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ABSTRACT 

There has been a lot of focus on the occurrence of extreme weather events and 

their connection to climate change and variability.  Much of this previous work has been 

related to individual events rather than for mean monthly conditions.  This study 

examined the occurrence of extreme conditions in the monthly temperature and 

precipitation, and some correlations, for two geographically disparate regions of the 

Northern Hemisphere.  These regions are the central USA (cUSA), and the southwest 

region of Russia (swRUS).  For this research, an extreme temperature event was defined 

as a month that was three seasonal standard deviations from the period mean.  Since 

precipitation is not normally distributed, the three (two) wettest and driest events of every 

month were chosen for the cUSA (swRUS) region in order to provide for a data set that 

was of similar size to the temperature data set for each region.  The results demonstrate 

that in cUSA, there was preference for the occurrence of warm anomalies during periods 

of mean regional temperature increase and vice versa.  For swRUS, there was a 

preference for the occurrence of cold anomalies early in the data set, and warm anomalies 

in the later part, although this period is one of steadily increasing mean temperatures for 

the region.  There was a strong association at both locations between extreme months and 

the phase of the El Niño-Southern Oscillation (ENSO).  In both regions, cold monthly 

anomalies were associated with persistent and strong upstream blocking events.  Finally, 

two case studies are examined for the cUSA region.  
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CHAPTER 1. INTRODUCTION 

In recent years, there has been increased attention to the occurrence of extreme 

weather in the research and general community, especially within the context of climate 

change (e.g., IPCC, 2014: Topic 1.4).  However, recent research has demonstrated that 

even with an increase in global temperatures, important interannual and interdecadal 

variability can still impart a strong signal on local or regional climate (e.g., Kylyshtorin 

and Lyubushin, 2007; Swanson, 2007; Johnstone and Mantua, 2014).  Johnstone and 

Mantua (2014) show that interdecadal variability related to the Pacific Decadal 

Oscillation (PDO) contributed strongly to the climate record of the Northwest USA since 

1900.  Also, many researchers have examined the interannual and interdecadal variability 

of temperature and other variables regionally (e.g., Gershonov and Barnett, 1998; Birk et 

al 2010; Lupo et al 2012a). 

Studies of the interannual or interdecadal variability of the occurrence of extreme 

events is not new and has typically been accomplished using phenomenological events 

such as hurricanes (e.g., Zuki and Lupo, 2008a; Lupo, 2011), tornadoes (e.g., Marzban 

and Schaefer, 2001; Akyuz et al. 2004), or blocking events (e.g., Hakkinen et al. 2011; 

Lupo et al. 2012b; Mokhov et al. 2012; Abraham et al. 2012).  Many have examined the 

occurrence of extreme temperatures and how their occurrence might change in the 21st 

century (e.g., Birk et al. 2010).  Other studies have attributed the recent occurrence of 

extreme events to climate change (e.g., IPCC, 2013: Topic B.1; NAS, 2016).  However, 

very few have examined the occurrence of extreme months.  
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The goal of this thesis is to examine the occurrence of extremely warm and cold 

(wet and dry) months occurring in two continental regions: Columbia, MO (cUSA) and 

southwest Russia (swRUS).  A case study over two incredibly anomalous warm months 

in the cUSA region (December 1889 and March 2012) was conducted to examine how 

atmospheric circulation during extreme months compared to those during normal 

conditions.  This study is also unique since many papers have studied the occurrence of 

extreme cold months over North America, which have been related to Pacific Region 

ridging or blocking (e.g., Quiroz, 1984; Jensen, 2015).  To my knowledge, there is no 

comparable study for either region of extreme warm months.   

This thesis is structured across six chapters.  Chapter two will present the data and 

analysis methods used, Chapter three will examine the climatological results, and the 

interannual and interdecadal variability, and Chapter four will discuss atmospheric 

patterns of the two extreme warm months observed in the case study.  Chapter five will 

discuss how this statistical analysis correlates to other studies and the kinds of trends that 

were identified, while Chapter six provides a summary of the thesis and general 

conclusions.   

 

 

1.1 Objectives 

 With intense meteorological patterns in the cUSA and swRUS, showing a 

correlation to extreme temperature and precipitation (Swanson, 2007; Johnstone and 

Mantua, 2014), those extreme events also correlate to ENSO, PDO, and NAO variability.  

The hypothesis stands that extreme temperature and precipitation anomalies will also 
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correspond to interannual and interdecadal variability, along with persistent blocking 

patterns.  Thus, the objectives of this research are as follows: 

1. Determine if the variability of temperature and precipitation extremes, within 

the cUSA and swRUS regions, exists in relationship to ENSO, PDO and NAO 

variability. 

2. Determine what relationship that blocking events have with temperature 

anomalies. 

 

 

1.2 Statement of Thesis 

 The intent of this research is to advance of knowledge related to the occurrence of 

extreme weather months.  Specifically, this study will describe: 

1. ENSO, PDO and NAO impacts for both cUSA and swRUS regions. 

2. Blocking patterns being enhanced or suppressed in connection with 

temperature events. 

3. The implications for long-range forecasting. 
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CHAPTER 2. DATA AND METHODOLOGY 

 

2.1 Data Sources 

 The study regions include the Columbia region (cUSA), which is defined as 

central and eastern Missouri (Figure 2.1), and the Belgorod Oblast and surrounding 

regions (swRUS; Figure 2.2).  In this study, the units for surface temperature are 

uniformly converted to Celsius (Lupo et al. 2003).  Data for cUSA were obtained from 

the Missouri Climate Center (MCC) located at the University of Missouri in Columbia 

Missouri (NOAA/NCEI).  These records date back to September of 1889, providing a 

128-year data set through 2016.  The data for swRUS were surface temperature and 

precipitation data for the Belgorod Oblast obtained from the All Russia Research Institute 

of Hydrometeorological Information-World Data Centre (RIHMI-WDC http://meteo.ru/) 

from 1944 to 2016.  Birk et al. 2010 and Lebedeva et al. (2015) demonstrate that these 

data are generally representative of their regions as a whole.  

The blocking archives (http://weather.missouri.edu/gcc) at the University of 

Missouri were used to compile the character of blocking associated with extreme months, 

with records dating back to 1968 (July 1st) from present day.  Additional blocking records 

for events prior to 1968 were acquired from NOAA’s – 20th Century Reanalysis; 

particularly for the December of 1889 case study.  The Twentieth Century Reanalysis 

Project generated a six-hourly, four-dimensional global atmospheric dataset spanning 

1851-2016 to place current atmospheric circulation patterns into a historical perspective.  

This is possible from the use of a state-of-the-art data assimilation system and surface 
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Figure 2.1.  Map of Columbia in the cUSA study region.  Studies demonstrate Columbia 

records are wholly representative of entire state of Missouri (cUSA) east of the black line 

(Birk and Lebedeva).  Provided from the United States Department of Commerce 

Weather Bureau and presents the Climatological divisions from 1957 to present.   

 

 

 

 

pressure observations.  The dataset provided the first estimates of atmospheric circulation 

spanning back to 1851.  The National Centers for Environmental Prediction / National 

Center for Atmospheric Research (NCEP/NCAR) reanalysis and 20th century reanalysis 

products are gridded at 2.5o x 2.5o  resolution. The 500 mb geopotential height fields (m) 

from December of 1889 was primarily recovered, using this source.  
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Figure 2.2.  Map of swRUS Belgorod Oblast study region.  Shows the relative location 

within Russia, provided by Bradley University. 
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Table 2.1.  The temperature criterion used for each season in the cUSA and swRUS 

months. 

Season Three Seasonal σ  (cUSA oC / sw RUS oC) 

Winter – DJF 5.7 / 7.8 

Spring – MAM 3.7 / 5.6 

Summer – JJA 3.6 / 4.4 

Fall – SON 3.5 / 4.4 
 

 

2.2 Methods 

To be considered an extreme event in the cUSA and swRUS, this study specified 

that the monthly mean temperature for the region of study had to be at least three 

seasonal standard deviations (3σ) above or below that months mean, derived from the 

entire data set for that particular month.  The three standard deviation threshold was 

based on the seasonal mean in order that the sample size produced was large enough for 

statistical analysis.  The 3σ thresholds used in this study are presented in Table 2.1.  

There were 1536 total months in the cUSA and 876 in swRUS.  The three seasonal 

criterion used here gave a sample size of 96 and 45 months (6% and 5% of all) in the 

cUSA and swRUS, without obtaining so many months that the meaning of an extreme 

event would be lost but enough to conduct a statistical analysis.  Since precipitation is not 

normally distributed (Lupo et al. 2003), only the three (two) wettest and driest of each 12 

months were selected as precipitation events. This provides the study with approximately 

as many months (72 and 48 respectively) for the precipitation analysis in each region as 

there were for the temperature data. 
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Table 2.2.  Center for Ocean-Atmospheric Prediction Studies (COAPS) Japan 

Meteorological Agency El Niño Southern Oscillation Index, 1889 to present. Modes are 

El Niño (EL), La Niña (LA) and Neutral (NEU). 

El Niño Neutral La Niña 
   

1896 1890-1891 1889 
1899 1894-1895 1892-1893 
1902 1897-1898 1903 

1904-1905 1900-1901 1906 
1911 1907 1908-1910 
1913 1912 1916 
1918 1914-1915 1922 
1925 1917 1924 

1929-1930 1919-1921 1938 
1940 1923 1942 
1951 1926-1928 1944 
1957 1931-1937 1949 
1963 1939 1954-1956 
1965 1941 1964 
1969 1943 1967 
1972 1945-1948 1970-1971 
1976 1950 1973-1975 
1982 1952 1988 

1986-1987 1953 1998-1999 
1991 1958-1962 2007 
1997 1966 2010 
2002 1968 2016 
2006 1977-1981  
2009 1983-1985  

2014-2015 1989-1990  
 1992-1996  
 2000-2001  
 2003-2005  
 2008  
 2011-2013  
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Figure 2.3.  El Niño Southern Oscillation Index time series 1950 – present. Supplied from 

the NOAA Physical Sciences Division – located at the University of Colorado. 

 

 

 

 

Table 2.3.  1900 to present time index for the Pacific Decadal Oscillation. 1944 to present 

time index for the North Atlantic Oscillation. PDO modes are high (positive) and low 

(negative). NAO modes define as a positive (negative) value, representing a more 

meridional (zonal) flow over that region. 

Year Range Mode 
1900 – 1924 -PDO 
1925 – 1946 +PDO 
1947 – 1976 -PDO 
1977 – 1998 +PDO 
1999 – 2014 -PDO 

2015 – present +PDO 
1944 – 1950 +NAO 
1951 – 1973 -NAO 
1974 – 2008 + NAO 

2009 – present -NAO 



	
   	
   	
  10	
  

The definition for ENSO was based on that of the Japanese Meteorological 

Association (COAPS – JMA).  The list of years and their associated ENSO phase can be 

found at (http://coaps.fsu.edu/jma) via Table 2.2.  This definition has been used in many 

published studies (see Birk et al. 2010 and references therein).  The year(s) listed in each 

category (Cold Phase, Neutral Phase, Warm Phase) correspond to the first three months 

of the ENSO year namely October, November, and December.  For example, the ENSO 

year 1981 begins October 1st, 1981 and ends September 30th, 1982.  The rocky fluctuation 

patterns of the ENSO phases are illustrated in Figure 2.3.  The Pacific Decadal 

Oscillation is defined as a warm or cool phase based on the relative comparison of the 

predominant sea surface temperature (SST) pattern in the Western versus Eastern Pacific 

region and as defined in Birk et al. (2010).  The periods are shown in Table 2.3 and are 

defined by the Joint Institute for the Study of the Atmosphere and Ocean (JISAO).  In 

swRUS, the periods associations with the North Atlantic Oscillation (NAO) were 

examined as well (Table 2.3) and defined by the GCC (http://weather.missouri.edu/gcc).  

The NAO index is defined as a positive or negative phase and is based on the surface sea-

level pressure difference between the Subtropical (Azores) High and the Subpolar 

Icelandic Low (see NOAA definition https://ncdc.noaa.gov/teleconnections/nao/).  The 

positive (negative) phase exemplifies below (above) normal height and pressure 

observations across the high latitudes of the North Atlantic, eastern United States and 

Western Europe.   
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CHAPTER 3. STATISTICS 

 

3.1 Climatological Analysis 

 The climatological analysis found 96 and 45 extreme temperature months for 

cUSA and swRUS, respectively.  Table 3.1 shows the seasonal breakdown of the 

normalized extreme monthly temperature anomalies for cUSA and swRUS.  Overall, 

there were slightly more warm (cold) anomalies for the cUSA (swRUS), but the 

difference was minor enough, to be close to what would be expected if occurrence of 

extreme months in the 128 (73) year period were random occurrent.  These 96 events are 

listed in Table 3.4.   Comparing both regions demonstrates that in the cUSA an extremely 

warm or cold month occurred in three of every four years, but approximately six times 

during every decade in the swRUS region.  The more frequent temperature extreme 

occurrence in the cUSA is presumed to be due to geographical differences between the 

two regions, paired with the existence of the Mediterranean Jet Stream. 

 Examining individual seasons for both regions demonstrates that while the raw 

anomalies were largest in the winter months (not shown), the extreme months were more 

frequent during the transition seasons of spring and fall (Table 3.1 and Table 3.4).  There 

were some trends found throughout the warm and cool seasons in both regions.  In the 

winter season for the cUSA, cold anomalies occurred three times as often as warm 

anomalies, however, during the summer season, there was nearly double the amount of 

warm extreme months (13) than cool extreme months.  This dominance of cold (warm) 

anomalies in the cold (warm) season was particularly true for swRUS as well.  
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Table 3.1.  Results for the cUSA and swRUS.  Shown are raw counts and normalized 

monthly extreme events with respect to values in Table (T is total, W is warm, and C is 

cold).  Extreme W/C rows list the most extreme months deviation/3σ ratio by 

(month/year). 

Category Winter Spring Summer Fall Total 
cUSA 

Occurrence 20T 5W 15C 29T 16W 
13C 20T 13W 7C 27T 16W 11C 96T 50W 46C 

Percent of 
All Years 16T 4W 12C 22T 12W 

10C 16T 10W 6C 20T 11W 9C 74T 37W 37C 

Extreme W 1.6 – 12/1889 2.5 – 3/2012 1.4 – 7/1980 1.8 – 10/1963 2.5 – 3/2012 
Extreme C 1.6 – 1/1977 1.8 – 3/1906 1.3 – 8/1915 1.6 – 10/1925 1.8 – 3/1906 

      
swRUS 

Occurrence 9T 1W 8C 13T 9W 4C 7T 7W 0C 16T 5W 11C 45T 22W 23C 
Percent of 
All Years 12T 1W 11C 18T 12W 6C 10T 10W 0C 22T 7W 15C 63T 31W 32C 

Extreme W 1.0 – 2 /2002 1.1 – 3 /2007 1.5 – 8/2010 1.6 – 11/2010 1.6 – 11/2010 

Extreme C 1.4 – 1/1950 1.4 – 3/1952 N/A 1.9 – 11/1993 1.9 – 11/1993 
 

 

There was little overall temperature trends during the 128-year period (slightly 

positive, not statistically significant) in the Columbia region using the running 30-year 

means which are typically used to define climatology.  The winter season temperatures 

showed the largest increase (about 0.56 oC) while the spring showed only a slight 

increase in temperature.  Summer showed no change in temperature, while the fall season 

temperatures decreased about 0.4 oC over the period of record.  Within the swRUS 

Region, temperature increased 1.53 oC for the annual value over the 73-year period, a 

result statistically significant at 95% using an F-test.  During the winter and spring 
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seasons, the increase was more than 2 oC, while during the summer and fall seasons, the 

increase was smaller, around 0.7 oC and 1 oC, respectively.  Since the swRUS region 

showed constant increases in temperature since 1980, it is no surprise that 17 of 22 (4 of 

23) warm (cold) anomalies occurred after 1990.  The cUSA temperatures have varied 

over the 128-year period annually (not shown).  Thus, it is instructive to examine the 

occurrence of these anomalies with respect to interannual and interdecadal internal 

climate variability.  Precipitation is not examined in this section since each month/season 

produced a set number of wet and dry anomalies as per the method described in section 

2.2.   

 

 

3.2 Interannual and Interdecadal Variability 

 Occurrences stratified by ENSO phase were normalized and represented as a 

mean annual occurrence since ENSO neutral years account for a majority of the periods 

of study for both regions.  In the cUSA, there were 68 neutral years, and 31 (29) La Niña 

(El Niño events), while in swRUS, these counts were 38, and 18 (17) years, respectively.  

Table 3.2 shows the occurrences of extreme months stratified by ENSO mode in both 

regions.  Extremely warm or cold monthly temperatures in cUSA are most likely during 

the neutral and El Niño phases.  In contrast, extreme temperature months were likely to 

occur only during one in every two La Niña years, with a 4% chance of any given La 

Niña month being extreme.  The probability of extreme months during El Niño or neutral 

years is 6%.  In swRUS, the occurrence of extreme monthly temperatures was more 

likely in both La Niña and El Niño phases (about 6% probability) as opposed to neutral  
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Table 3.2.  The occurrence of extreme temperature and precipitation months stratified by 

ENSO phase and season expressed as an occurrence per year for each individual phase 

for the total numbers in Table 2.2.  These will appear as T/P in each cell. 

Phase Winter Spring Summer Fall Total 
cUSA 
El Niño 0.19 / 0.19 0.27 / 0.07 0.13 / 0.07 0.30 / 0.07 0.80 / 0.41 
Neutral 0.19 / 0.19 0.24 / 0.16 0.21 / 0.19 0.16 / 0.18 0.79 / 0.65 
La Niña 0.07 / 0.03 0.13 / 0.20 0.00 / 0.10 0.17 / 0.13 0.50 / 0.47 
      
swRUS 
El Niño 0.13 / 0.20 0.27 / 0.13 0.13 / 0.20 0.20 / 0.27 0.73 / 0.80 
Neutral 0.10 / 0.15 0.15 / 0.22 0.07 / 0.20 0.20 / 0.20 0.51 / 0.78 
La Niña 0.19 / 0.19 0.19 / 0.06 0.13 / 0.06 0.31 / 0.00 0.81 / 0.31 
 

 

 

months (about 4%).  There was some variation across seasons in swRUS in that during 

the fall season, La Niña was more likely to have an extreme temperature occurrence.  

This table also demonstrates that the transition seasons were most likely to have the 

occurrence of extreme warm or cold months in both regions.  In swRUS, the probability 

of extreme warm or cold months was similar to that of cUSA overall.  For neutral (El 

Niño) extreme months in the cUSA, there were more warm (cold) anomalies.  In the 

cUSA summer, neutral months accounted for 80% of all summer extremes, and this was 

the highest percentage amongst any of the seasons for that region.  

For precipitation in both regions, the distributions were different from the 

temperature.  In the cUSA, neutral years produced the most extreme wet or dry months, 

while in swRUS it was El Niño and neutral years producing the most extremes.  In the 

cUSA the neutral years dominated the summer and fall season, but during the winter and  
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Table 3.3.  The ratio of extreme warm to cold (wet to dry) months with respect to the 

phase of the PDO and NAO, in cUSA and swRUS, respectively.  A value greater than 1 

indicates more warm or dry months, and vice versa. 

 

 

spring shared predominance with either El Niño (winter) or La Niña (spring). For 

swRUS, La Niña years were as common as the other phases during the winter season 

only.  

An examination of the occurrence of extreme months in association with the 

positive and negative PDO phases, showed a weak tendency toward the occurrence of 

extreme warm (cold) temperature anomalies with the warm (cold) phase of the PDO in 

the cUSA (Table 3.3).  In swRUS, there was a greater tendency for extreme warm months 

during the positive NAO, representing a more meridional flow for the region as opposed 

to the negative phase that is more zonal (Table 3.3).  This may be due to the variations in 

the occurrence of blocking, and this will be investigated in the next section.  For the 

precipitation occurrences, there was an association for the occurrence of wet (dry) 

extremes during the positive (negative) phase of the PDO in the cUSA.  In the swRUS 

  Temperature Precipitation 
    

PDO+ 1.13 1.58 cUSA 

PDO- 0.93 0.63 
    

NAO+ 1.40 0.80 swRUS 

NAO- 0.62 1.33 
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region, there was only a weak, non-statistically significant variation in wet versus dry 

months during the NAO.  

 

3.3 Temperature Analysis of cUSA and swRUS 

 Table 3.4 lists the 96-cUSA events (months) and the temperature difference, 

relative to each respective year and month.  It displays how much higher of a temperature 

difference exists within the winter (December, January, February) months compared to 

the other three seasons.  With the raw anomaly shown to be the largest in the winter 

season (see in Table 2.1), Table 3.4 also illustrates the higher rate of the larger magnitude 

and more frequent, normalized anomalies that were observed in the transitional (fall and 

spring) seasons.  The spring (March, April, May) months experienced 29 events, and the 

fall (September, October, November) months endured 27 temperature events.  That 

tallied to 58 percent (56/96) of the total anomalies observed.  Summer, and the winter 

months were the least frequent occurred temperature anomaly seasons, composing of 42 

percent (40/96) of all accounted anomalies.  This pattern was also notable in the swRUS 

region. 

 The 45 temperature anomalies (months) that occurred in swRUS are similarly 

summarized in Table 3.5.  Warm (cold) anomalies dominated the warm (cool) seasons; as 

all seven observed summer months (June, July, August) were warm events, while only 

one of winters nine events were warm (February 2002).  Compared to Table 3.4, there 

were significantly less anomalous months throughout the swRUS region than in cUSA, 

relative to each regions respective sample size.  As alluded in Chapter 3.1, this is 

presumed to be due to regional and geographical differences within the North  
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Table 3.4.  The 96 central USA (cUSA) temperature anomaly events listed in 

chronological order per month from September 1889 to December 2016.  Temperature 

deviations from monthly mean listed next to events, in degrees Celsius (°C). 

 

Jan. Feb. Mar. April May June July Aug. Sept. Oct. Nov. Dec. 

1912 

(-6.7) 

1899 

(-7.4) 

1890 

(-3.7) 

1896 

(+4.8) 

1896 

(+3.8) 

1903 

(-3.8) 

1901 

(+4.1) 

1913 

(+3.6) 

1897 

(+3.9) 

1897 

(+3.7) 

1902 

(+3.6) 

1889 

(+8.9) 

1918 

(-7.9) 

1902 

(-6.1) 

1906 

(-6.5) 

1904 

(-3.9) 

1924 

(-3.8) 

1928 

(-3.8) 

1934 

(+4.9) 

1915 

(-4.6) 

1918 

(-4.1) 

1917 

(-4.9) 

1909 

(+4.7) 

1909 

(-5.8) 

1933 

(+7.0) 

1905 

(-7.6) 

1907 

(+4.5) 

1907 

(-4.3) 

1962 

(+4.7) 

1934 

(+3.8) 

1936 

(+4.9) 

1927 

(-3.6) 

1931 

(+3.6) 

1925 

(-5.7) 

1911 

(-3.5) 

1931 

(+5.7) 

1940 

(-8.7) 

1930 

(+6.2) 

1910 

(+6.8) 

1915 

(+3.9) 
 

1952 

(+3.9) 

1954 

(+4.2) 

1936 

(+4.8) 

1939 

(+3.8) 

1938 

(+4.3) 

1913 

(+4.2) 

1963 

(-6.2) 

1977 

(-8.8) 

1936 

(-6.5) 

1912 

(-5.6) 

1926 

(-3.7) 
 

1953 

(+3.8) 

1980 

(+5.1) 

1947 

(+4.8) 

1974 

(-4.7) 

1947 

(+4.9) 

1931 

(+4.8) 

1983 

(-8.7) 

1979 

(-7.6) 

1978 

(-6.4) 

1915 

(-4.7) 

1955 

(+3.9) 
  

2012 

(+4.2) 

1950 

(-3.6) 

1998 

(+4.9) 

1956 

(+3.8) 

1950 

(-3.8) 

1989 

(-6.5) 

2006 

(+6.4) 
 

1918 

(+4.1) 

1983 

(-3.8) 
   

1992 

(-3.4) 
 

1963 

(+6.3) 

1959 

(-3.8) 

2000 

(-7.4) 

  
1921 

(+4.7) 
    

2004 

(-3.5) 
 

1976 

(-4.2) 

1976 

(-5.2) 
 

  
1935 

(+3.7) 
    

2007 

(+3.6) 
 

1988 

(-3.6) 

2001 

(+3.7) 
 

  
1938 

(+5.2) 
      

2009 

(-3.7) 

2015 

(+4.2) 
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1945 

(+4.9) 
       

2016 

(+3.7) 
 

  
1946 

(+6.9) 
         

  
1947 

(-3.9) 
         

  
1960 

(-8.2) 
         

  
1965 

(-5.9) 
         

  
1984 

(-3.8) 
         

  
2007 

(+5.2) 
         

  
2012 

(+9.0) 
         

  
2016 

(+4.4) 
         

Ensemble Monthly Averages (°C) 

-1.4 0.6 6.4 12.8 18.0 23.0 25.4 24.7 20.4 14.1 6.7 0.7 

 

 

 

Hemisphere, along with the location and effects of the Mediterranean Jet Stream.  Table 

3.5 also illustrates the anomalous rising temperatures that have been observed across the 

region, and the lack of cool temperature occurrences is assuredly a reflection of that.  
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Table 3.5.  The 45 southwest RUS (swRUS) temperature anomaly events listed in 

chronological order per month from January 1944 to December 2016.  Temperature 

deviation from monthly mean listed next to events, in degrees Celsius (°C).   

 

Jan. Feb. Mar. April May June July Aug. Sept. Oct. Nov. Dec. 

1950 

(-10.12) 

1954 

(?) 

1952 

(-7.81) 

1975 

(+5.09) 

2013 

(+5.26) 

 1999 

(+3.95) 

1946 

(+4.26) 

1966 

(-3.54) 

1946 

(-5.12) 

1953 

(-4.60) 

2002 

(-6.58) 

1954 

(-8.52) 

1956 

(-11.74) 

1963 

(-6.21) 

1987 

(-5.01) 

  2001 

(+4.35) 

1972 

(+4.66) 

1969 

(-3.44) 

1974 

(+4.18) 

1956 

(-5.30) 

 

1963 

(-8.82) 

2002 

(+8.06) 

1987 

(-6.51) 

2012 

(+5.19) 

  2002 

(+3.75) 

2010 

(+6.46) 

1973 

(-3.84) 

1976 

(-4.92) 

1959 

(-4.50) 

 

1972 

(-7.92) 

 1989 

(+5.69) 

   2010 

(+5.45) 

 1993 

(-3.54) 

 1993 

(-8.40) 

 

1987 

(-8.32) 

 1990 

(+5.69) 

     1994 

(+5.16) 

 1996 

(+4.40) 

 

  2002 

(+5.69) 

       1998 

(-5.60) 

 

  2007 

(+5.99) 

       2010 

(+7.10) 

 

  2008 

(+5.89) 

       2013 

(+4.80) 

 

  2014 

(+5.79) 

         

Ensemble Monthly Averages (°C) 

-7.42 -6.97 -1.75 7.65 14.65 18.33 19.87 18.88 13.09 6.29 -0.182 -4.76 
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CHAPTER 4. DECEMBER 1889 AND MARCH 2012 CASE STUDIES 

 

4.1 Conditions over North America 

 Here two case studies of extremely warm events from the central USA are 

examined as researchers have long associated ridging and blocking with cold periods 

(e.g., Quiroz, 1984; Jensen, 2015).  Also, Lupo et al. (2012b) studied the summer of 2010 

drought that impacted western Russia, including the Belgorod region, which was due to 

strong and persistent blocking.  Studying warm extremes in the cUSA has not been 

performed recently, although anomalous summer season warmth was studied previously 

(Namias, 1982, 1983; Lupo and Bosart, 1999).  The former studies attributed anomalous 

summer season warmth to enhanced ridging, while the latter study examined precursors 

to the 1980 drought. However, none of these studies looked into the Pacific region flow 

regimes however.  

 During December 1889, the mean temperature was 9.6 oC in the cUSA, and this 

was 8.9 oC above the December mean and the second highest anomaly overall for the 

entire period of record (Table 3.1).  For the month of March 2012, the comparative 

numbers were 15.4 oC and 9.0 oC above the March averages.  This represents the largest 

months anomaly of the cUSA.  Table 3.1 demonstrates that these two months were 1.6 

and 2.5 times the three seasonal standard deviations above their respective seasonal 

averages.  A surface map (Figure 4.3) demonstrates that the anomalous warmth of both 

months occurred throughout most of the conterminous USA, east of the Rocky 

Mountains, and in the case of 2012 temperature anomalies of 3 – 6 oC or greater were 

even observed in upstate NY and New England (National Climatic Data Center).  Figure  
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Figure 4.1.  The observed temperature (blue) for December 1889 and March 2012 in the 

Columbia (cUSA) (oC) compared to the mean (red) for Missouri. 

 

 

 

 

4.1 illustrates how high of a temperature difference in Celsius exists between the two 

months and their respective months average (both about 9 degrees). 

 The monthly precipitation for both case study months was wetter than normal for 

March of 2012, but drier for December 1889 (Figure 4.2), which is at least partially a 

function of the anomalous warmth.  However, in spite of the anomalous warmth, neither 

of these months was among the wettest/driest on record.  While it would be difficult to 

calculate the evaporation potential for each month, especially for December 1889, 

comparing each month to a month in the year with a mean temperature similar to that 

observed for both cases would demonstrate  
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Figure 4.2.  The observed precipitation (grey) for December 1889 and March 2012 in the 

cUSA mm compared to the mean (black) for Missouri.  

 

 

 

that the precipitation would be near normal for March 2012 (comparing to April and 

May), and drier than normal for December 1889 (comparing to October and November).  

December of 1889’s precipitation total deviates notably less from the mean than in March 

of 2012, though this showed to be insignificant to this case study, as March marks the 

beginning of the wetter, higher variance Spring season in the Midwest. 

 Additionally, antecedent conditions did not provide strong indication that these 

extreme warm months would occur following them.  The temperature data for the three 

preceding months would indicate that while it was warmer than normal before March 

2012, it was cooler than normal before December 1889.  Also, the three prior months 

featured above normal precipitation.  
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Figure 4.3.  The surface temperature anomaly maps for A) December 1889, and B) 

March 2012.  The units shown are (oC).  Generated by the NOAA/ESRL Physical 

Sciences Division.  

 A) 

   

 B) 
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Figure 4.4.  The mean 500 mb Geopotential Height (DAM) Maps for A) December 1889, 

and B) March 2012.  The contour interval is 50 meters (m).  Map generated by the 

NOAA/ESRL Physical Sciences Division. 

 A) 

  

 B) 
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Figure 4.5.  The 500 mb mean Geopotential Height (m) Anomalies for A) December 

1889, and B) March 2012.  The contour interval is 30 meters (m).  Map generated by the 

NOAA/ESRL Physical Sciences Division. 

 A) 

  

 B) 
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4.2 Atmospheric Blocking 

Figure 4.4 illustrates the mean 500 mb geopotential heights for North America 

during the two case study months.  The two patterns are quite similar showing ridging 

over the east central USA, but weak troughing along the southern part of the West Coast.  

The 500 mb 

ridging is just a little farther east in the March 2012 case than in the December of 1889 

event, as shown by looking at the anomaly chart in Figure 4.5.  The anomalies in Figures 

4.3 (500 mb) and 4.5 (surface) are remarkably similar in magnitude and coverage as well.  

The two figures demonstrated a flow regime similar across the Midwest USA, suggesting 

persistent warm air advection from the southwest may have contributed to the higher than 

average temperatures seen throughout the months.   

 During the extreme warm months, there was anomalous ridging over North 

America, while it is well known (e.g., Quiroz, 1984; Lupo et al. 2008b) that anomalously 

cold months are associated with atmospheric blocking over the Pacific Ocean Basin, as 

stated earlier.  Examining the occurrence of blocking for the warm December 1889 and 

March 2012 months, demonstrated there was no blocking in the Pacific Region Basin.  In 

March 2012, a very strong zonal pattern dominated the Northern Hemisphere (positive 

Arctic Oscillation - AO).  However, just as found for the precursor surface records, there 

was no indication that there was more or less blocking than usual in the three months 

prior (Winter 2011-2012) over the Pacific Region.  The only similarity in the precursor 

conditions was that both years were characterized as La Niña (December 1889) or cold 

neutral (March 2012) (see http://coaps.fsu.edu).  
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 Additionally, there have been eleven anomalously warm extremes in the cUSA 

since July 1968 and during only three of these months did blocking occur over the Pacific 

Ocean Basin (one event – see GCC).  In contrast during extreme cold months (16), 

blocking occurred during 10 of these months (14 events).  These blocking events 

persisted for an average of 7.6 days, and their intensity was classified as typical for the 

winter season (3.50) using the Block Intensity (BI) of Wiedenmann et al. (2002).  In 

swRUS, during the same time period there were 10 extremely cold months and all of 

these were associated with blocking in the Atlantic sector upstream (15 events).  The 

blocking events persisted for 11.2 days and were associated with a mean BI of 3.78.  

There were 22 extreme warm months in the swRUS region, and 21 of them were 

associated with blocking (32 events total) either over the region or downstream.  These 

events persisted for 9.2 days with a BI of 2.76.  While the values are typical for the 

primary season in which blocking occurred, the cold extremes were associated with 

longer-lived and stronger blocking events.  
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CHAPTER 5. DISCUSSION 

 

5.1 ENSO Phase Patterns 

 One factor closely analyzed to the extreme temperature anomalies of the cUSA 

region was the events respective ENSO phase classification.  Figure 2.3 illustrates the 

fluctuation pattern the ENSO phases follow and that El Niño and La Niña seasons both 

are prone to experience stronger or weaker phases through the fluctuation process.  Most 

intriguing was the El Niño and Neutral ENSO phases composing a significantly higher 

occurrence rate of anomalous temperature events than the La Niña seasons as charted in 

Table 3.2.  This pattern suggests that the cUSA is most likely to experience such events 

when an El Niño season is transitioning to a La Niña, contrary to a La Niña season 

transitioning to an El Niño phase.  For instance, there has never been an observed 

anomalous summer month during the La Niña season, and this is surely attributed to the 

moderate seasons that tend to accompany a La Niña to El Niño transition season 

(Newberry et al. 2016).  This was the situation during both the case studies, as a strong El 

Niño season transitioned to a weak La Niña phase.  It resulted in two of the most severe 

temperature cases observed, and is notable that this trend has sparked those warm events 

to occur.  This ENSO transition trend is furthermore recognized by the Newberry et al. 

2016 analysis of the spring-to-summer transition.  It is concluded that summers 

temperatures are prone to a later onset during La Niña to El Niño, transitioning years, 

than for that from El Niño to La Niña years (Newberry et al. 2016). 

 Notable is how anomalous cool events have mostly occurred in similar 

transitioning years, though it was often a weak El Niño shifting to a strong La Niña, 
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making for much circumstantial differences.  Table 3.2 concisely projects the probability 

of an anomalous season (months) per respective ENSO phase and it is clear how the 

associated-transitioning upper air patterns across the cUSA are reflective upon surface 

observation.  The frequency rates of temperature anomalies through the El Niño and 

Neutral ENSO phases directly relate to the spring/fall transitioning seasons.   

Blocking in the Pacific region tended to result from meridional flowing La Niña 

seasons.  With a piling ridge developed over the Eastern Pacific from the blocking, 

persistent cool temperatures flow across the cUSA region.  A trough would develop 

southeast of Missouri, taking in the cooler air temperatures and complete the meridional 

flow pattern observed.  Upstream blocking conditions were enhanced during the La Niña 

season, which correlated to some extreme cool events.  In contrast, blocking conditions 

were suppressed during the EL Niño season, which enabled the zonal flow to persist 

through such phases.  These circumstances were favorable for anomalously warm events 

in the cUSA, especially during strong El Niño seasons.   

 There showed to be little to no association between precipitation (wet/dry) events 

and their respective ENSO years.  Through the cUSA region, Neutral-ENSO years 

produced the most extreme precipitation months.  A higher occurrence of such months 

was seen in the La Niña years over its El Niño counterpart by a slim margin, however the 

spread is insignificant in size (.47 to .41, respectively). 

 

5.2 Blocking Phenomena 

 This study examined blocking events and analyzed their sizes and seasonal and 

interannual variability.  Events were retrieved from the University of Missouri-Columbia 
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blocking database and defined as blocking events using the definition of Lupo and Smith 

(1995).  Upon retrieval, the found anomalous months were analyzed.  Blocking events 

averaged per year have substantially risen to 33 from what used to be 21 to 27 events 

found in previous studies (Abraham et al. 2012).  The growing number of blocking events 

coincides to the global mean temperature over land and water increasing, according to the 

National Oceanic and Atmospheric Administration.  Abraham’s study supports earlier 

research that predicted the annual number of blocks would increase with a rising global 

temperature.  This pattern was observed in both regions, with temperatures shown to 

steadily rise through the two study periods (more substantially in the swRUS region).   

 Though blocking may not be as widely known as other meteorological 

phenomena, its effects can stretch a wide distance.  Blocking has recently led to 

significant heat waves, droughts, and even flooding (Lupo et al. 2012).  The trigger 

mechanism and termination of blocking events are not well understood and long-range 

forecasters lack the ability to accurately predict when a blocking event will form, let 

alone its duration, strength and exact location.  This applies to blocking occurrence of all 

regions (Pacific, Atlantic, Continental), be it in the cUSA or the swRUS.  In this study, 

the Pacific blocking or lack thereof was the most prominent occurring factor in relation to 

a cool or warm temperature events in the cUSA region.  Despite its unpredictability, 

blocking was a worthy inclusion to this research study.   

 

5.3 Trending Warm Events 

 As stated in Chapter 3.1, it is reasonable to consider that increasing temperatures 

across both regions are spawning more warm events and diminishing cool events.  In 
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swRUS, 18 of the last 22 temperature anomalies have been warm since 1988.  This 

comes as much less of a surprise than for the cUSA region, for steadily rising 

temperatures has been an observed trend for nearly 30 years across Russia.  The cUSA 

may be making a similar transition, albeit much earlier in the developmental stages of 

transition.  A cool anomaly has not been observed since October of 2009 and dating back 

to 2001, nine of the last 11 events have been associated with extreme warm conditions.  

This brought the tally of 96 total temperature events to a 50-46 warm occurrence edge.  

While it is a slim margin for both regions, when the entire sample sizes are taken into 

consideration, it is these recent trends that suggest a slate of more warm seasons (and 

anomalies) are to come.  This could mostly be the case when meteorological 

circumstances (ENSO phase, interdecadal variability, blocking patterns, etc.) are 

favorable, as elaborated upon through Chapter 3 and case studied in Chapter 4.   
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CHAPTER 6. CONCLUSIONS 

 

A study of the occurrence of extremely warm, cold, wet, and dry months for 

extended time series of temperature and precipitation data for the Columbia (in cUSA) 

and swRUS study regions was conducted.  The results showed that in both regions there 

was no general tendency toward the occurrence of warm versus cold anomalies when 

taking the entire time index into account, beyond what would be expected randomly.  

While the strongest raw temperature anomalies occurred during the winter months, the 

strongest normalized anomalies occurred during the transition seasons in both regions.  

Additionally, there were no long-term trends in the preference of warm or cold anomalies 

with time in the study region, but for swRUS warm (cold) anomalies occurred 

preferentially after (before) 1990.  Both results are consistent with the strength of long-

term temperature trends.  

The long-term variability showed significant interdecadal variability in 

temperature or precipitation, except for that associated precipitation and the PDO in the 

cUSA.  With respect to ENSO, there was a tendency toward the more frequent 

occurrence of extreme temperature anomalies during El Niño and neutral years in the 

cUSA, but during El Niño and La Niña in swRUS.  For precipitation, neutral years 

(neutral and El Niño) were far more likely to feature precipitation extremes.   

Examining the case studies demonstrated anomalous ridging over much of the 

eastern USA, while there was no Pacific Region blocking during either month.  Both 

anomalies were of similar magnitude and extent.  Neither warm anomaly was 

accompanied by a consistent precursor signal three months in advance.  In examining the 
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association of extremes with upstream blocking, during extremely warm (cold) months, 

the occurrence of blocking is suppressed (enhanced) in the cUSA.  These blocking events 

were typical of the region in terms of persistence and intensity.  In swRUS, there were 32 

extremely warm or cold months since 1968, and nearly every one of these were 

associated with blocking.  In the case of cold (warm) months, blocking occurred 

upstream (over or downstream) of the region.  
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APPENDIX 

 

 The following figures represent a time series of 20 cUSA temperature events, 

charted by the NOAA’s Earth System Research Laboratory (ESRL) division.  The 

temporal coverage ranges from January 1st, 1979 to June 30th, 2016.  This was achieved 

through the archived NCEP/NARR (North American Regional Reanalysis) pressure level 

files.  The charts are 500 mb, geopotential monthly height averages, per each respective 

anomaly (month) following the methodology discussed in section 2.2.  The Python 

Program coding language provided the height chart illustrations.   
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Figure A.1. January 1979 (-7.6 °C) 500 mb averaged chart. A strong meridional flow 
present through the cUSA area, with a digging trough from the North. 
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Figure A.2. July 1980 (+5.1 °C) 500 mb averaged chart.  Heights rose extremely high 
across Tornado Alley, strongly effecting cUSA region.  Persistent zonal flow observed. 
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Figure A.3. April 1983 (-3.8 °C) 500 mb averaged chart. Very polarizing illustration, 
showing very zonal in the Southern half and meridional in the North. The Central USA 
region just catches the cooler Northwestern flow. 

 

 

 

 



	
   	
   	
  38	
  

 
 
Figure A.4. December 1983 (-8.7 °C) 500 mb averaged chart. A trough is present across 
the entire USA. Definitely contributed to cooler temperatures and flowing pressure 
systems across cUSA.   
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Figure A.5. March 1984 (-3.8 °C) 500 mb averaged chart.  A piling ridge over the Pacific 
Coast and prominent trough throughout the Southern states give the cUSA a consistent 
Northwesterly flow throughout the month. 
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Figure A.6. October 1988 (-3.6 °C) 500 mb averaged chart. A consistent piling ridge and 
digging trough contribute to a meridional flow pattern across the cUSA, dropping 
temperatures. 
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Figure A.7. December 1989 (-6.5 °C) 500 mb averaged chart. A much stronger 
ridge/trough pairing across the USA no doubt contributes to a much more frigid 
December.   
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Figure A.8. August 1992 (-3.4 °C) 500 mb averaged chart. Higher heights observed 
alongside a meridional flow pattern observed across cUSA region. 
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Figure A.9. September 1998 (+4.9 °C) 500 mb averaged chart. High heights and 
persistent zonal flow observed across cUSA region, with a piling ridge sitting over 
Nebraska.   
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Figure A.10. December 2000 (-7.4 °C) 500 mb averaged chart. A strong digging trough is 
located through Missouri and Kentucky, resulting in a definitive meridional flow within 
the cUSA, and a large spread in height values. 

 

 

 

 

 



	
   	
   	
  45	
  

 
 
Figure A.11. November 2001 (+3.7 °C) 500 mb averaged chart. An overall zonal flow 
with no cooler airflow from the North leads to an anomalously warm Nov. in the cUSA 
region. 
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Figure A.12. August 2004 (-3.5 °C) 500 mb averaged chart. This is nearly identical to 
what is observed in Figure A.8. where higher heights are observed across the cUSA but a 
slight meridional flow pattern lead to a cooler August.   
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Figure A.13. January 2006 (+6.4 °C) 500 mb averaged chart. Very warm January month 
for the cUSA, due to a consistent zonal flow pattern and lack of Northern systems. 
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Figure A.14. March 2007 (+5.2 °C) 500 mb averaged chart. Persistent zonal flow across 
the nation leads to an abrupt end of winter throughout the cUSA region. 

 

 

 

 

 



	
   	
   	
  49	
  

 
 

Figure A.15. August 2007 (+3.6 °C) 500 mb averaged chart. A high sustained height 
value across the cUSA for the month August and zonal flow patterns result to a extended 
summer. 
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Figure A.16. October 2009 (-3.7 °C) 500 mb averaged chart. A meridional flow spreads 
across the nation with a ridge over the Pacific and a trough in Colorado, leading to a 
lower temperature flow throughout the cUSA. 
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Figure A.17. March 2012 (+9.0 °C) 500 mb averaged chart. As elaborated upon in 
Chapter 4 and Figure 4.4B, this is the hottest March on record due to a strong anomalous 
Westerly flow and higher height values.   
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Figure A.18. July 2012 (+4.2 °C) 500 mb averaged chart. A more severe case then Figure 
A.2., as this summer month set blazing records for not only the cUSA region, but across 
the entire nation. The country was locked underneath an absurdly high zonal flow region.  
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Figure A.19. November 2015 (+4.2 °C) 500 mb averaged chart. A digging trough that 
formed along the Californian Coast made way for a smooth zonal airflow to affect the 
cUSA region most of the month. 
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Figure A.20. March 2016 (+4.4 °C) 500 mb averaged chart. The most recent warm 
March, the cUSA was locked under a mild zonal flow, raising temperatures throughout 
the month. 
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