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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 phenomena have an impact on the occurrence of 
atmospheric blocking and the long-term conditions for North America. Similar relationships may 
be found for seasonal range prediction over South America. 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) 
reanalyses, the character of the monthly circulations were studied over the South Pacific/South 
America sector from 2000–2016. Initial results show that there is a negative correlation in the upper 
air circulation over the East Pacific and 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° phase 
difference. Finally, there is evidence that the circulation pattern for the 2000–2016 may be different 
from that of the latter part of the 20th century as indicated by a recent reversal of the interdecadal 
variability of atmospheric blocking over the South Pacific Region.  

Keywords: seasonal forecasting; South Pacific; teleconnections; South America; ENSO; blocking; 
precipitation 

 

1. Introduction 

Recently, seasonal range forecasting up to two seasons ahead has been performed successfully 
for the Missouri USA region with skill better than climatology [1–3]. Also, [1] demonstrated that 
atmospheric blocking occurring over the Pacific Region can have a strong influence on the character 
of warm season conditions over the Missouri USA region. Additionally, the work of [4–6] 
demonstrated a strong tendency for summer season conditions to depend on the direction of the El 
Niño and Southern Oscillation (ENSO) transition. The work of [5] demonstrated a similar transition 
based dependence in western Russia, and [5,6] confirmed the tendency for atmospheric blocking to 
influence growing season conditions. Then [3] used this information along with time series analysis 
of crop yields to generate tendencies for soybean and corn yields based on the transition phase of 
ENSO.  

The work of [1] was based on that of [7] (and references therein) who demonstrated that the 
monthly surface conditions of the Missouri Region are based on the impact that seven different 
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monthly Sea Surface Temperature (SST) clusters on the jet stream in the Pacific North American 
(PNA) region from 1955-1992. These SST clusters generally corresponded to phases of ENSO 
including El Niño, La Niña, and Neutral. The work of [1] updated the earlier work of [7] to include 
all months up to 2007 and demonstrated that a change in the phase of the Pacific Decadal Oscillation 
(PDO) in 1977 and 1998 could be identified by the presence of certain SST clusters. They [1] also 
constructed PDFs of temperature and precipitation from surface data in Missouri finding statistical 
tendencies toward warm or cool, and/or wet or dry conditions corresponding to these SST clusters. 
Then [2] expanded on the work of [1] to include several cities across the central USA from 1900 to 
2005. These statistical relationships became the basis for the work of [3]. However, ENSO variability 
can be somewhat localized [8–10] and the relationships found in [1,3] are generally applicable for 
much of Missouri and adjacent regions. Indeed [2,11] demonstrated that ENSO and PDO variability 
in southwest Missouri can be different from that of regions to the north and east.  

Finding similar teleconnective relationships for seasonal range prediction in South America 
should also be possible as it is well-known that ENSO has a stronger impact on South American 
weather and climate as well (e.g., [12]). This is especially true for the western and eastern coastal 
regions, and intraseasonal and interannual variability can be found in the precipitation, as well as 
temperatures, and the upper level winds [12]. Additionally, the Pacific South American (PSA) Pattern 
(e.g., [13]), which is analogous to the PNA, can influence the weather and climate of the western coast. 
The PSA was described by [14] as having two primary modes (wave numbers three and four), and 
[15] associated the wave number three pattern as being associated with longer-term ENSO variability 
and wave number four pattern associating with quasi-biennial time-scales. Additionally, the 
intraseaonal variability in the PSA region can be impacted by the Madden Julian Oscillation [16] as 
well as influences from the Hadley region [13]. On the other hand, the South Pacific region is the 
primary location for Southern Hemisphere blocking (e.g., [17]) which can reflect the internal 
dynamics of the region including the association of blocking with Rossby Waves [18,19]. A trend 
toward fewer blocking events and more zonal flow was found by [17], but there is evidence that 
blocking activity has been increasing since 2000. However, [20] states that there has been no trend in 
blocking immediately upstream of South America during the winter season.  

The goal of this work is to examine upper air data in the Pacific South America sector and relate 
this to surface data in Bolivia, in particular the Altiplano region, in order to determine if there are 
relationships that can be found between surface information and the general teleconnective activity 
in the PSA region. This information can then be used to make seasonal range forecasts for the study 
area. The methodologies of [1–3] are applied to determine if significant interannual variability exists 
in the region and can relate to variability in the PSA or South Pacific Region blocking. The initial 
results suggest that interannual variability related to ENSO exists in the region for the summer 
season, and that circulation differences in the winter transition seasons may be useful indicators of 
summer conditions.  

2. Data and Methods 

2.1. Data 

The monthly surface data was available for four weather stations across the study region (Figure 1) 
were available from 1976 to 2017. The area of Bolivia is more than 1 M km2, which is about six times 
greater than that of the state of Missouri in the USA, thus, ENSO variability could be different on 
different parts of the nation. However, the four stations used are in a region called the Altiplano 
(High Plateau) Region (see Figure 1) which has an area roughly the same size as Missouri, USA. 
Additionally, the complex terrain may complicate the strength and/or coherence of any ENSO signal 
found here. The surface data provided were temperature (°C) and precipitation (mm). 

The upper air data are provided by the National Center for Environmental Prediction/National 
Center for Atmospheric Research (NCEP/NCAR) reanalyses [21,22]. They are available on a 2.5° × 
2.5° latitude/longitude grid and are available at 6-h intervals from 1948 to present. This study will 
use the 1200 UTC time period since these data include the most observations, and the heights (m), 
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temperature (K) and wind (m s−1) information will be the primary variables used here. Blocking data 
is provided by the University of Missouri blocking archive [23].  

  

Figure 1. A map of the Bolivan Altiplano region and the four weather stations used here. The insets 
show the region studied compared to the entire country. The four weather stations are; (1) 
Copacabana; (2) El Alto; (3) Patacamaya; and (4) Viacha.  

2.2. Methodology 

The methods of [1] will be applied here to examine the monthly surface records for each station. 
Probability density functions (PDF) were created for each month and then El Niño and La Niña years 
were identified using the Japanese Meteorological Agency (JMA) definition. The El Niño and La Niña 
data were tested for skewness to determine if each sample represented different probabilities for 
warm or cold conditions or wet and dry conditions in particular months/seasons. Then composites 
of the upper air data were made using the NCEP/NCAR reanalyses.  

The definition for ENSO used here is described in [6] and references therein and only a short 
description is given here. The JMA ENSO index is available through the Center for Ocean and 
Atmospheric Prediction Studies (COAPS) from 1868 to present [24]. The JMA classifies ENSO phases 
using SST within the bounded region of 4° S to 4° N, 150° W to 90° W, and defines the inception of 
an ENSO year as 1 October, and its conclusion on 30 September of the next year. This index is widely 
used in other published works (see [6] and references therein) and a list of years is given in (Table 1). 
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Also, [25] found that while the JMA index is more sensitive to La Niña events than other definitions, 
it is less sensitive than other indices to El Niño events. The definition used to identify blocking is 
found also in [6] or [17], and blocking in the eastern part (160° W–60° W) of the Pacific Domain 
defined by [17] is examined here.  

Table 1. List of ENSO years used here. The years are taken from [24].  

El Niño Neutral La Niña
1976 1977–1981 1975 
1982 1983–1985 1988 

1986–1987 1989–1990 1998–1999 
1991 1992–1996 2007 
1997 2000–2001 2010 
2002 2003–2005  
2006 2008  
2009 2011–2013  

2014–2015 2016  

3. Results 

Circulation from 2000 to 2016 and Blocking 

An initial examination of the general circulation was performed by analyzing the 500 hPa height 
fields for the years 2000–2016, which followed the years examined by [17] or a change in the phase of 
the PDO as cited above. Since this time there have been five El Niño and two La Niña events, and an 
example of their composites as well as the anomalies are shown in Figure 2. The example chosen here 
is the February composites since these are generally representative of the January–February part of 
the summer season which is close to the critical time for agricultural production. Additionally, the 
analysis of the surface data will demonstrate that these months show strong interannual variability.  

Figure 2. The composites for February following the onset of (A) El Niño years; (C) La Niña; (E) 
Neutral years since 2000; and (B,D); and (F) their differences from the 1981–2010 climatology, 
respectively. The contour intervals are (A,C,E) 60 dam, and (B,D,F) 10 dam. 
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Note that the polar front jet stream is poleward of the Bolivian Altiplano region (Figure 2a,c,e), 
but that in El Niño (Figure 2a) and La Niña years (Figure 2c), the phase difference is nearly 180° 
upstream of South America with ridging in El Niño years (Figure 2a) and troughing in La Niña 
(Figure 2c) years near 110° W. The anomaly maps (Figure 2b,d) elucidates this difference and a 
trough-ride-trough pattern is very clear for El Niño years (Figure 2b) while the opposite occurs for 
La Niña years (Figure 2d). The 200 hPa wind anomalies (Figure 3b,d) for these two phases of ENSO 
are also nearly opposite over the Eastern Pacific and South American region. Note in Figure 3b the 
enhanced westerlies along the downstream flank of the South American trough in Figure 2b, with 
slightly weaker westerlies over the Altiplano region. In Figure 3d weaker westerlies (or enhanced 
easterlies) associated with the poleward side of the positive anomaly over South America and slightly 
enhanced westerlies for the Altiplano region. The Neutral years (Figure 2e) indicate a more zonal 
pattern and the anomalies (Figure 2f) show only weak features. The 200 hPa wind anomalies for these 
years (Figure 3f) also show little structure. 

 

 

 

Figure 3. The 200 hPa wind speed anomalies (m s−1) for (A,C,E) June prior to the years used in Figure 
2; and (B,D,F) years corresponding to Figure 2. The contour intervals are 1 m s−1  

Based on local casual observations and the work of [3,5,6], an examination of the June mean 
monthly 500 hPa heights is performed here (Figure 4). The polar front jet is located approximately 
15° further equatorward as expected, meaning that the region may be impacted by cyclones and their 
attendant fronts. However, surface observation will show that this season is associated with less 
precipitation. Here years are stratified by the direction of the transition as in [3,5], or [6] (Figure 4) 
reveals that for a negative transition (in the direction of warmer SST anomalies) (Figure 4a,b) weak 
high pressure located upstream and downstream of South America, with weak low pressure over the 
mid-latitude South America. The Bolivian Altiplano region is located within an area of weak height 
anomalies, and weaker westerlies (Figure 3a) with an area of enhanced westerlies poleward of the 
region. These years included only four of the five pre-El Niño years (2002, 2006, 2009, 2014) and two 
pre-Neutral years (2008, 2011). This pattern also resembles the reverse of the summer season drought 
pattern for North America identified by [26] (and references there in) or the Asian Pacific Oscillation 
(APO) pattern in [27] (high pressure over the continent and troughs upstream and downstream).  

The positive transition years (Figure 4b,c) included both pre-La Niña years (2007, 2010) and one 
of the pre-Neutral years (2003) and this shows a distinct high pressure over the South American 
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continent implying northwesterly flow over the Altiplano region. This pattern is nearly the opposite 
that of the negative transitions (high pressure over the continent and low pressure over the adjacent 
oceans) but with a shorter wavelength. This strong anticyclonic anomaly is also associated with a 
weaker westerly/stronger easterly wind anomaly in the meridional near the Altiplano region  
(Figure 3c). While located similar to El Niño years (Figure 3a) their magnitude is nearly double which 
is consistent with the strong anticyclonic 500 hPa height anomaly. The years with no transition 
(Figure 4e,f) included five pre-Neutral years and the one year that featured consecutive El Niños 
(2015). The pattern shows anomalous high pressure over the mid latitude regions and lower pressure 
both poleward and equatorward of the region. A band of slightly weaker 200 hPa westerlies (Figure 
3e) is located along the equatorward side of the height anomaly encompassing much of central South 
America.  

Figure 4. As in Figure 2 except for the composites of all June years for (A,B) negative transitions; (C,D) 
positive transitions; and (E,F) steady state conditions.  

In order to test the robustness of the results shown in Figure 2, the February maps were 
reanalyzed using the same years as those for Figure 4. These results are shown in Figure 5 and they 
are similar overall to the results of Figure 2. The only differences are the El Niño pattern shows 
stronger ridges and a weaker East Pacific trough (Figure 5a,b) and the neutral years show more 
coherent high pressure anomalies poleward of the South American continent (Figure 5e,f).  

Figure 4 shows strong high pressure upstream of South America for all the June (winter season) 
500 hPa height maps, which is during the period when blocking maximizes in the Pacific Region 
(May, June). An examination of the Southern Hemisphere blocking (Table 2) suggests that the 
occurrence of blocking has increased substantially hemisphere-wide since 2000 while the durations 
have increased only marginally. Obviously, this also represents a substantial increase in the number 
of blocked days, but the smallest increases have occurred within the Pacific Region. The intensity of 
Southern Hemisphere blocking was virtually unchanged from 2.82 pre-2000 to 2.86 post-2000.  
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Figure 5. As in Figure 2, except for February months associated with the transitions in Figure 4. 

Table 2. Character of Southern Hemisphere blocking events per year as a function of region and 
season for all characteristics since the Wiedenmann et al. (2002) study. The change in the value is 
expressed as a percentage.  

Region Occurrence Duration
Atlantic 1.8/+81.4 6.6/+11.4 
Pacific 11.3/+43.1 8.4/+9.4 
Indian 2.5/+181.1 7.3/+9.8 
Total 15.9/+59.9 8.0/+9.6 

Separating out the East Pacific blocking only from 1970 to 2016 would show that 36% of the 
Pacific region of the total number of events over the entire domain occurred between 160° W and 60° 
W. Stratifying the results to conform to the years used by [6] and others for the PDO (Table 3) shows 
that East Pacific blocking accounted for 34% of the blocking events in positive PDO years and 37% in 
negative PDO years, a difference that is not statistically significant and consistent with the results of 
[13,20] who also found no statistically significant changes in the relative frequency of east and west 
Pacific blocking. Stratifying the results by ENSO phase only for the entire period showed that 41% of 
all Pacific region blocking events occurred in El Niño years, compared to 36% and 27% of all events 
in any other year, and this result is consistent with [20] who found a tendency for more east Pacific 
blocking during El Niño years. However, when separating ENSO phases by PDO as well 
demonstrates that in the East Pacific El Niño year blocking is a substantially larger fraction of the 
overall events. This result may partly be a result of persistent ridging in the east Pacific shown in 
Figure 2b, and when these years are included the fraction of Pacific region blocking events that are 
Eastern Pacific events is 47%. There is little difference in the duration of East Pacific blocking versus 
West Pacific blocking during any time frame. 

As stated above, the summer season (January–February) is associated with a minimum of 
blocking in the Southern Hemisphere, but since 2000 summer season occurrences have increased in 
a fashion consistent with the overall statistics shown in Table 2. The period for June (winter) is 
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associated with the maximum number of Southern Hemisphere blocking and seasonal increases 
across each region are also similar to that shownin Table 2.  

Table 3. Character of Southern Hemisphere blocking with respect to ENSO and PDO following [17].  

ENSO Phase Occurrence Duration % East Pacific Events 
Positive PDO  1977–1998   

El Niño (5) 9.0 7.0 28 
Neutral (15) 9.5 7.1 36 
La Niña (2) 6.0 6.7 45 
Total (22) 9.0 7.1 34 

Negative PDO 1970-6, 1999-p   
El Niño (8) 14.8 8.4 47 
Neutral (9) 16.0 7.8 37 
La Niña (5) 12.0 7.6 24 
Total (25) 14.3 8.0 37 

4. Discussion, Summary, and Conclusions 

The study examined the interannual variability with respect to ENSO for the East Pacific and 
South American region with a focus on the Bolivian Altiplano region. There is interest in developing 
statistical techniques for generating long-range forecasts to aid the agricultural community. The 
techniques used in [1–3] and references therein were used to identify relationships between upper air 
and surface data that can be used for developing these forecasts and eventually correlating these to 
agricultural production as in [3]. As part of the analysis Southern Hemisphere blocking, especially 
the event occurring in the Pacific region were examined. The NCEP/NCAR reanalyses were used for 
the upper air analysis, blocking data was provided by [23], and surface data provided by the 
Universidad Mayor de San Andres, La Paz, BO. Studying interannual variability for this region is not 
as straightforward due to the elevation and the location further into the Hadley region of the tropics 
than areas previously studied in [1–6] who looked at mid-latitude locales.  

The initial analyses of the upper air data began with the period 2000 to 2016 since a change in 
the phase of the PDO occurred just before these years. The 500 hPa height fields and 200 hPa wind 
fields showed strong interannual variability that is linked to ENSO for the summer season, and, as 
implied by [13] the east Pacific storm track appears to be most sensitive to interannual variability in 
this region. Indeed the composites found here bear resemblence to the EOF1-5 patterns found in [13]. 
In this respect, summer season interannual variability should be strong since ENSO peaks in the 
Southern Hemisphere summer similar to the strong ENSO signal we ind in North American weather 
for the winter season. The surface data in the Altiplano region show the most distinct variability in 
January and February.  

In the Northern Hemisphere, summer season is thought to be a time of little ENSO variability, 
however, earlier work [3–6] found distinct summer season signals to be associated with the change 
in phase of ENSO, i.e. whether the transition is toward El Niño, La Niña, or a continuation of the 
previous phase. A similar approach was used here in order to examine the June variability since the 
local agricultural community looks to this period for indications of the upcoming rainy seasons. 
When analyzing strictly by ENSO phase, such signals were diffcult to establish. However, when 
stratifying the data by negative (toward El Niño), positive (toward La Niña), and no-change, more 
promising results emerge. The La Niña winter pattern was distictly stronger than the El Niño or 
Neutral pattern.  

A possible explanation for the importance in the change of ENSO phase being important in the 
winter (summer) in the Southern (Northern) Hemisphere is the change in the surface diabatic heating 
associated with changes in ENSO phase. The work of [28] showed the impact of surface diabatic 
heating on maintaining a blocking circulation using a vorticity equation, and many have shown the 
impact of surface heating or cooling on circulation changes. Then, [29] used non-equilibrium 
thermodynamics to demonstrate the impact of a warm anomaly on enchaning the surface entropy 
production which impacts the total entropy since the diabatic term could change signs (see [30]).  
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Changes in Southern Hemisphere blocking were found from 2000–2016 showing increases in all 
basins of block occurrence and duration, but no change in intensity. These results do not agree with 
those of [13] or [20] who found no changes Southern Hemisphere blocking. However, these studied 
slightly longer time periods and our result may be capturing interannual variability associated with 
the PDO since the period 1970–1976 also showed more blocking than 1977–1998. In agreement with 
[20] this study showed more east Pacific blocking in El Niño years compared to La Niña and Neutral 
years and this was particularly pronounced in the recent period (and 1970–1976).  

Finally, the information gathered here will provide a robust statistical data base for making long 
range forecasts for the Bolivian Altiplano region.  
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