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ABSTRACT 

 

 

 

Seasonal range prediction over North America has been based on 

intraseasonal and interannual variability related to the Pacific North America 

(PNA) pattern and El Niño and Southern Oscillation (ENSO), respectively. These 

events have an impact on the occurrence of atmospheric blocking and the long-

term conditions for North America. Similar studies may determine seasonal range 

prediction valid for South America, specifically for the Bolivian Altiplano region. 

Previous studies have examined ENSO-related variability of the South Pacific 

Jetstream as well as atmospheric blocking. Using the National Centers for 

Environmental Prediction / National Center for Atmospheric Research 

(NCEP/NCAR) reanalysis tool, the character of the monthly circulations was 

studied over the South Pacific / South America sector from 1969–2017. Initial 

results show significant pattern development in the upper air circulation over the 

East Pacific and downstream of South America during winter for ENSO. Also, the 

interannual variability in the jet-stream pattern for the region as related to ENSO 

shows a 180 degrees phase difference for the current, negative Pacific Decadal 

Oscillation (PDO), while having a slightly more zonal pattern during the latter part 

of the 20th century (Positive PDO). Finally, it can be shown that the circulation 

pattern for 1999–2017 is different from that of the Positive PDO as indicated by a 

recent turnaround of the interdecadal variability of atmospheric blocking over the 

South Pacific Region. Further pattern recognition will be completed in conjunction 

with surface observation.  



1 

 

CHAPTER 1. INTRODUCTION 

 

Seasonal range forecasting is a vital skill used to predict variability in a 

wide variety of climatic and large-scale events. Specifically, changes in the phase 

of ENSO have been linked to variability in sea-surface temperatures (SST; 

Mokhov et al. 2004), atmospheric blocking (Wiedenmann et al. 2002), and 

surface temperature/precipitation (Birk et al. 2010). Additionally, seasonal range 

forecasting with skill better than climatology has been proven successful in 

locations such as Russia (Lupo et al. 2014), the Midwestern United States (Birk 

et al. 2010), and the Mid-Mississippi Valley in the United States (Lupo et al. 

2008). Phases of ENSO can have different effects on the agriculture of an area 

including how those effects impact the economy (R. Adams et al. 1999). 

Ultimately, the results of such forecasts can have critical impacts on crop yield 

(Henson et al. 2017). The direction of the PDO is also well-known in having 

downstream climatic effects. It has been demonstrated that a change in the PDO 

phase can be seen in seven specific SST anomalies, or clusters (Kung and 

Chern 1995). Some of these clusters, that are categorized based on their 

synoptic scale patterns, have been shown to be more prominent during different 

phases of ENSO. This study covered the years 1955-1992 and was later updated 

up to 2007 (Lupo et al. 2008).  
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Similar teleconnective relationships may also be found over the South 

American continent, especially around the west and east coast where 

intraseasonal and interannual variability are strong with respect to ENSO (Hurrell 

et al. 1995). It has been shown, between 84.5°W–20.5°W and 38.5°S–64.5°S, 

SST’s have both strong positive and negative correlations with ENSO 3.4, the 

area-averaged SST’s from 5°S-5°N and 170-120°W (Hsu et al. 2018). 

Furthermore, the strong or weak flow of the northerly Peru Current is directly 

related to the flow direction of warm SST’s along the equatorial Pacific. Similar 

studies have also been performed for the northeastern and southern regions of 

Brazil, the areas most affected by ENSO events (Cirino et al. 2015). While Cirino 

focuses more on the agricultural impacts of each ENSO phase, this study will 

direct its attention to the character of the mid to upper troposphere, both over the 

South American continent and further upstream, specifically how it relates to the 

Altiplano region of Bolivia. Oliveira et al. (2014) examines blocking events and 

how they relate to ENSO and the Southern Annular Mode (SAM) and this paper 

will aim to relate findings. A recent study (Lupo et al. 2018) was done to compare 

blocking characteristics between the global oceanic regions. These 

characteristics include events, days, duration, intensity, based on location, 

season, and ENSO phase. Some of the results will be shown here. Following the 

results of Birk et al. (2010) along with the understanding of the PDO and ENSO 

fluctuations, it is the underlying belief of this work that the ENSO related 

variability of climate will be lower in the current PDO than it was in the positive 

phase. Additionally, we know from the findings of Wiedenmann and Lupo that the 
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overall blocking activity is increased from the positive PDO to the current, 

negative PDO. Thus, this should be evident after exploring the height patterns in 

the current PDO.  

 

1.1 Objectives 

The need was expressed to find relationships for the Pacific South 

American (PSA) upstream of the Altiplano region of Bolivia in South America, 

similar to those areas in the Northern Hemisphere and on the west coast of 

South America. This information can then be used to create seasonal range 

forecasts. It is this study’s objective to focus on the upper air observations 

upstream, over, and downstream of South America, and to analyze patterns of 

those observations. Additionally, atmospheric blocking characteristics will be 

related to the specific ENSO and PDO phase to further illustrate pertinent trends. 
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CHAPTER 2. DATA AND METHODOLOGY 

 

2.1 Data 

 The maps in this study were produced from the National Center for 

Environmental Prediction/National Center for Atmospheric Research 

(NCEP/NCAR) reanalysis tool. This product uses a 2.5 by 2.5-degree resolution 

and spans the globe. It is available from 1948 - present for every six hours, 00, 

06, 12, and 18 UTC, and long-term monthly means from 1981 - present. The 

maps produced from the reanalysis are of the area between 0-60°S and 30-

180°W, and is hereby referred to as the grid. Blocking data from January 1970 - 

December 1999 was analyzed from Wiedenmann et al. (2002). Data gathered 

from 2000- 017 was shown in Lupo et al. (2017) and data from all years can be 

seen in the Global Climate Change Group’s Southern Hemisphere blocking 

archive at the University of Missouri-Columbia.  

 

2.2 Methodology 

After gathering maps from the NCEP/NCAR reanalysis, categories of 

different time periods throughout the year were determined to show the most 

important differences between ENSO and PDO phase. These distinct groups are 

described in detail in the next chapter. The definition for ENSO used in this 

research comes from the Japan Meteorological Agency (JMA). The JMA Index 

classifies ENSO phase based on SST anomalies within the bounded region of 

4°N-4°S and 90-150°W. The index is a five-month running mean and quantifies 
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an El Niño after those months show positive SST anomalies of 0.5 degrees 

Celsius or greater, a La Niña after negative anomalies of 0.5 degrees Celsius or 

greater, and a Neutral year otherwise. Table 1 displays ENSO years from 1969 - 

2017. Hanley et al. (2003) showed the JMA index is more sensitive to La Niña 

events than other indices and less sensitive to El Niño events.  

 

Table 1. List of ENSO years used in this study. A more comprehensive archive of 
years can be found at www.coaps.fsu.edu/jma. 

 

El Niño Neutral La Niña 

1969 1977-1981 1970-1971 

1972 1983-1985 1973-1975 

1976 1989-1990 1988 

1982 1992-1996 1998-1999 

1986-1987 2000-2001 2007 

1991 2003-2005 2010 

1997 2008        2017 

2002 2011-2013  

2006 2016  

2009   

2014-2015   

 

 

The JMA index can also be found at the Center of Ocean-Atmospheric Prediction 

Studies (COAPS) along with the PDO characterization (modes). For this study, 

the impact of the PDO on ENSO are the most important regarding the variability 

of upper level geopotential heights and winds.  
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CHAPTER 3. RESULTS 

 

In this chapter, the 500-hPa geopotential heights (gpm), 200-hPa scalar 

winds and 200-hPa zonal winds will be analyzed for the negative PDO phases 

since 1969, along with the positive PDO. The 500-hPa level is used here for 

geopotential heights to demonstrate the behavior of the middle troposphere 

including its effect on surface variables, a subject that will be covered in detail in 

future work. Additionally, this is the height level most commonly used to analyze 

atmospheric blocking. This concept, along with a comprehensive evaluation 

during the relevant time periods, will be discussed in chapter four. At 200 hPa, 

the jet stream is present at any time for the study region and is therefore used 

here. The scalar winds at this level represent the wind speed only, and neglects 

direction. The overall wind direction for a particular location is assumed to be 

westerly, but can be found by investigating the general circulation pattern or the 

vector winds. The 200-hPa zonal winds are shown to illustrate regions more 

favorable than others of blocking and will also be discussed in further detail in 

chapter four. 

 

There are five different time periods to be examined in this study. The first 

of those is of February after the onsets of El Niño (EN), La Niña (LA), and Neutral 

(NU) years. The second are of Junes prior to onset. Third, anomalies of the three 

variables from the June before onset and June after onset of each ENSO phase. 

The last two types are of transition years in February and June. Transition years 
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are defined by their direction toward the next ENSO phase. Negative transitions 

are toward El Niño, positive transitions toward La Niña, and steady state 

transitions toward the same ENSO phase as the year prior (Table 2). In context, 

toward EL can mean LA to NU, or NU to EL, and vice versa toward LA. For 

example, the February and June before an El Niño year can follow either a La 

Niña or Neutral year to be classified as a negative transition. Specifically, June 

and February of calendar year 2002 is considered a negative transition, because 

ENSO year 2001 is Neutral, trending towards El Niño in October of 2002. These 

maps will be analyzed for the end of Negative PDO (1969-1976), Positive PDO 

(1977-1998), and the current, Negative PDO (1999-2017). Please note, figures 

are displayed in groups of four (six) maps. The image in the top left will be 

described as “a”, top right as “b”, bottom (middle) left as “c”, bottom (middle) right 

as “d”, (bottom left) as “e”, and (bottom right) as “f”. 
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Table 2. List of negative, positive and steady state transition years. Columns two 
and four represent the ENSO transition from years in columns one and three. 

 

Negative Transition Positive Transition Steady State 

Negative PDO (1969-1976, 1999-2017) 

1969 NU-EL 1970 EL-LA 1971 

1972 LA-EL 1973 EL-LA 1974-1975 

1976 LA-EL 2003 EL-NU 2001 

2000 LA-NU 2007 EL-LA 2004-2005 

2002 NU-EL 2010 EL-LA 2012-2013 

2006 NU-EL 2016 EL-NU 2015 

2008-2009 LA-NU, NU-EL 2017 NU-LA  

2011 LA-NU    

2014 NU-EL    

Positive PDO (1977-1998) 

1982 NU-EL 1977 EL-NU 1978-1981 

1986 NU-EL 1983 EL-NU 1984-1985 

1989 LA-NU 1988 EL-LA 1987 

1991 NU-EL 1992 EL-NU 1990 

1997 NU-EL 1998 EL-LA 1993-1996 
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3.1 Annual and Interannual Circulation (Negative PDO 1999-2017) 

 

3.1.1 February After Onset  

There is a rather distinguishable trough-ridge-trough pattern in the 500-

hPa geopotential heights upstream of South America (SA) for EL years, with the 

588-dm contour going through a large portion of central SA (Figure 1a). The main 

difference from climate in this pattern lies in the ridge. Targeted near 45°S, 

110°W is a 70 gpm contour of above average heights (Figure 1b). Additionally, 

on both sides of this feature resides an area of weaker, below average heights. 

During LA years and west of 90°W, however, a pattern opposite of EL years is 

seen, with a ridge over where the trough feature was, and a trough over the ridge 

(Figure 1c). This is a distinct 180-degree phase difference and makes for easy 

pattern recognition. Also, in all three ENSO phases, a trough signature resides 

just east of 90°W and upstream of central Chile. This is, however, not very 

different from climate. Additionally, in NU years, the height pattern is rather zonal 

and is very average compared to climate.  
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Figure 1. The 500-hPa height composites for February following the onset of a) 
El Niño, c) La Niña since 1999, and b), d) their differences from the 1981-2010 
climatology, respectively. The contour intervals are a), c) 60 gpm, and b), d) 10 
gpm. 
 

A strong, tightly packed gradient of 200-hPa scalar wind speeds lies 

poleward of the Altiplano, continuing downstream in EL years (Figure 2a). These 

winds increase in speed moving poleward and correspond with above average 

speeds (Figure 2b). There is also an area of similar above normal wind speeds 

near 30°S, 140-170°W. For LA years, a similar, but slower gradient is found 

poleward of the Altiplano (Figure 2c). These speeds coincide well with climate. 



11 

Upstream and at the equator is an area greater than or equal 10 ms-1 above 

average. An anomalously slow pattern resides near 30°S before picking up again 

when approaching 60°S (Figure 2d). This pattern, poleward of 30°S, exists also 

downstream of SA. Like the other phases of PDO, the NU pattern shows rather 

average scalar wind speeds. In either case, winds above the Altiplano are 

aligned well with climate. 

Figure 2. The 200-hPa scalar wind speed composites for February following the 
onset of a) El Niño, c) La Niña since 1999 and b), d) their differences from the 
1981-2010 climatology, respectively. The contour intervals are a), c) 2 ms-1, and 
b), d) and 1 ms-1. 
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Centered around 110°W, an above-below-above average, 200-hPa zonal 

wind speed pattern exists from the equator to 60°S during EL years. The former 

two anomalies maximize at ±8 ms-1. A similar, but slower pattern is found 

downstream of SA. In LA years and west of 110°W, a much stronger, but similar 

pattern to EL is seen. The anomalies during NU years are closer to climate and 

more evenly spread upstream of SA. 

 

3.1.2 June Prior to Onset 

The June anomalies described in this section are half of the maps 

described in the next section. However, this section is comparing the June prior 

to EL to the June prior to LA, only. Section 3.1.3 compares June prior to and after 

onset of EL and LA, separately. The same will be true for the positive and the 

previous, negative PDO. Additionally, upper air patterns will be described in 

greater detail in the “June Anomalies” section.  

 

A strong trough-ridge-trough pattern is seen west of 90°W for EL and LA 

years (Figure 3a, 3c, respectively). However, this pattern for the 500-hPa 

geopotential heights is shifted slightly to the east before LA years. Prior to EL, 

the negative anomalies on the poleward side of the grid stay mainly southeast of 

Cape Hood and are only 30 gpm below average, while before LA years, those 

anomalies migrate westward, as far as 120°W, and strengthen to negative 50 

gpm (Figure 3b, 3d, respectively). Additionally, on the far poleward and east side 

of the grid, heights are around the climatological average prior to EL years and 
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50 gpm above before LA years. Heights before both phases over the Altiplano 

are climate-like. 

Figure 3. As in Figure 1, except for June years prior to ENSO onset.  

 

The 200-hPa composite scalar wind speed patterns for EL and LA years 

over the South Pacific are similar in strength and location. Over the 

southern/central portion of SA, however, wind speeds are weaker prior to EL 

years, centered in northeastern Argentina, than before LA years (Figure 4a, 4c, 

respectively). That leads to a weaker, positive anomaly over the same region. In 
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pre-EL years, the above average wind speeds shift westward off the west coast 

of central Chile, while the pre-LA year anomalies remain over the continent. 

(Figure 4b, 4d, respectively). Overall, the anomaly pattern across the grid is 

stronger before LA years than EL years, with the locations being rather similar. 

Above the Altiplano, wind speeds near 3 ms-1 below average prior to onset of EL 

years, while speeds prior to LA years range from 0 to 5 ms-1 below climate.   

Figure 4. The 200-hPa scalar wind speed composites for June prior to the onset 
of a) El Niño, c) La Niña since 1999 and b), d) their differences from the 1981-
2010 climatology, respectively. The contour intervals are a), c) 4 ms-1, and b), d) 
and 1 ms-1. 
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 The 200-hPa zonal wind speeds strengthen moving left on the grid from 

100°W and converging towards 30°S for June prior to EL and LA years. At this 

point however, wind speeds are near 0 ms-1 from climatology prior to EL, and 

only slightly above average before LA. Moving eastward from there is where 

deviations begin to appear in the anomaly patterns. Prior to EL years, a trough-

like pattern of below average wind speeds is found through the west coast of SA. 

Likewise, a ridge-like pattern of above average wind speeds is found through the 

same area. Before LA years, in comparison, lies a more defined pattern. 

Upstream of SA, from the equator to 60°S, the upper-tropospheric pattern sees 

above, below, and above average wind speeds. Weak, negative anomalies 

impact overhead the Altiplano region before both ENSO phases. 

  

3.1.3 June Anomalies 

Before onset of EL, above average 500-hPa geopotential heights 

dominate most of the Southeast Pacific. The peak of these anomalies lies 

between 40-50°S and 115-135°W at 50 gpm above climate. Surrounding this to 

the west and east are areas of weak below average features, indicative of an 

anomalous ridge feature in the middle of the Southeast Pacific with weak troughs 

on both sides. This above average feature grows in size and strength, and 

controls even more of the Southeast Pacific and the SA continent during the next 

June. This strong ridge signature maximum is roughly the same size as before 

EL, but is now shifted approximately 15 degrees to the west. Additionally, the 

strength is 30 gpm higher than the prior June. Upstream of the Altiplano region, 
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heights are closer to normal, while maxing at 20 gpm above average directly 

overhead.  

 

The strong positive anomalies are again prominent prior to LA years. The 

maximum is located between 35-40°S, 120-130°W at 60 gpm above climate. This 

shifting equatorward of the positive height anomalies allows below average 

heights to become relevant poleward and west of Cape Horn at 50 gpm below 

normal. Heights over the Altiplano show roughly 10 gpm above average. The 

below normal heights from before onset of LA now shifts westward and deepens 

to negative 80 gpm during the next June. Equatorward of this feature, the area of 

above average geopotential heights remains, but stretches to contain most of the 

area west of 90°W with similar strength as prior to LA. Over the Altiplano, heights 

are roughly climate-like, while directly to its south, heights lower to 20 gpm below 

average. East of Cape Horn, heights rise to 30 gpm above normal. Prior to NU 

years, the pattern is similar in structure to after onset of LA, except for the below 

average geopotential heights south of the Altiplano region. Other regions see a 

slight decrease in deviations from climate, as well. After NU years, the pattern is 

very similar to before NU onset, except the anomalies are even less, and the 

below average maximum is directly poleward of Cape Horn, instead of being 

poleward and to the west.  

 

Prior to EL, negative 200-hPa scalar wind speed anomalies lie between 

25-30°S, 135°W, 40°S, 100°W, and 15-20°S, 45-80°W at 4, 4 and 3 ms-1, 
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respectively. As inferred, above the Altiplano are negative anomalies of 3 ms-1. 

Conversely, positive anomalies lie close by, at 35°S, 130-140°W, between 25-

30°S, 90°W and along 60°S, maximized at 3, 7 and 3 ms-1 above average, 

respectively. A more organized pattern exists after the onset of EL. Below 

average geopotential heights dominate the equatorward half of SA, while strong 

positive anomalies reign poleward of Bolivia. The negative anomalous maximum 

of 6 ms-1 is located just east of the Altiplano while the positive maximum of 8 ms-1 

is just west of Central Chile. These positive anomalies continue poleward and 

stretch across the grid, poleward of approximately 40°S, at a slightly weaker 

degree. Equatorward, a negative maximum of 8 ms-1 lies near 30°S and 150-

160°W while stretching eastward to 90°W.  

 

Location and strength of anomalies prior to LA years and EL years are 

very similar. The main differences between these time periods are the positive 

anomalies that appear at 30°S over the westernmost area of the grid and the 

negative anomalies at the western and poleward-most area prior to LA. After LA, 

strong, negative anomalies dominate the central, eastern Pacific, between 15 

and 35°S upstream of SA. These maximize at negative 7 ms-1 between 110 and 

120°W. Poleward, lie positive anomalies. The opposite of these features is found 

laterally, downstream of SA: strong, positive anomalies over south Brazil, and 

negative anomalies just east of Argentina. During NU years, weak, negative 

anomalies lie over the central, east Pacific, upstream of SA. Conditions over the 

Altiplano are near climate: no stronger than 2 ms-1 above average. 
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3.1.4 June Transition 

A rather shallow trough-ridge-trough pattern is seen upstream of SA 

during June prior to transitioning toward EL. The middle ridge axis with 500-hPa 

heights from 552-570 dm, show a positive anomaly of 30 gpm above average. 

Poleward of this feature, near 60°S, is a negative 20 gpm anomalous feature. 

Heights over the Altiplano are climate-like. A related, but slightly more amplified 

pattern is seen upstream of SA during transitions toward LA. Despite the 

similarities, the height deviations from climate are much more enhanced. The 

positive anomaly at the ridge axis, now located at 40-45°S, 130-140°W with 

geopotential heights centered at the 558-dm contour, shows heights at 80 gpm 

above climatology. This is a wide area of above average heights. There is also a 

60 gpm negative anomaly centered at 60°S, 100°W with a rather strong gradient 

between opposite maxima. Overhead of the Altiplano, heights are roughly 20 

gpm above average. Maximums are more side by side heading towards steady 

state. A 50 gpm positive anomaly is centered at 45-55°S, 140-150°W while a 70 

gpm below average contour is poleward of Cape Hood, weakening equatorward. 

Heights over the Altiplano are less than 10 gpm above normal.  

 

While the strongest 200-hPa scalar wind speeds transitioning toward EL 

are near 30°S and west of 170°W at 52 ms-1, perhaps the greatest deviations 

from climate lie over the SA continent. There is, however, a wide area of 4 ms-1 

above average wind speeds upstream of SA and between 110 and 150°W, with 

positive anomalies poleward. Over central Brazil, a negative 2 ms-1 anomaly is 
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found while speeds increase to 4 ms-1 greater than normal in southern Brazil. 

Speeds then decrease to 3 ms-1 below average moving poleward to southern 

Argentina. A wide, but weak range of anomalies exist over the Altiplano. The 

southernmost region sees positive anomalies of 2 ms-1 while the northern area 

will see negative anomalies up to 2 ms-1. A similar, but weaker composite pattern 

exists upstream during LA transitions, but speeds increase over SA. Those 

slower wind speeds targeted at 30°S and 155°W lead to below average 

conditions by 10 ms-1. Speeds increase to 7 ms-1 above average moving towards 

50°S, 100-120°W. Over SA, the anomalous gradient increases. Central Brazil 

sees wind speeds 5 ms-1 below climate while speeds increase to 8 ms-1 above 

average over southern Brazil and northern Argentina. Speeds then decrease 

moving poleward and east of Argentina. The composite pattern for steady state 

transitions is most similar to that of EL years, but the anomalies upstream are 

even less than they were during those EL transitions. Over the Altiplano, wind 

conditions are close to climate. Moving further east, however, wind speeds 

decrease and fall below average by 5 ms-1. Southern Argentina/Chile then sees 

speeds above average by 4 ms-1.  

 

The main differences in the composite, 200-hPa zonal wind patterns is 

what happens over northern Argentina/southern Brazil. During EL transitions, the 

40 ms-1 isotach is centered over a small portion of northeastern Argentina and 

the southernmost area of Brazil. In LA transitions, the 40 ms-1 region is extended 

to cover the majority of northern Argentina and a 44 ms-1 isotach is seen in an 
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area similar to the EL 40 ms-1 isotach. The anomalous gradients across the grid 

at this time are much stronger than in any other ENSO phase. The Altiplano 

through central Brazil sees negative anomalies down to 6 ms-1, and areas of 

northern Chile, Argentina and southern Brazil experience wind speeds 

approximately 8 ms-1 above climate, representing a strong gradient. Upstream, 

EL transitions see a negative anomaly of 5 ms-1 at 25-30°S, 115-130°W. This 

negative feature is enhanced and seen further west, around 150-160°W at 10 

ms-1. During steady state transitions, southern Brazil and most of Argentina see 

wind speeds of at most 32 ms-1, expressing conditions closer to climate (-2 to 0 

ms-1 from average). The strong negative anomaly lies east of southern Brazil at 6 

ms-1. 

 

3.1.5 February Transition 

Geopotential heights below 570 dm experience a shallow wave-like 

pattern during EL transitions (Figure 5a). The only significant below average 

features are then poleward of 50°S between 85 and 130°W at 10 gpm below 

average, decreasing to 20 gpm below average closer to 60°S (Figure 5b). Up 

and downstream of this feature lie positive anomalies of 20 and 30 gpm, 

respectively. Toward LA, however, stronger deviations from climate are seen. A 

rather intense trough-ridge-trough pattern exists with the 582-dm contour 

encompassing the Altiplano and a small portion of southern Brazil (Figure 5c). A 

strong target of 50 gpm above average heights is maximized near 45°S, 115°W. 

Areas of below average heights then lie poleward and to the west and east of this 
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feature at -40 and -20 gpm, respectively (Figure 5d). Towards steady state years, 

there are several embedded shortwaves. There appears to be more of a weak 

ridge-trough-ridge pattern at the lower geopotential heights (570-dm and lower). 

There are two areas of 20 gpm above average heights around 40-55°S, 135-

160°W and near Cape Horn. Anomaly patterns are rather quiet otherwise.  

Figure 5. As in Figure 1, but for February transition years; a) and c) toward EL, 
b) and d) toward LA. 
 

Toward EL, the jet core is located at 50°S between 90 and 110°W, and 

downstream southern Argentina with 200-hPa scalar wind speeds near 34 ms-1. 

The strongest gradient seen is just poleward of the Altiplano (Figure 6a). 

However, that feature is not much different than climate. The only real significant, 
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positive anomaly is near the equator at 130°W at approximately 8 ms-1. Likewise, 

the main negative anomaly is at 25-30°S, 155°W with speeds 6 ms-1 below 

normal (Figure 6b). Most of SA is under climate-like conditions. The jet core is in 

the same region during LA transitions as it was for EL years, but to a slightly 

stronger degree (Figure 6c). There are several areas of above average wind 

speeds. These include 30°S, 145°W at 7 ms-1, 15-20°S, 90-100°W also at 7 ms-1, 

and downstream of Argentina at 8 ms-1 (Figure 6d). Similar sizes of below 

average features exist, but to a lesser degree. For steady state transitions a 

similar composite pattern to the EL transition is found, however the strongest 

anomaly seen is at 50-55°S, 140-150°W with speeds 4 ms-1 above climatology. 

Wind speeds are close to average in both phases.  
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Figure 6. As in Figure 2, but for February transition years; a) and c) toward EL, 
b) and d) toward LA. 
 

Strong 200-hPa zonal wind gradients along with strong anomalies are 

seen upstream of SA during EL transitions. Starting near the equator, a 10 ms-1 

above average feature is seen. Just 25 degrees poleward, a small region of 10 

ms-1 below average winds are found. The atmosphere over the Altiplano is rather 

normal. The gradients and anomalies are even more enhanced towards LA 

years. The area upstream of SA and equatorward of 10°S is dominated by below 

average wind speeds of 6 ms-1. The region poleward is dominated by above 

average speeds up to 9 ms-1. Again, moving poleward to 45°S are areas of below 
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normal wind speeds near negative 8 ms-1. From there to 60°S are more above 

average features. Over and downstream of SA, however, the patterns are 

reversed from the equator to 60°S. During steady state conditions, conditions 

across the grid are more climate-like. 

 

The more prominent takeaways from the current PDO are as follows, 

stemming mainly from changes in the sign of anomaly: 

1. Changes in 500-hPa height patterns between February prior to onset of 

EL and LA. Heights create a 180-degree phase difference seen in the 

composite mean and therefore see a change in the sign in the anomaly 

pattern. Similar changes are then seen in the 200-hPa scalar wind 

anomalies.  

2. Height patterns seen during the February transition years are opposite in 

EL to LA. The same is the case in the 200-hPa wind patterns and is 

therefore a time period to watch for drastic ENSO related changes in 

downstream climate.  

 

3.2 Annual and Interannual Circulation (Positive PDO 1977-1998) 

 

3.2.1 February After Onset 

EL years saw a more zonal pattern than LA years in the 500-hPa 

geopotential height pattern. Heights in EL years experienced a rather zonal 

pattern, while LA years underwent amplified troughing upstream of SA near 25-
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45°S, 160-180°W (20 gpm below average) along with downstream (Figure 7a, 

7c, respectively). Additionally, both ENSO phases had an embedded shortwave 

trough just upstream of SA, although it was only positively anomalous in LA 

years (20 gpm). Upstream of SA, above average geopotential heights were found 

60 to 50°S, with below normal features equatorward during EL years. The peaks 

of these anomalies were approximately 70 gpm and -40 gpm, respectively. 

Downstream, however, above average heights were as far equatorward as 25°S 

(Figure 7b). A similar, but opposite pattern was found during LA years, except for 

the downstream anomaly (Figure 7d). NU years showed a pattern similar to EL 

years, except for a more prominent ridge with axis near 110°W. The 

corresponding anomaly pattern, however, did not show significant deviation from 

climate. Height anomalies do not extend equatorward to the Altiplano in any 

phase.  
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Figure 7. As in Figure 1, but for positive PDO years. 
 
 
There was a strong gradient in the 200-hPa scalar winds composite that 

stayed equatorward of 30°S and west of 140°W, that went from 10 to 30 ms-1 

within 15 degrees (Figure 8a). The gradient weakened slightly as it moved 

eastward, but picked up as it hit the coast of SA and moved downstream. While 

the pattern over SA was not very anomalous, the maximum further west was 

approximately 9 ms-1 faster than normal. Staying upstream of SA, EL years had 

significant below average speeds poleward of 40°S and above average speeds 
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equatorward at -8 ms-1 and 10 ms-1, respectively. Finally, when near the equator, 

wind speeds reached 7 ms-1 below normal (Figure 8b). While not as obvious as 

the EL years, LA years saw a similar, but opposite pattern (Figure 8c, 8d). Wind 

speeds during EL ranged from -2 to 3 ms-1 over the Altiplano and were rather 

climate-like during LA years. The NU years composite patterns were most similar 

to their LA years, but did not show any distinct variability from climate. 

Figure 8. As in Figure 2, but for positive PDO years. 
 

Upstream in all EL and LA years, it seems there was equal area of above 

and below normal 200-hPa zonal wind speeds going from the equator to 60°S. 
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The pattern was below, above, then below again for EL years, then reversed for 

LA. In NU years, there was not much deviation from climate. Zonal wind speeds 

during EL years were between 5 and 6 ms-1 above average over the Altiplano, 

while negative anomalies reigned during LA years. 

 

3.2.2 June Prior to Onset 

 Trough-ridge-trough patterns were seen in the 500-hPa height composite 

maps, upstream of SA, for June prior to EL and LA (Figure 9a, 9c, respectively). 

The former, however, was seen clearer at lower geopotential heights and the 

latter was more amplified. Most of the deviations from climate during these times 

were west of 90°W. Prior to EL, the negative anomalies lied equatorward and 

west of the positive anomalies further poleward (Figure 9b). The opposite was 

true prior to LA years and the anomalies were also stronger (Figure 9d).  
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Figure 9. As in Figure 3, but for positive PDO years. 

 

Upstream of SA, 200-hPa scalar wind speeds maximized at the western 

portion of the grid and 30°S prior to EL (Figure 10a). This correlated to almost 10 

ms-1 above average. Below average features lied equator and poleward of this 

area. The Altiplano was under moderate, positive anomalies (Figure 10b). Wind 

speeds were much slower overall during the June prior to LA years (Figure 10c). 

The gradient at 30°S contained positive and negative anomalies, poleward and 

equatorward, respectively, with strong above average values of 10 ms-1 (Figure 

10d). 
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Figure 10. As in Figure 4, but for positive PDO years.  

 

Pre-EL years saw strong 200-hPa zonal wind speeds upstream of 90°W 

near 30°S and further equatorward maximized at 10 ms-1 above average. Below 

average speeds were then seen poleward through 60°S and near the equator. 

Prior to LA years, there was an enhanced polar jet maximized at 45-50°S 

upstream of SA. Speeds were seen at 12 ms-1 above average. Over the 

Altiplano, wind speeds were above average by 3-4 ms-1 prior to EL years, and 

below average by 3-4 ms-1 before LA years. 

 



31 

3.2.3 June Anomalies 

 Poleward of 50°S, between 90 and 150°W, lied areas of above average 

500-hPa geopotential heights, with below average heights residing poleward to 

15°S for years prior to EL onset. East of 90°W, normal heights existed. Even 

weaker features populated the Southeast Pacific after onset. An area of weak, 

below average heights resided in the poleward and western area of the grid, with 

the remaining area of showing relatively normal signatures. With how these 

anomalies were structured, a shallow trough-ridge-trough pattern might be seen 

in the composite heights. A rather similar pattern was found in the years prior to 

and after LA onset. Below average geopotential heights dominated upstream SA 

and poleward of 40°S, while above average heights reigned equatorward. The 

difference was in the strength of the gradients. The anomalous gradient prior to 

LA onset ranged from 80 to -170 gpm, a 250 gpm difference, while the gradient 

in June after onset ranged from 30 gpm to negative 100 gpm, a 130 gpm 

difference. Downstream of SA, above average geopotential heights were more 

poleward of below average heights for both Junes. Heights were near 

climatology over the Altiplano before and after both phases. Additionally, no 

defined pattern was detected prior to and after NU phase onset. 

 

Upstream of SA prior to EL years, above average 200-hPa wind speeds 

hovered between 15 and 35°S with an anomaly maximum near 10 ms-1 with a 

strong gradient. Additionally, weaker, below normal winds were located both 

equatorward and poleward of this positive, anomalous feature. The above 
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average speeds shifted equatorward when approaching the coast of SA. This 

includes the atmosphere above the northern Altiplano with values up to 4 ms-1. 

After onset, the gradient weakened and the strong, positive anomalous area 

upstream of SA from the June before EL, then contained negative and positive 

features. Similar conditions existed above the Altiplano from the June prior, 

except the 4 ms-1 feature is now overhead the southern region. Preceding LA 

years, a very strong gradient of positive wind speed anomalies lied west of 90°W 

and poleward of 35°S. The local maximum was around 11 ms-1. Directly 

equatorward of this feature sat a below average area of wind speeds with 

negative anomalies near 12 ms-1. Negative wind speeds affected the upper air 

over the Altiplano with values of negative 5 ms-1, but to its south, positive 

anomalies arose nearing 8 ms-1. The upstream pattern continued after onset of 

LA, but to a weaker degree, although the negative anomaly still reached 10 ms-1. 

Over the Altiplano, however, speeds returned to climate-like values, with positive 

anomalies overhead southern Brazil. The strong, anomalous areas weakened 

over upstream SA, and the Altiplano neared climate values prior to NU years. 

While the anomalous values were still low, the sign of the features was reversed 

upstream of SA, after NU years. 

 

3.2.4 June Transition 

Transitioning toward EL years, a low amplitude trough-ridge-trough pattern 

was seen upstream of SA before height contours converged downstream. 

Overall, 500-hPa heights did not fall (rise) past 30 gpm below (above) climate. 
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The transition pattern toward LA years was a little more amplified in the ridge-

trough-ridge-trough signature. The upstream ridge axes, however, deviated 

further from the mean than the trough axes, nearing 30 gpm above climate for 

both axes. The pattern for steady state years was more zonal than EL transitions, 

but the anomaly pattern shifted eastward about 30 degrees. Over the Altiplano, 

climate-like conditions were seen regardless of what transition occurred. This fact 

may be useful in later determining distinct patterns between PDO phase.  

 

Toward EN, the fastest composite, 200-hPa scalar wind speeds were 

found between 25-30°S and west of 150°W (52 ms-1). As expected, this was 

where the most anomalous feature upstream of SA lied, about 4 ms-1 above 

average. This jet slowed as it reached the west coast of SA. Central Brazil saw a 

4 ms-1 increase in wind speed compared to climate and just off the southeast 

coast of Brazil, a negative 4 ms-1 anomaly was found, representing a rather 

strong gradient. The majority of the Altiplano saw wind speeds of 2-3 ms-1 above 

climate. The composite pattern for LA transition years was similar to EL years, 

however the strongest positive anomaly (6 ms-1) was then found poleward of the 

highest wind speeds. East of that feature, about 145°W, lied a negative 4 ms-1 

anomaly and at 45°S, 110°W was a 4 ms-1 above average contour. The 

composite for steady state years was similar to EL and LA years, however, the 

main anomalous features were 25°S, 120°W at 4 ms-1 and 40°S, 115°W at 

negative 4 ms-1. Above the Altiplano for LA and steady state transitions, wind 

speeds were closer to normal. 
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While the composite map for the 200-hPa zonal winds was very similar in 

structure, the difference lied in their differences from climate. The main 

anomalous area in the atmosphere for June heading toward EL was at 25-30°S, 

145-155°W at 5 ms-1 above normal. Poleward from there throughout the rest of 

the map, weak, below average values were most frequent. Over the Altiplano, 

above normal wind speeds of 2-3 ms-1 were seen, with stronger values further 

east over east-central Brazil. During LA transitions, the above average maximum 

described in the EL transition was then occupied by below average speeds of 4 

ms-1 with above average maxima located further poleward, and west and east. 

These positive anomaly values were roughly 5 and 6 ms-1, respectively. The 

Altiplano saw above normal wind speeds of only 1-2 ms-1. During steady state 

transitions, a positive anomaly of 4 ms-1 lied above 20-25°S, 120-130°W, 20 

degrees equatorward of a negative anomaly with the same strength. This below 

average feature stretched eastward toward northern Argentina. The Altiplano, 

however, still saw values of only 1 ms-1 above average. 

 

3.2.5 February Transition 

During EL transitions, a weak ridge-trough pattern was found for 500-hPa 

geopotential heights under 570 dm (Figure 11a). The lower height trough was the 

only real area with heights deviated from climate (negative 30 gpm; Figure 11b). 

This region was found poleward of 50°S and 80-125°W. Toward LA years, 

significant troughing was found equatorward of 50°S and west of 90°W with a 

peak of 40 gpm below average. A small ridge axis was then found at 90°W, but a 
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shortwave appeared just upstream of SA (Figure 11c). While the ridge axis was 

anomalously above average, the shortwave was not below average. Below 

average geopotential heights reigned from Cape Horn to 170°W poleward of the 

above average feature (Figure 11d). The pattern for steady state transitions was 

very similar to that of LA, except for the highest ridge axis being shifted further 

west over the Pacific. However, when being compared to climate, this pattern 

was more common. No pattern was seen over the Altiplano during positive and 

negative transitions. 

Figure 11. As in Figure 5, but for positive PDO years. 
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Towards EN, the 200-hPa scalar wind jet core was located at 45-50°S, 

100-130°W at 34 ms-1 (Figure 12a). Strong gradients were then found equator 

and poleward. Additionally, a strong gradient sat poleward of the Altiplano. The 

Altiplano upper air saw wind speeds of 8 ms-1, a value close to climate. The more 

anomalous areas were near the equator between 130 and 140°W, where 5 ms-1 

above average geopotential heights were found, and 25-30°S, 150-160°W with a 

negative 6 ms-1 anomaly (Figure 12b). The jet core was found further 

downstream of SA, poleward and east of the continent, with speeds near 36 ms-1 

towards LA years (Figure 12c). Strong gradients again lied poleward of the 

Altiplano, but also between 15 and 20°S and west of 130°W. The strongest 

positive anomaly lied near 25-30°S, 140-150°W at 9 ms-1 above average. On the 

other hand, the below average wind speed minimum was 7 ms-1 at 50-55°S, 120-

130°W. Overhead SA, speeds were rather close to climate (Figure 12d). During 

steady state transitions, the jet core was located between 45 and 55°S, upstream 

SA to 130°W and downstream of SA at 30 ms-1 and greater than or equal to 32 

ms-1, respectively. Additionally, no defined pattern was detected directly 

overhead the Altiplano. Gradient locations were similar to those of LA transitions, 

but to a weaker degree. The fact all three transition periods had different jet core 

strengths and positions, makes it an easy target for pattern recognition with 

respect to PDO.  
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Figure 12. As in Figure 6, but for positive PDO years. 

 

A strong gradient in the 200-hPa zonal wind speeds again lies poleward of 

the Altiplano, however it is not very anomalous in any case. The areas that do 

differ from climate in EL transitions were located near the equator at 130-140°W 

with a positive anomaly of 6 ms-1 and at 25-30°S, 140-160°W with speeds near 7 

ms-1 below average. The anomalies upstream of SA during LA transitions were 

much more intense. The location of the anomalous maximum and minimum were 

opposite as they were for EL transitions. The equatorward most anomaly 

(negative) had a strength of 9 ms-1 below average and the positive anomaly had 
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speeds 12 ms-1 above average. Additionally, there was a significant negative 

anomaly with a minimum near 50-55°S, 120-130°W at 7 ms-1 below normal. The 

Altiplano in negative transitions saw slightly above average wind speeds while 

positive transition carried slightly below climate wind speeds. Most of the steady 

state transition was near climate. 

  

 From the positive PDO phase, the biggest tropospheric changes are seen: 

1. During the February following onset of EL vs. LA in both the 500-hPa 

height patterns and 200-hPa wind speeds. 

2. In June prior to the onset of EL vs. LA in the 500-hPa geopotential heights 

and 200-hPa winds. 

3. During the February transitions toward EL and LA in the 500-hPa height 

pattern and the 200-hPa scalar winds.  

The differences seen in these three sections are in the sign of the anomalies. As 

the case in the current, negative PDO, downstream effects are expected to be 

seen in the climate over SA related to ENSO.  

 

3.3 Annual and Interannual Circulation (Negative PDO 1969-1976) 

 

3.3.1 February After Onset 

The 500-hPa geopotential height patterns upstream of SA for February 

following EL years in the last, negative PDO were similar overall to those of 

February following LA years. LA years saw a ridge axis around 130°W, where EL 
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years did not. Both years saw a trough axis at 30°S between the west coast of 

SA and 90°W. From there downstream, EL years began to ridge, while LA years 

stayed at a steady trough with corresponding anomalies, while (Figure 13a, 13c, 

respectively). During EL years, a targeted area of above average heights lied 

southeast of Brazil, at 30 gpm and between 30 and 40°S, 180°W at 30 gpm. 

Similarly, below average heights near negative 40 gpm lied poleward of 55°S 

between 165 and 170°W and 40 and 60°W (Figure 13b). Negative height 

anomalies of the same magnitude also lied poleward of 55°S and between 150 

and 160°W during LA years (Figure 13d). Heights above the Altiplano were 

average for both phases of ENSO. For these years in the PDO phase, there were 

no NU years.  
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Figure 13. As in Figure 1, but for years 1969-1976. 

 

The 200-hPa scalar wind jet stream maxima for all EL and LA years lied 

poleward of 40°S across the map, with the maximum speed at any location in the 

jet for EL years (38 ms-1) being slightly faster than LA years (34 ms-1; Figure 14a, 

14c, respectively). While the jet stream was rather normal for LA years, it was 

above average in EL years by upwards of 5-6 ms-1. EL years saw very 

anomalous wind features of 9 and -8 ms-1 at 25-30°S, 175°W and 40°S, 180°W, 

respectively (Figure 14b). LA years showed above average wind speeds near 6 
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ms-1 upstream of northern Peru at 95°W (Figure 14d). The opposite can be said 

for EL years (negative 4 ms-1). While wind speeds over the Altiplano during EL 

were climate-like, LA years ranged from -4 to 2 ms-1 south to north, respectively. 

 

Figure 14. As in Figure 2, but for years 1969-1976. 

 

The features on the 200-hPa zonal wind maps were rather similar for each 

ENSO phase. The main difference between the scalar and zonal winds was the 

enhanced gradients. Over SA for LA years, however, below average zonal flow 
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rates were most prevalent. EL zonal wind speed anomalies were similar to the 

scalar winds over the Altiplano, but LA years saw near 5 ms-1 below climate. 

 

3.3.2 June Prior to Onset 

 Higher 500-hPa geopotential heights (552-582 dm) located over the 

middle of the grid showed substantial troughing with the axis at 110°W, with the 

opposite being true at 548-dm and below prior to EL years (Figure 15a). This is 

seen clearly on the anomaly map with below average heights above 552-dm and 

above average heights below. Further west, below average heights reigned with 

values of 100 gpm under climatology. Heights over the Altiplano were 10 gpm 

below average. Additionally, below normal heights covered the majority of 

southern SA and upstream (Figure 15b). Heights upstream SA during pre-LA 

years were rather opposite than before EL, with no real pattern in the composite 

map (Figure 15c). Above average heights dominated the area equatorward of 

40°S and west of 90°W, while the opposite was true for the area poleward 

(Figure 15d).  
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Figure 15. As in figure 3, but for years 1969-1976. 

  

200-hPa scalar wind speeds were substantially stronger at 30°S, west of 

150°W prior to EL years than LA years (Figure 16a, 16c, respectively). 

Additionally, this area, and further east, represented wind speeds well above 

average with the opposite being true poleward prior to EL years (Figure 16b). 

However, before LA onset, these areas of anomalies were reversed along with 

their relative magnitudes (Figure 16d). At this time, the Altiplano was under below 

average wind speeds. 
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Figure 16. As in Figure 4, but for years 1969-1976. 

 

The 200-hPa zonal wind speeds for pre-EL and LA years were very similar 

to their corresponding 200-hPa scalar wind speeds. The only differences in the 

patterns were slight displacements in maxima and increases in magnitudes in the 

zonal maps. Speed anomalies over the Altiplano were the same pre-EL, and only 

slightly slower pre-LA compared to its scalar wind speed counterpart.   
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3.3.3 June Anomalies 

Prior to onset of EL, the 500-hPa height anomalies were very opposite of 

June after onset. There was a well-defined feature of above average geopotential 

heights poleward of 40°S between 80 and 150°W at 60 gpm. A similar anomaly 

was found equatorward, centered at 30-35°S. To the west, a very strong 

deviation from climate was found at roughly 100 gpm above the mean. 

Downstream of SA, weaker, above average geopotential heights were found. 

During the June after onset, however, a similar, but opposite pattern was found. 

Heights over the Altiplano were 10 gpm below average before EL onset and 

climate-like after. Prior to a LA year, a wide area of below average, heights was 

found poleward of 40°S, west of 90°W, and then extended equatorward into SA, 

east of 90°W. Above normal heights stayed equatorward of 40°S and west of 

90°W. After onset, however, the height pattern did not seem to deviate far from 

climate and is clear the geopotential heights were closer to average than before 

onset. Of the weak anomalies that were seen the following June, most of them 

were below average. 20 gpm below average heights hovered the Altiplano during 

pre and post-LA years. 

 

Prior to EL years, above average 200-hPa scalar wind speeds dominated 

the upstream SA, equatorward side of 35°S, maximized at 10 ms-1 above normal, 

while below average speeds resided poleward. Downstream of SA, however, an 

opposite and weaker pattern was found. After onset, a narrow latitude strip of 

below average speeds was found across the map between 15 and 30°S. A very 
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similar pattern was found prior to and after LA onset. Between 15 and 30°S and 

west of 90°W was an area of below average wind speeds, while above average 

speeds dominated the remaining area in the grid. The difference lied in the 

strength of the gradients. The gradients were stronger in the June prior to LA 

onset than they were after. In the gradient from below to above normal speeds, 

near 30°S, the anomalies went from -10 to 10 ms-1, respectively, while the range 

went from only -5 to 7 ms-1 in June after onset. Weak, negative wind speeds 

were seen over the Altiplano before and after EL onset, while slightly stronger, 

above normal speeds were present during pre and post-LA.   

 

3.3.4 June Transition 

In June prior to negative transitions, an interesting pattern was seen in the 

500-hPa geopotential heights. There was a trough axis signature for all heights 

around 170°W, with the minimum heights near 90 gpm below average at 45°S, 

170°W. Moving eastward to the south coast of SA and poleward of 45°S lied 

above average heights reaching 80 gpm above average. Directly equatorward of 

these higher heights and extending from the previously described lower heights, 

were more areas of lower heights. Over and downstream of SA were also mainly 

below average heights. Heights overhead of the Altiplano were mainly normal, 

around 10 gpm below average. Junes transitioned to LA, saw a pattern just as 

unique. Peak heights were located at 35-40°S, 150-160°W with values near 80 

gpm above average. From there moving poleward and east to 55-60°S, 90-

120°W, lied a strong gradient towards below average heights with minimums at 
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negative 70 gpm. These lower geopotential heights extended into northern 

Argentina. Higher heights returned moving downstream of SA with a peak of 40 

gpm above average. Heights above the Altiplano were climate-like. In June 

during a steady state transition, a stronger trough-ridge-trough pattern was seen 

with higher than average heights at 30°S, 115-120°W, maximized at 40 gpm. 

Poleward of this feature was a gradient leading to heights 80 gpm below average 

near 55°S. Overhead of the Altiplano, heights were near 20 gpm below average.  

 

The representation of the jet stream, seen in the 200-hPa scalar winds, 

shifted equatorward as the winter months set in during the transition toward EL 

years. The strongest value of composite scalar winds sat at 30°S, weakening as 

it moved toward the coast of SA, but stayed stronger than 40 ms-1. These speeds 

correlated with strong, positive anomalies near 9 ms-1 above average throughout 

upstream SA. Equatorward and poleward of this feature lied areas of below 

average wind speeds, with a minimum of 7 ms-1 below climate on the poleward 

side. The Altiplano saw wind speeds 1-4 ms-1 below average overhead with 

stronger negative anomalies to its east, and strong positive anomalies further 

poleward near 30°W. Towards LA years, the upstream portion of the jet stream 

saw an interesting decrease in wind speeds, down to below 50 ms-1, from 60 ms-

1 going into EL years. Very strong anomalies corresponded to the same area. 

Starting at 25°S, 160°W moving to 35-40°S, 115°W, anomalies shifted from less 

than or equal to negative 10 ms-1 to greater than or equal to 10 ms-1, indicative of 

a rather strong gradient. Equatorward of the negative anomalous area contained 
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mostly above average geopotential heights. Above the Altiplano, wind speeds 

were near climate with lower speeds off the east coast of Brazil. A similar, 

anomalous pattern was found heading towards steady state years, except for the 

two maxima described for LA transitions being more meridional. Additionally, the 

wind speeds over the Altiplano reached 2-5 ms-1 above average. 

 

While the EL transition 200-hPa zonal composite pattern looked similar to 

its respected scalar wind map, the anomalies were all but the same. The 

anomalous features heading into EL years were nearly the opposite as its scalar 

wind map to go along with a stronger gradient. The LA transitions, however, were 

almost identical to its scalar wind pattern. Heading into steady state years, the 

zonal wind pattern was again almost the opposite of its scalar wind pattern. 

Steady state years saw approximately the same above and below average zonal 

wind speed features moving towards the pole. Over the Altiplano, zonal winds 

were below average by 4 ms-1 during negative transitions, average during 

positive transitions, and up to 6 ms-1 above climate during steady state 

transitions, introducing very distinct conditions. 

 

3.3.5 February Transition 

Transitioning to EL years, below average 500-hPa heights are seen west 

of 140°W and poleward of 35°S down 70 gpm, representative of strong 

troughing. Slightly above average heights are then found at 30-35°S, 135-145°W 

and below average heights are again seen with a minimum of negative 50 gpm 
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centered at 45-50°S, 95-105°W. The heights over the Altiplano were 20 gpm 

below average (Figure 17b). During positive transitions, 576 and 582-dm 

contours converge with lower geopotential heights at about 150°W moving from 

180°W. The pattern was then rather zonal until a small ridge-trough feature was 

found at 90 and 80°W, respectively. Below average heights existed mainly 

poleward of 50°S with the opposite being true equatorward. Over the Altiplano 

were climate-like height features (Figure 17d).  A negatively tilted, trough-ridge-

trough pattern from higher to lower geopotential heights was seen upstream of 

SA during steady state transitions. This is verified when looking at the 

corresponding anomaly map. Above or below average features was seen 

diagonal. Again, above the Altiplano were climate-like height conditions. 
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Figure 17. As in Figure 5, but for current, negative PDO years. 

 

Regardless of ENSO phase, the jet stream typically found during these 

transitions was poleward of 40°S, as seen in the 200-hPa scalar winds. 

Additionally, strong anomalies were found throughout. Toward EL years, positive 

anomalies were found upstream of SA and near the equator. Other strong, above 

average features were centered at 40°S, 150°W and 35°S, 95°W at 10 and 9 ms-

1, respectively. Poleward mainly of 50°S was dominated by below average 

speeds, along with over the Altiplano, with values between 0 and -3 ms-1 (Figure 

18b). Towards LA, poleward of 45°S saw above average speeds, the opposite of 
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EL transitions. The peaks for all positive anomalies were: 20-30°S, 170°W at 8 

ms-1, 50-55°S, 130-180°W also at 8 ms-1, and a wide area over the southern 

portion of Argentina at 6 ms-1. The main, strong negative anomalies were west of 

170°S, 40°S and equatorward of 5°S, between 130 and 140°W. Above the 

Altiplano existed climate-like conditions (Figure 18d). Toward steady state years, 

maxima/minima were scattered. Positive anomalies are at 55°S, 175°W at 7 ms-

1, 35°S 55°W at 6 ms-1 and at the equator between 130 and 140°W also at 6 ms-1 

above average. The latter is opposite of the LA transition. Negative anomalies 

were found over northern Argentina at negative 6 ms-1, and 30°S, 180°W near 10 

ms-1 below average. The Altiplano saw a wide range of wind speeds, -4 to 3 ms-1 

anomalies south to north, respectively.  
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Figure 18. As in Figure 6, but for current, negative PDO years. 

 

The fastest 200-hPa zonal wind speeds lied with the jet stream, regardless 

of transition. EL and LA transitions saw minimal speeds over the Altiplano, while 

steady state years saw relatively no zonal winds. During EL transitions, the 

pattern from equator to 60°S upstream of SA was above-below-above-below with 

a strong maximum/minimum for each. The pattern for LA transitions, however, 

was less defined. Upstream of SA through 160°W contained mainly positive 

anomalies. 
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3.4 PDO Comparisons (with respect to ENSO) 

 

Section 3.3 described upper air height and wind patterns interannually, 

based on the appropriate ENSO phase, for each of the PDO phases since 1969. 

Furthermore, it gave details needed to distinguish the patterns from one ENSO 

phase to another. This section will break down height and scalar wind patterns in 

a way necessary to differentiate them based on the phase of the PDO with 

respect to ENSO. It will start by comparing these patterns of the end of the last 

negative PDO (1969-1976) to the current negative PDO. Then, will finish by 

comparing the patterns of the current negative PDO to those of the positive PDO, 

as the current negative PDO has a greater sample size than that of the last, for 

the purposes of this study. The patterns briefly described in this section can be 

found in more detail in section 3.3. 

 

It is important to note the patterns in comparisons between the end of the 

negative PDO (1969-1976) and the current negative PDO, based on ENSO 

phase, may have significant differences. This can be due to the first set of years 

including only seven years, while the second includes eighteen, thus sample size 

is not the same. The reason for this occurrence is because consistency was kept 

between the length of blocking data in Wiedenmann et al. (2002) and this study. 

The research covered a thirty-year period from 1970-1999 that updated the 

previous work of Lupo and Smith (1995). Then, Lupo et al. (2017) updated the 

work to include years 2000-2017. Both results were used in this study. 
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Additionally, the differences can be caused by an overall change in the climate 

system, a topic out of the scope of this research.  

 

3.4.1 February After Onset 

The main difference between the last and current negative PDO phases, 

for both EL and LA years, is the lack of a strong pattern for the former. Its 500-

hPa geopotential heights below 570-dm show a weak, anomalous trough, ridge, 

trough pattern starting around 130°W during EL years and mainly sporadic, 

below average heights during LA years. The current negative PDO, however, 

shows a well-defined trough, ridge, trough pattern, with an emphasis on the 

strong ridge axis, around 150°W for EL years, while LA years show a strong, but 

opposite pattern.  

 

The last and current negative PDO show similarities in their respected 

200-hPa scalar wind patterns, except for a small number of opposite anomalous 

features. These include around 60°S in EL years and over the southern portion of 

SA in LA years. Like the geopotential heights, the main difference in the phases 

lies in the strengths of the anomalies. Both negative PDO, EL phases show 

positive anomalies between 140-180°W, 30°S, but it is much stronger during the 

first negative PDO. During LA years, a stronger positive feature is seen near the 

equator upstream of SA during the last negative PDO, while a stronger negative 

feature lies over northern Argentina/Chile. 
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Figure 19. The 500-hPa geopotential height composites for February following 
the onset of EL between a) years 1977-1998 and c) years 1999-2017 and b), d), 
their differences from climate, respectively. The contour intervals are a), c) 60 
gpm, and b), d) 10 gpm. 
 
 

Pronounced differences are seen between the current negative PDO and 

the positive phase for the 500-hPa geopotential heights. The positive phase 

shows prominent, negative anomalies upstream of SA and equatorward of 50°S 

during EL years, while the opposite is seen during LA years (Figure 19b, Figure 

20b, respectively). For 200-hPa scalar wind speeds, there are well-defined 

patterns upstream of SA during the positive PDO in both phases of ENSO. From 

the equator to 60°S, the EL phase shows a negative, positive, negative 
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anomalous feature while the opposite is true for LA years. Additionally, heights 

over the Altiplano are near climate for all phases. The height and scalar wind 

speed patterns for the last negative PDO in this particular comparison are found 

at the beginning of section 3.4.1. These strong and distinct differences in height 

and scalar wind speeds should lead to a simplified pattern recognition process 

between the upper air circulation and surface data. 

 

Figure 20. As in Figure 19, but for February following the onset of LN. 

 

 



57 

3.4.2 June Prior to Onset 

To a certain degree, both the last negative and the current PDO, before 

EL years, show signs of a trough-ridge-trough signature in their 500-hPa height 

anomaly pattern. The central differences in the two phases lie in the strengths 

and precise locations of the anomalies. At the end of the last negative PDO, 

strong, negative anomalies dominated west of 150°W, while currently, the same 

region contains very weak, positive anomalies poleward and very weak, negative 

anomalies equatorward. Eastward to the coast of SA, the current PDO then sees 

positive and negative anomalies completing the oscillating pattern. The last 

negative PDO, however, saw a very “stacked,” one-dimensional pattern with 

strong, negative anomalies equatorward of 45°S and strong, positive anomalies 

increasing toward the pole. Prior to LA years, similarities are seen in the anomaly 

patterns as well. Upstream of SA, both negative phases again show this stacked 

feature with negative anomalies poleward of the positive anomalies. The features 

in the last negative PDO are stretched a bit further west to east and extend 

further equatorward than the current phase. 

  

 As described further in section 3.1.2, the pattern of the upper level, scalar 

wind speeds for the current PDO is rather undefined. Over the Altiplano, winds 

are relatively normal. The features over the last negative PDO, however, are 

much more distinguishable. Upstream of SA and equatorward of 35°S lie mainly 

positive anomalies, while poleward of the same latitude are negative anomalies. 

Wind speeds over the Altiplano are below average by 2 to 3 ms-1.  
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Figure 21. As in Figure 19, but for June prior to onset of EL. 

 

 The main deviations from climate in the 500-hPa height patterns from the 

positive and current PDO, EL years lie west of 90°W (Figure 21b, 21d, 

respectively). While the weak trough-ridge-trough feature is seen upstream of SA 

in the latter, the former sees negative anomalies westward to 155°W and 

poleward of 50°S, with positive features further equatorward. Through the 

positive PDO, negative anomalies were seen upstream of SA and almost three 

times as strong as in the current PDO (Figure 22b). Negative height anomalies 

are most prominent between 60-120°W and poleward of about 50°S with positive 
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anomalies lying mainly equatorward during the current PDO (Figure 22d). While 

the current PDO, EL phase shows non-uniform 200 hPa wind anomalies 

upstream SA, the positive PDO exhibits strong, positive anomalies equatorward 

of 35°S and weaker, negative anomalies poleward with wind speeds over the 

Altiplano between 0 and 3 ms-1. Prior to LA years, the pattern goes from strong, 

negative anomalies equatorward of 30°S and positive anomalies poleward in the 

positive PDO, to the negative anomalies existing upstream and between 15-

35°S. Additionally, the Altiplano saw negative anomalies during the positive PDO 

and positive features of the same magnitude during the current phase. 
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Figure 22. As in Figure 20, but for June prior to onset of LA. 

 

3.4.3 June Anomalies 

 As explained in section 3.3.2, negative anomalies dominate upstream SA, 

equatorward of 40°S and west of 150°W prior to EL years, while the opposite is 

true for June after EL years during the last negative PDO. Additionally, prior to 

LA, below average geopotential heights dominate upstream SA poleward of 40°S 

and overhead SA while weak, below average heights are most prominent after 

LA onset. This pattern is rather different than for the current negative PDO. The 

positive, anomalous feature from the last negative PDO, prior to EL onset, is now 
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stretched in a meridional manner between the two negative anomalies, upstream 

of SA. Also, these signatures are decreased in strength. While the last negative 

PDO after EL onset saw a more west to east pattern of positive and negative 

anomalies, respectively, upstream of SA, the current PDO sees a more equator 

to pole pattern of positive to negative, respectively, with the positive feature being 

stronger. Perhaps the most similar pattern between negative PDO’s is prior to LA 

onset with positive anomalies staying mainly equatorward of 40°S, upstream of 

SA. The positive anomaly is stronger in the last negative PDO, however. The 

pattern of the current PDO, after LA onset is very similar to before LA, but 

different from the last negative PDO after onset. This time period is dominated by 

below average geopotential heights. 

 

 The main difference prior to onset of EL between the last and current 

negative PDO of 200-hPa geopotential heights lies west of 100°W and 

equatorward of 35°S. The last PDO is dominated by above average heights in 

this region, where the current PDO is much closer to average and even below 

average in some areas. After EL, there are big differences. The current PDO 

sees strong, negative anomalies over the Altiplano, with an intense gradient to 

the south, leading to heightened, positive anomalies just west of central Chile. 

Additionally, poleward of 45°S upstream of SA saw above average wind speeds 

during the last negative PDO, while the current PDO sees wind speeds much 

closer to average in this region. Prior to onset of LA, the patterns between 

negative PDO’s are rather similar, but stronger upstream of SA during the last 
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PDO, and stronger over/downstream of SA during the current PDO. After LA, 

negative anomalies lie west of 90°W and equatorward of 35°S, with closer to 

above average speeds near the equator during both negative PDO’s. The main 

difference in this time period lies over southern Brazil, where strong above 

average speeds are seen in the current PDO, while speeds closer to normal 

were seen in the same area during the last negative phase.  

 

 There are distinct differences between the current PDO and the positive 

phase in both 500-hPa geopotential heights and 200-hPa scalar wind speeds. 

During the positive phase, other than the area between 90-150°W and poleward 

of 50°S, negative height anomalies dominate upstream SA prior to onset of EL. 

After EL, heights settle to closer to normal across the grid. Prior to LA years 

however, above average heights lie equatorward of strong, below average 

heights around 40°S and upstream of SA. After LA years, a similar, but weaker 

pattern exists.  

 

200-hPa scalar wind speeds during the positive phase show strong 

positive anomalies upstream of SA, prior to EL. After, this strong area from prior 

to EL now contains weak, positive and negative anomalies. Prior to LA, strong 

negative and positive anomalies lie equatorward and poleward of 35°S, 

respectively. After LA, a similar pattern is seen, but to a slightly weaker degree. 

The current, negative PDO pattern for geopotential heights and winds are 
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explained briefly at the beginning of this section, but the differences between the 

two phases are significant. 

 

3.4.4 June Transition 

Distinct differences are seen prior to the negative transition toward EL 

between the last negative PDO and the current phase. Most of the poleward 

region of the grid (50° and poleward) is under strong, above average 

geopotential heights while equatorward of this area is under strong, below 

average heights. In the current PDO, the opposite is true and to a much weaker 

degree. Heights over the Altiplano were also slightly lower than they currently 

are. Aside from the area of below average heights upstream of Central Chile, 

current heights transitioning toward LA are rather similar to those of the last 

PDO. Opposite the case toward EN, heights are slightly higher over the Altiplano 

currently than they were in the last negative PDO.  

 

As was the case in the height patterns towards EN, the 200-hPa scalar 

wind speed patterns in the last negative PDO and the current phase are 

opposite. The center of the Southeast Pacific (120°W, 30°S and surrounding 

region) are under below average wind speeds while the areas equator and 

poleward are above average, currently. Additionally, these anomalies are 

weaker. Overall, the upstream SA patterns for wind speeds toward LA are 

similar, with the current anomalies being slightly weaker. Directly overhead the 
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Altiplano, wind speed anomalies were slightly stronger during the last negative 

PDO than the current. 

 

The main differences in the height patterns between the positive and current 

PDO lie in the anomaly patterns. While both PDO’s show similar, composite 

trough-ridge-trough patterns toward EL, the first trough to the west shows its 

anomaly is negative in the positive PDO, but positive in the current PDO. Toward 

LA, the positive PDO shows the stacked feature, with negative geopotential 

heights poleward, and positive heights equatorward of 50-55°S while the current 

PDO is under a well-defined trough-ridge-trough pattern. Additionally, heights are 

lower over the Altiplano during the positive PDO. 

 

The 200-hPa scalar wind speed anomalies upstream of SA, toward EL, 

are rather similar between the positive and current PDO. The former saw small 

positive anomalies over the Altiplano, while the latter sees slightly below 

average. While there is no true pattern in the anomalies for the positive PDO, as 

described further in section 3.2.4, the pattern discussed in the preceding 

paragraph is more distinct. Wind speeds over the Altiplano are very similar for 

both phases of the PDO.  

 

3.4.5 February Transition  

In February prior to a negative transition, a weak, ridge-trough-ridge 

pattern is seen across the grid in the lower geopotential heights at 500-hPa 
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during the current PDO. However, in the last negative phase, a distinct trough-

ridge-trough signature is seen upstream of SA in the anomalies. Heights above 

the Altiplano were below average during the last negative PDO, while currently 

they remain close to normal. Over the last negative PDO, toward LA years, lower 

than average heights tended to stay poleward of 50°S with weaker, positive 

heights equatorward. During the current PDO, a strong trough-ridge-trough 

pattern is seen, mainly in the lower heights. 

 

200-hPa scalar wind speed anomalies over the upstream SA grid are 

slightly different for the negative PDO phases toward EL. While the pattern for 

the last negative PDO is mainly positive, negative, positive, negative from the 

equator to 60°S, the current pattern is mostly positive, negative, positive, and 

with weaker anomalies. Transitioning toward LA, the last negative phase has no 

real pattern. The current PDO pattern, however, is mostly similar to that of the 

last negative PDO toward EL.  
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Figure 23. As in Figure 22, but for February, negative transition years. 

 

The weak, positive 500-hPa height anomaly, toward EL, found in the 

western portion of the grid in the positive PDO is also found in the current 

negative PDO (Figure 23b, 23d, respectively). Although, the current pattern 

trends toward a ridge-trough-ridge, while the positive PDO pattern turns negative 

moving east throughout the poleward region of the grid. The positive PDO, 

transitioning toward LA, contained positive anomalies from the poleward-western 

area of the grid to southern Chile and poleward in between, with negative 
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anomalies equatorward (Figure 24b). Rather distinguished differences are seen 

from the ridge-trough-ridge pattern in the current PDO phase (Figure 24d).   

Figure 24. As in Figure 23, but for February, positive transition years.  

 

 Aside from the area south of Cape Cod and east of Argentina, the 200-

hPa scalar wind speed patterns for the positive PDO and the current PDO are 

rather similar. Both show distinct positive, negative, positive anomalous features 

from the equator to 60°S toward EL. The orientation of anomalies, upstream of 

SA, transitioning toward LA is more spaced with negative, positive, and negative 
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features from the equator to 60°S during the positive PDO. The current PDO, 

however, adds another layer of positive anomalies toward the poleward region of 

grid, causing the other anomalies to become thinner, zonally. 
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CHAPTER 4. SOUTHERN HEMISPHERIC BLOCKING 

  

 As in section three, the goal of this section is to relate the characteristics 

of atmospheric blocking to each PDO and ENSO phase and, in future work, to 

the applicable surface variables. The definition of blocking and its characteristics 

comes from Lupo and Smith (1995), but will also be discussed here. Blocking 

occurrence is a block that persists for a period of the required five days or more 

within a certain region while the blocking duration is the number of days the 

occurrence lasts. The number of blocking days throughout the year is then the 

occurrence multiplied by the duration. Finally, the blocking intensity (BI) is first 

introduced in Lupo and Smith (1995) as; 

BI = 100.0 * ((MZ/RC) - 1), 

where MZ is the maximum 500-hPa geopotential height associated with the 

anticyclone and RC is a representative 500-hPa geopotential height pattern 

contour of the entire blocking event. For example, let MZ be 5880 and RC 5760. 

Then, BI ≅ 3.16. Typical values range from 1.0 - 10.0 where values greater than 

4.55 are considered strong, between 2.55 and 4.55 are moderate, and less than 

2.55 as weak. Lupo and Smith further use this data when investigating upstream 

and downstream cyclones as they are associated with the corresponding 

blocking anticyclone.  

 These values are used here to compare blocking events based on their 

respected PDO and ENSO phase (Table 3). Data from years 1970-2000 comes 

from Wiedenmann et al. (2002), 2000-2016 from Lupo et al. (2017), and 2017 
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through October 2018 from the blocking archive at the University of Missouri-

Columbia.  

  

Table 3. Characteristics of Southern Hemispheric blocking with respect to PDO 
and ENSO following the results of Wiedenmann et al. (2002) and Lupo et al. 
(2017). 
 

ENSO Phase Occurrence  Duration Intensity % of Southeast 
Pacific Event 

Positive PDO 1977-1998    

El Niño (5) 9.00 7.02 3.02 28 

Neutral (15) 9.47 7.11 2.76 36 

La Niña (2) 6.00 6.71 2.74 45 

Total (22) 9.05 7.06 2.83 35 

     

Negative PDO 1999-Oct 2018    

El Niño (6) 15.33 8.24 2.93 45 

Neutral (10) 15.70 7.85 2.83 38 

La Niña (4) 16.50 7.55 2.59 35 

Total (19) 16.58 7.90 2.83 39 

 

From 1970 to October 2018, there have been 598 blocking events 

worldwide. Of those, 166 (28%) have been in the Southeast Pacific, defined by 

the area bounded by 60°W-160°W. This is a rather significant percentage and 

would therefore play an important role in the upper air circulation patterns and 

effect downstream climate. From Table 3 and Lupo et al. (2017), blocking 

characteristics have increased in both duration and occurrences, but not 
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intensity, since the start of the current, negative PDO. A further analysis of 

atmospheric blocking and its characteristics will be done, based on the positive 

PDO/current, negative PDO and their ENSO phases, in the next section.  

 

As is the case worldwide, atmospheric blocking events are most prevalent 

during winter or cool months. Thus, the northern hemisphere sees the most 

events during December, January, and February, and the southern hemisphere 

during May, June, and July. For this study, June anomaly maps are used to 

analyze upstream SA height patterns as these are most indicative of the blocking 

season and of the transition between ENSO phase (Figure 25).  

 

 Out of the three ENSO phases of the positive PDO, EL years saw the 

highest intensity overall during blocking events. Intensities have been lower 

overall since 1999, however. This may not be so obvious, as Figure 25a shows 

prominent below average geopotential heights throughout the shallow ridge-

trough-ridge-trough pattern. This may be explained by the low ratio of Southeast 

Pacific events to overall Pacific events (28%). Compare this to 46% in the current 

PDO. Figure 25b shows strong, distinct high pressure features upstream of SA, 

covering a large portion of the area used in Wiedenmann et al. (2002). In other 

words, the region defined by the grid is not where many of the Pacific blocking 

events took place last PDO, where almost half of all Pacific events currently are 

in the Southeast Pacific.  
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 Perhaps the most similar in anomalies between PDO phases are the LA 

years. Both phases show strong, below average geopotential heights poleward of 

45-50°S. Equatorward though, are wide areas of high-pressure anomalies 

(Figure 25c, 25d). This could be indicative of prominent blocking activity in this 

area. It is worth noting, the positive PDO had only two LA years and nearly three 

times as few occurrences on average that lasted shorter in duration. However, 

these events were more intense than the current PDO and occurred in the 

Southeast pacific more frequently, a possible explanation for the similarities 

between the upper atmospheres.  

 

While the average occurrences and durations are still higher in favor of the 

current PDO, the intensities and percentage of the NU year Southeast Pacific 

events are more comparable than during EL or LA years. Still, the positive PDO 

shows more low-pressure features than the current PDO (Figure 25e, 25f, 

respectively). In fact, the positive PDO shows a recognizable low-pressure 

signature well upstream of Argentina. One possible explanation for this is the 

appearance of SST clusters A and E in the Pacific. This classification of SST’s is 

most associated with the NU ENSO phase (Kelsey et al. 2007). As such, an 

increase in SST’s is often associated with an increase in upper atmospheric 

geopotential heights, and vice versa. In this case, clusters A and E correspond to 

below average temperatures and may therefore dictate the 500-hPa geopotential 

height anomalies in the Southeast Pacific. 
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Figure 25. The 500-hPa geopotential height anomalies for June following onset 
of a) EN, c) LA and e) NU for positive PDO years, and b) EN, d) LA and f) NU for 
negative PDO years. The contour intervals are 10 gpm.  
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` The 200-hPa zonal wind speed anomalies say a lot about the favorability 

of blocking formation. Oliveira et al. (2014) studied the occurrences of southern 

hemispheric blocking as they pertain to the SAM and ENSO. SAM is analogous 

to the Antarctic Oscillation (AAO) and is similar to the Arctic Oscillation (AO). It is 

a strong belt of westerly winds that lies near the pole and influences strong tracks 

and fronts. During a positive SAM, the wind belt stays near Antarctica, but in a 

negative SAM, this oscillation extends toward the equator and brings extended 

cyclonic activity with it on an interannual basis.  

 

In his work, Oliveira was able to draw important conclusions regarding the 

zonal wind speed anomalies over the southern pacific, amongst other areas, 

during some of the positive PDO (1982-1997). Although Oliveira used the 

Oceanic Niño Index to classify ENSO events and thus has a different number of 

EL and LA events, the principle idea is the same. One result found in this study, 

a strengthening of the subtropical jet stream prior to EL years in the positive PDO 

(Figure 26a, 26b), combined with an enhanced polar jet over Antarctica, is 

consistent with the result found in Oliveira’s work. Figure 26b is most similar to 

the blocking regime map of the negative SAM during EL in his Figure 11. 

Similarly, another result of this study, a weakening or non-existent subtropical jet 

during LA years (Figure 26d) most mimics the zonal regime map of the positive 

SAM during LA events in his Figure 11. The official observation was a high 

number of blocking events during positive PDO, EL phase and a low number of 

blocking events during positive PDO, LA phase, verified in Table 3.  
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Figure 26. The 200-hPa zonal wind speed composites for June prior to onset of 
a) EL and c) LA and b), d) their differences from the 1981-2010 climatology, 
respectively. The contour intervals are a), c) 2 ms-1 and b), d) 1 ms-1. 

 

4.1 Future Work and Discussion 

 While this study focused on the 500-hPa height and 200-hPa wind speed 

differences between PDO and ENSO in the South Pacific, there are several other 

opportunities available to continue this work. First, updating Oliveira et al. (2014) 

to include the years of the current PDO could help explain the appearance of 

certain height and wind patterns. This could also be accomplished with a further 

analysis of SST clusters and their effects on mid-tropospheric characteristics 
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found in Birk et al. (2010). Severe drought was a major component of Bolivian 

climate during many years of the positive PDO. It would be of value to analyze 

the middle/upper-tropospheric geopotential heights and winds, respectively, to 

see if they could have contributed to those conditions. For example, in time 

periods where a jet streak is seen over the central portion of the SA continent, 

convergence aloft would lead to high pressure at the surface and favorable 

conditions for drought to exist. 

 

Regarding blocking, it is important to remember the location of the high 

pressure, upstream of SA, is crucial in determining downstream climate. This 

study focuses on atmospheric blocking in the Southeast Pacific, an area that 

would have an overall impact region larger than the Altiplano in Bolivia.  

 

This work is awaiting future statistical analysis on surface data. 

Specifically, temperature and precipitation as it relates to PDO and ENSO. Then, 

the mid-to-upper tropospheric patterns, along with those of atmospheric blocking 

events, will then be statistically linked to the surface observations. Preliminary 

research from the Patacamaya station in Bolivia, done by Ms. Katherine Rojas, 

has shown negative precipitation anomalies in December, January, and February 

during EL years. The next three months during LA years exhibit positive 

anomalies. Additionally, September, October, and November show negative 

precipitation anomalies during LA. Temperature anomalies were examined as 

well. The temperature minimums for December, January, February and June 
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show positive anomalies during EL and maximums reveal negative anomalies 

during January, February, May, June, and July in LA years. 

 

4.2 Conclusion 

The main objective of this work was to investigate the structure of the 

upper level 500-hPa geopotential heights and the 200-hPa scalar and zonal wind 

speeds in the South Pacific, and up and downstream of SA. Additionally, patterns 

were found amongst the three variables when being compared to ENSO and 

PDO since 1969. Blocking characteristics were analyzed concurrently and the 

results of which are laid out in Table 3. It is the intention of this work, combined 

with future analysis, to provide crucial seasonal range forecasts for Bolivia, SA. 

 

The current PDO shows distinct 500-hPa geopotential height differences 

between ENSO phase. Contradictory height anomalies are seen across all time 

periods. The June and February transitions have their differences mainly in 

strength of anomaly, while the other three time periods show main differences in 

location. Further, the two transition periods do not show an anomaly greater than 

30 gpm leading to EL. The substantial differences in 200-hPa scalar wind speed 

anomalies can be seen in all the subject time periods. The majority of these are 

associated with the location and/or the magnitude of the jet stream, located just 

equatorward of 60°S.  
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The 500-hPa height discrepancies between ENSO phase during the 

positive PDO again stand out. Now, those are seen throughout all time periods 

with deeper, opposing anomalies. Except for June transition years, the main 

differences are related to the positive or negative signs of the anomalies. These 

are seen in the lower half of the grid, with one near 60°S and the other 

equatorward. Drastic differences are again seen throughout all maps in the 200-

hPa scalar winds. Similar to the height comparisons, the main differences in the 

wind speeds are seen in the sign of the anomalies.  

 

At the end of the last, negative PDO, evident differences are seen in the 

height patterns in all time periods except for during February after ENSO onset 

and in June before and after LA. The major distinctions are seen in the zonal 

orientations of either positive or negative anomalies, except for February 

transition years, where the phase difference in the SA upstream wave are 

opposite. Clear differences are seen in all 200-hPa scalar wind maps except for 

June, before and after ENSO. These are most apparent upstream of SA. 

 

Distinct results are also seen when comparing the current PDO to the 

positive PDO based on ENSO phase. All the time periods show moderate to 

strong anomaly differences. February during positive and negative transition 

years, June prior to EL, and February after EL and LA, all show anomalous wave 

patterns over the grid during the current PDO, while their counterparts in the 

positive PDO show more “stacked” anomaly features. 200-hPa wind speed 
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anomalies show differences upstream of SA, but also strong differences, in most 

cases, directly over the continent.  

 

A combination of statistics found in Wiedenmann et al. (2002) and Lupo et 

al. (2017) and (2018) was used here to help explain atmospheric blocking 

occurrences and above average height anomalies over the South Pacific. Nearly 

one-third of all Southern Hemispheric blocking events from 1970-October 2018 

occurred over the Southeast Pacific. Additionally, Table 3 illustrates the overall 

increase in blocking events and durations since the turn of the PDO in 1999 

through all phases of ENSO. Blocking intensity has remained consistent 

throughout, although has decreased slightly for EL and LA years, specifically. 

However, EL years show a strong increase in Southeast Pacific events in the 

current PDO. Few LA events have taken place since the beginning of the positive 

PDO, but the percentage of appearances over the Southeast Pacific were higher 

than in any other ENSO phase in the positive PDO. In addition, the average 

events per year were highest in LA than the other ENSO phases during the 

current PDO. SST anomalies have been shown in Birk et al. (2010) to affect the 

middle-atmospheric geopotential heights in the Pacific. Based on the SST 

anomaly cluster present at the time, this may be a reason for certain low-

pressure patterns seen in the study. Similar results were found to Oliveira et al. 

(2014) in that a strengthening of the subtropical jet during June before EL onset 

during the positive PDO helped in favoring blocking conditions. Additionally, 
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weakening in the subtropical jet during LA years may have played a role in the 

decrease in blocking events during that period.  
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