer than 5 days. (b) The duration of the longest single event for the Alaskan ridge (green bars) and Pacific Wave-Train/North American Ridge (light-blue bars) for each year. The continuous line is their average. 
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