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ABSTRACT: 

Extreme temperature events (ETEs) pose a significant risk to society, especially vulnerable populations 

with limited access to shelter and water and those with pre-existing respiratory and cardiovascular 

ailments. This research examines the relationship of atmospheric circulation with a myriad of metrics 

related to ETEs to better understand which synoptic-scale circulations are likely to have negative 

health/thermal comfort outcomes. Daily sea-level pressure (SLP) and 500-hPa geopotential height (z500) 

data from the North American Regional Reanalysis (NARR) were used to identify circulation patterns 

over North America. Self-organizing maps were used to partition the variability in circulation patterns 

over 5 distinct domains covering North America for both variables. Daily 2-m temperature, 2-m 

dewpoint temperature, and 10-m wind data from the NARR were used to derive five major categories of 

ETEs based on 95th percentiles: temperature events, apparent temperature events, dew point events, 

and excess heat and excess cold temperature events. The relationship of circulation pattern frequencies 

(SOM nodes) leading up to ETEs were assessed using point biserial correlations, accounting for spatial 

and temporal autocorrelation. The results show that z500 has a stronger association with ETEs than 

does SLP. A great deal of spatial variability exists in the strength of relationship for many ETE variables 

with circulation patterns likely due to the local geographical influence (e.g. leeside mountain adiabatic 

warming and low-level maritime flow). Generally, high extremes are associated with broad ridging and 

anticyclonic flow and cold extremes are associated with high amplitude trough patterns with low-level 

flow originating from the continental interior. The use of self-organizing maps presents a unique way of 

examining the potential for human health risks related ETEs and may be an effective method for 

statistically downscaling climate model data to assess the potential for ETEs in the future. 

This article has been accepted for publication and undergone full peer review but has 
not been through the copyediting, typesetting, pagination and proofreading process 
which may lead to differences between this version and the Version of Record. Please 
cite this article as doi: 10.1002/joc.6610 

This article is protected by copyright. All rights reserved.

mailto:radams32@kent.edu


 

A
cc

ep
te

d 
A

rti
cl

e
KEYWORDS: synoptic, atmosphere,  extreme weather,  humidity, temperature, health  

Grant: NOAA Climate  Program Office, award number NA17OAR4310159 

 

1.  Introduction  

Studies on  extreme temperature events (ETEs) and their impacts have been increasing  steadily, 

especially within  the context  of climate change. Many societal sectors are impacted by ETEs, most  

notable  are the impacts on human health.  While many studies have investigated the human health 

response to ETEs, there are  limitations to this work. First, given the lack of a consensus on a definition  of 

an ETE (e.g., Perkins and Alexander, 2013; Robinson, 2001), many studies are not directly  comparable, 

especially since ETEs at  a location  must be defined by both the duration and the intensity. Second, heat 

events are studied  more than cold  events (Allen and Sheridan, 2013). While it is  well established that 

heat events are likely to be more critical in  terms of impacts moving forward (e.g., Hajat et al., 2014), 

cold events can also have significant impacts on human health (Lee, 2015).  

Of importance in ETE impact research is the topic of human thermal comfort –  “a condition of 

mind that expresses satisfaction  with the thermal environment” (Gosling et al., 2014). While this 

concept is intuitive on  the surface, human thermal comfort is in fact quite complex, as it is impacted not 

only by temperature, but also by dew point (Andersen  et al., 2012), wind  speed  (Steadman et al., 1984),  

and multivariate surface weather ‘situations’ (Sheridan et al., 2012a, 2012b; Lee, 2015; Urban  and  

Kysely, 2015;  Pena et al., 2015), among other variables. Further, one’s thermal comfort is not only 

impacted by the immediate weather conditions but can be a result of prolonged exposure to  oppressive  

conditions (Lee  et al., 2016; Turner et  al., 2013), and is also relative to an individual’s acclimatization  

(Donaldson et al., 2003;  McMichael et al., 2008).  

In addition to thermal comfort, extreme heat events can exacerbate existing cardiovascular, 

renal and respiratory diseases, leading to  mortality  (Gronlund et al.  2016). In  many parts of the world, 

extreme heat is compounded by the influence of high dew points. Given the non-linear relationship  

between dew point and apparent temperature (Steadman  1984), understanding  the underlying causal 

mechanisms of extreme dew point values is also important. From a climate change perspective, 

increases in atmospheric precipitable water (e.g. Durre et al., 2009) and mean dew point (e.g. Brown 
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and DeGaetano, 2013) have been  observed. Furthermore, many  of the warmest years on record have 

occurred in the past decade. These events make such  heat  impact studies a relevant area of research.   

 Exposure to extreme cold has similar effects on human health and thermal comfort. While 

extreme cold events are largely decreasing in frequency  over time, they still occur and  present a major  

hazard to human health.  The late January 2019  extreme cold  outbreak in North America is a  recent 

example that proved fatal to some, shattering  many  low temperature  records (Glenza 2019). Extreme  

cold affects  human thermal comfort and sometimes leads to increased  mortality (e.g. Allen and Lee, 

2014), though typically in a more delayed manner in the developed world (Anderson and Bell, 2009),  

through respiratory ailments, among  other causes. Acute-exposure hypothermia is a factor as well (Lim  

and Duflou, 2008, Spencer  and Sheridan, 2015), likely  more so in the developing  world (e.g., Hashizume  

et al., 2009). While extreme cold can affect  sectors such as agriculture (Aggarwal, 2008), energy  (Leahy  

and Foley, 2012), and infrastructure (Guirguis et al., 2011), the impacts on humans remain the center of 

attention in many  extreme temperature  event studies.   

 Past studies have shown the relationship  between extreme heat and sea-level pressure 

anomalies. High pressure anomalies and flow inhibiting maritime influence are characteristic of dry heat  

events (Loikith and Broccoli 2013; Horton et al.  2016),  while high-pressure anomalies, maritime flow, 

and positive precipitable water anomalies are characteristic of humid heat events (Tomczyk and  

Bendnorz 2016). Furthermore, synoptic conditions (e.g. SLP patterns and low-level winds over high  

terrain) can lead to leeward mountain side enhancement of extreme heat by  way of adiabatic warming  

(Lau and Nath 2012;  Lee and Grotjahn  2015; Grotjahn  et al. 2016).  

Contrastingly, extreme cold is fostered by negative sea-level pressure  and upper tropospheric 

geopotential height anomalies and  typically exacerbated when surface winds originate from continental 

interiors  (Tomczyk  et al. 2019). The proposed association between Arctic sea-ice loss and  extreme cold  

events in the Northern Hemisphere mid-latitudes (Francis and Skific, 2015) suggests that extreme cold  

events, with their link to anomalous atmospheric blocking patterns (Räisänen and  Ylhaisi, 2011) may  

continue to occur well into  the future, despite an overall decline in frequency (Collins et al., 2013);  thus, 

human health risks related  to  extreme cold remains a concern, especially among  those with preexisting  

respiratory and  cardiovascular ailments.  

In the context  of health impacts studies, deriving the link between  ETEs and atmospheric 

circulation patterns is useful as the results can increase our understanding of atmospheric regimes 
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associated  with various human health risks. Defining this link is especially important for impact 

assessments of future climates  because it can  inform  our projection and understanding of future 

extreme temperature events. M odeling efforts and teleconnection studies have  also helped advance our 

understanding of extreme temperature events and  the principal  climate patterns associated  with them,  

such as with wintertime temperature extremes in response to  the phases of the  North Atlantic 

Oscillation and the Pacific North American  pattern teleconnections (Ning and Bradley  2015;   2016). Such 

efforts  can help increase confidence in  our understanding of future circulation patterns which will  

continue  affecting  human thermal comfort and  well-being.  

The objective of this research is to examine the relationship between atmospheric circulation  

and  several  metrics related to  human  thermal comfort. There are many definitions of ETEs  in the 

literature  and each  can be used to study different  aspects of thermal comfort;  this paper compiles a 

number  of ETE metrics (borrowed and adapted fr om previous literature) to carry  out a comprehensive  

correlation  assessment of each, with two  common atmospheric circulation  variables. To do  so, this 

paper calculates extreme temperature event metrics for North America (extreme temperatures,  

extreme dew points, extreme apparent temperatures, excess heat factor, and excess cold factor) and  

the circulation patterns that are associated with these  events. Section  two will discuss the data and  

methods, including the formulation of each  metric and atmospheric circulation patterns, and the 

procedures for investigating the relationship between the two. Section three  will discuss a few key  

results of the extreme weather indicator and circulation  pattern relationships. Lastly, section four will  

conclude with takeaway points, implications, and directions for future research.  

2.   Data and Methods  

a.  Reanalysis data  

Data from the North American Regional Reanalysis (NARR; Mesinger et al. 2006) were used to  

identify both the ETEs and  circulation patterns over  North America. The NARR dataset assimilates data 

from observations of temperature, moisture, winds and pressure from radiosondes, dropsondes, surface  

stations, and aircraft. The  NARR data has a horizontal resolution  of approximately 32-km  at the equator, 

which changes with latitude. Daily  mean values of sea-level pressure (SLP), 500-hPa geopotential height 

(z500), 2-m temperature, 2-m dewpoint, and 10-m winds were retrieved for 5 overlapping regions of 

North America (Figure 1) for the years 1979 to  2016.  The size of these regions was chosen to be slightly  

larger than typical synoptic-scale features. Five regions were needed, with some overlap, to completely  
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cover North America. The  regions were  chosen  based  on similar synoptic  variability, which  decreases  

closer to the tropics; as such,  the Gulf domain has a smaller latitudinal extent since variability increases 

drastically northward into the middle latitudes.  

b.  Extreme temperature events  

Five major categories of ETEs are defined: temperature events,  apparent temperature events, 

dew point events, and excess heat and excess cold  temperature events. The first three of these were 

further broken down into  multiple different ETEs, first between high (>95th percentile) and low (<5th 

percentile) events, and then also further subdivided into absolute events (with percentiles based upon  

the entire time series), and deseasonalized events (where percentiles are based upon a seasonally-

relative curve of the 95th and 5th percentiles). Seasonally-relative curves of each variable were 

computed by setting each  day in a month equal to  the monthly  mean, and  then taking a 31-day  

centered moving average of this step-like  time series, thus smoothing out the discontinuities and  

representing  the extreme ends of each  metric relative to  the season.  Dew point events, in addition  to  

the above-mentioned subdivisions, were also broken down into three different absolute  threshold high-

humidity  events, based upon days with dew points greater than 20°C, 22.5°C or 25°C.  The fourth and  

fifth categories are based upon 2m temperatures, and  defined using the methods originally described by  

Nairn and Fawcett (2014) for heat days/events [excess heat factor –  EHF] and modified by Sheridan and  

Lee (2018) for cold days/events [excess cold factor –  ECF]. In brief, excess temperatures incorporate  

both intensity and duration into  the calculation of an event, using a difference between a day’s  

temperature and the 95th (heat) or 5th (cold) percentile of temperatures averaged over a 3-day  

window. Acclimatization (important in temperature-related mortality research) is also incorporated, as 

this quantity is then compared to the temperature of the preceding  30 days (for further detail on  this 

method, please see Nairn  and Fawcett, 2014, and Sheridan and Lee,  2018). Thus, in total, 19 different 

ETEs are examined in this research  (Table 2), each  of which is derived separately for each land-based 

grid-point in North America.  

c.  Circulation patterns  

To categorize atmospheric  flow, circulation patterns (CPs) for SLP and z500  were computed for 

each region in Figure 1 using self-organizing maps (SOMs; Kohonen 1995, 1989). The SOM approach is 

an unsupervised neural network algorithm used to classify and reduce data of high dimensionality. The 

method has garnered a great deal of attention in the  discipline of  synoptic climatology as a  means of 
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partitioning and  visualizing atmospheric patterns (Sheridan and Lee 2011). Since the resultant  

classification produces a natural organization of patterns across two dimensions (whereby similar 

patterns are located nearer to  each other and dissimilar patterns further apart), a larger number of 

categories are able to be identified and  visualized more easily by comparison to  traditional clustering  

techniques such as k-means. Further,  these  categories can show the range of circulation patterns 

characteristic of both dominant and transitional circulation regimes.  

Separately for each region  and for z500 and SLP, SOMs of different sizes were trained and  

evaluated to determine which topological structure (horizontal and vertical dimensions) best minimizes 

intra-pattern variability while maximizing inter-pattern variability.  Since finer-scale resolution does not 

necessarily equate to a better classification (Demuzere et al., 2009), the raw data resolution is reduced 

by a factor of six, which not only  reduces time spent on classification, but also helps to  capture 

circulation features influencing larger-scale temperature events, rather than smaller-scale features with 

limited geographic coverage. Raw data are then standardized by grid-point and subjected to  s-mode 

principal components analysis (PCA), with  the principal components (PCs) with eigenvalues greater than  

one retained  for use in the  SOMs. Using  MATLAB  2018b and customized code in the  Deep Learning  

Toolbox, SOMs with dimensions between 3x3 and 9x9 were computed on the retained PCs and trained 

for 500 iterations, with an  ordering-phase learning rate of 0.9 and a tuning-phase learning rate of 0.02. 

Two cluster evaluation  metrics were then used to evaluate the performance of each SOM, based upon  

both the circulation data themselves (internal validation) and partitioning  of the  ETE data (external 

validation):  the Davies-Bouldin index (DBI;  Davies and  Bouldin 1979), and  the distributed variability skill  

score (DVSS; Lee 2016). The DBI is a ratio of the inter-pattern scatter to intra-pattern separation, while 

the DVSS compares the separation and  cohesion  of each clustering solution against that of 100  

randomized clustering solutions of the same size and  with the same pattern frequencies. These 

evaluations were used to  weed  out poorer SOMs, with final SOM sizes being  chosen subjectively from  

the better performing SOMs according to these metrics. The final SOM sizes whose clustering skill were  

best are shown in  Table 1.  Once SOM size was finalized for each  variable and region, a final SOM  was 

trained using 10,000 iterations and learning rates of 0.99 and  0.01 for the ordering phase and tuning  

phase, respectively.   Upon  completion, each day in the period of record is assigned to the SOM node  

that the spatial pattern  (of SLP  or 500z)  for that day most closely  resembles.  

d.  Analysis Methods  
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SOM relationships are evaluated with each  ETE metric  and region. Nonlinear eta correlation  

ratios are used to assess the ability of the SOM  as a whole (rather than individual CPs within the SOM) to  

partition ETEs across different CPs  at 0 days of lag. Eta correlation (η) is simply the square root of the 

ratio  of the sum  of squares between groups/CPs over the total sum  of squares in  an ANOVA table, and  

ranges between 0 and  1, with greater values indicating better association. Statistical significance is  

computed using th e  F-test  statistic  in the ANOVA  for each grid point. When averaging η across a region, 

we attempt to  estimate the significance via a two-stage analysis. First, we controlled the False Detection  

Ratio using  the method described in Wilks (2016) to account for spatial autocorrelation in testing for 

field significance [which essentially requires each local test to  meet a stricter threshold (lower p-value)  

to reject the null hypothesis at the α-global=0.05 level]. We then calculated the percentage of the grid  

points within each region  that meet this new stricter threshold, representative of statistical significance 

at the p<0.05 level.  

We also  test the relationship of 7-day CP frequency anomalies leading up to an extreme 

temperature  event. For each of the final SOM patterns, time series of binary  values were created for 

each SOM node (1  means the pattern occurred, 0  means it did not occur) for the entire study period. 

Next, 7-day running CP frequencies were computed, subtracting the 1979-2016 circulation pattern  

climatology from each day of year. These  time series were correlated with each  of the ETEs by grid  point 

using point-biserial correlations with unpaired t-tests. The point-biserial is similar  to the  Pearson  

correlation  except that one continuous variable is being measured against a dichotomous variable. 

These  tests were adjusted for both temporal autocorrelation [using  the effective  sample size adjustment 

described in Bretherton  et  al. (1998)] and spatial autocorrelation [by correcting for the false discovery  

rate (FDR) as discussed in  Wilks (2016)]. ETEs are confined to their respective seasons, so  circulation  

frequency  time series used for these  calculations reflect only the months where these indicators are 

most prevalent. For example, low absolute apparent temperature events are prevalent during the 

wintertime months; therefore, only circulation pattern frequencies for DJF months are correlated  with 

DJF indicator time series. Since the values for excess cold events  (XCE)  are negative (i.e. colder 

temperatures  translate  to  a more negative XCE), the values were multiplied by (-1) in  order to  make  

interpretations of correlations consistent with other ETE variables. In these  situations, a positive 

correlation  means that higher circulation pattern frequencies correspond to  more negative XCE  values  

[and a greater likelihood  of XCE].   
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3.  Results & Discussion  

Eta correlations describe the effect size of the SOM classification (as a whole) on  ETEs occurring  

concurrently (at Lag=0) with results generally  showing  that z500 has a stronger relationship across 

nearly all domains and ETE  variables than does SLP  (Table 3a). This is not surprising to find since z500 is a  

more thermally driven measure than SLP. These  results also exhibit the highest degree of association for  

high temperature events (apparent temperature and regular temperature; absolute and relative) in 

extreme northern portions  of Canada (southern Nunavut) and the Cascades. Contrastingly, the strongest 

correlations for cold temperature events are found in the Columbia mountains of southwestern Canada, 

upper Midwest, and interior parts of the eastern U.S.  The spatial patterns for excess temperature 

metrics (heat and cold) are qualitatively like those of the absolute and relative measures of temperature 

and apparent temperature, albeit with a weaker association. Generally, absolute  measures for each  

variable exhibit stronger relationships with the SOMs than do relative measures of ETEs (Table 3a), 

especially for northern locations. This could be due to  the increased seasonal variability  of surface 

temperatures and dewpoint for higher latitudes. Northern locations experience relatively  more CPs than  

do southern locations throughout the year, and they  also  experience more anomalous temperature 

episodes; accordingly, the association  of these anomalous temperature events should pose a weaker 

link than with  absolute events, especially considering that CPs are derived using raw (i.e. not seasonally-

standardized) variables. The opposite appears true for southern locations. Given the relatively low  

seasonal variability  of temperature here and fewer characteristic CPs throughout the year, relative  

correlations are typically stronger (in  some cases more widespread - such  as for anomalous high  2-m 

temperature and dewpoint events and sea-level pressure for the Gulf region).  The percentages of grid  

points in the nonlinear eta correlation  analyses that are statistically significant are found in Table 3b. 

Nearly all grid points are significant for all ETE variables across each domain and  CP, with the exception  

being absolute dewpoint threshold ETEs. Here, the percentage of significant grid points drops to zero, 

especially for the highest dewpoint thresholds and for the North and Canadian domains.  Dewpoint 

measures rarely  exceed the highest  thresholds, especially in the northern locations of North America 

owing to  their distance from  warm and  moist airmasses, so relative measures of dewpoint can provide  

more useful information in these  cases.  

Characteristics of ETEs are spatially and seasonally  variable for the period  1979 to 2016. 

Generally, cold temperature ETEs are more prevalent in northern regions and warm ETEs more 

prevalent in southern regions. Dewpoint events are nearly exclusively  confined to Gulf and southern  
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portions of the U.S., especially during the boreal summer. There is greater spatial and temporal  

variability for ETEs when normalized seasonally; here, transitional seasons exhibit both cold  and hot 

ETEs. These  seasonally-relative events  may be just as important as absolute events given differences in  

human acclimatization and the ability to adapt in more meteorologically  variable seasons.  

Individual SOM node correlations reflect the strength of relationship between the 7-day running  

circulation pattern anomaly and  each ETE metric; the strength and significance of the relationships are 

highly dependent on the domain and the seasonality  of the CPs for both z500  and SLP. Generally, z500  

correlations are stronger and are confined to fewer nodes of the SOMs. Largely, across each domain, 

absolute high (JJA) events (2-m temperature, 2-m dewpoint, and apparent temperature) correlate best  

(R>0.30) with broad zonal flow, above average heights, southerly flow, and high-pressure areas; similar 

to  the results found by Loikith and Broccoli (2013). Qian et al. (2016), Chen et al. (2017), and Tomczyk  

and Bednorz (2019)  used anomaly-based approaches  of upper-level  height structures and found similar 

upper tropospheric patterns characteristic of lower tropospheric extreme heat, such as positive mid- 

and upper-level height anomalies. For ridging patterns exhibiting some component of  southerly or 

maritime flow, correlations with extreme dewpoint events and high dewpoint thresholds become 

stronger, especially for the Gulf of Mexico region.  These results align with those of Tomczyk and Bednorz  

(2016) whose findings show the association  of humid events with the  inflow of maritime air and high  

atmospheric precipitable water.  Absolute low (DJF) events are most strongly correlated (R>0.30) with 

upper level troughing and strong north to northwesterly flow. Analog circulation  patterns of northern 

Europe have  also  been associated with extreme cold  (Tomczyk et al.  2019).  

The z500 SOM and seasonality for the East region is shown in Figure 2. The range of height 

patterns spans summer dominant CPs in  the top left  of the SOM and  winter dominant CPs  in the right  

and bottom of the SOM. Correspondingly, Figure 3 illustrates the correlation coefficients, by CP, of 

extreme cold apparent temperature events with the 7-day frequency anomalies of that CP. Patterns 4, 

5, and  10  exhibit the strongest positive correlation (dark pink) across the eastern U.S. with widespread  

statistical significance (all  color  shading  is statistically  significant at the 0.05 alpha level); these patterns 

reflect high amplitude wintertime trough patterns that are characteristic of cold  air outbreaks.  

Deseasonalized (relative) ETE correlations are more nuanced. Extreme warm/humid relative 

events are like their absolute event counterparts, except that some patterns with larger amplitude 

ridging are positively correlated. Cold/Dry events are most correlated  with moderate troughing (rather  

than strong  troughing as with the absolute low events). Extreme dewpoint thresholds have little to no  

This article is protected by copyright. All rights reserved.

A
cc

ep
te

d 
A

rti
cl

e



correlation  with circulation pattern frequency, except  for extreme southern portions of North America 

and where there is strong southerly flow. Unlike absolute  measures, relative extreme warmth  

associated  with adiabatic  warming  circulation patterns (i.e. z500  ridge and  moderate  cross-mountain  

flow) confined to the western Great Plains and interior mountain valleys of northern Canada (leeward  

side of Columbia, Caribou, and Birch mountains) is more evident, especially for late summer and fall  

circulation regimes. This may be because such adiabatic warming events on  the leeward side of these  

mountains are common these times of the year given the correct synoptic forcing, but are generally  

weaker than  extreme heat events driven north by advective processes.  

4.  Conclusions  

This study investigates the strength and direction  of relationship  of extreme temperature events 

with patterns of SLP and z500 for five regions over North America from  1979  through  2016. The patterns 

for SLP and z500 were defined using SOMs. The 7-day running circulation pattern anomalies of each 

SOM were computed and correlated with measures  of extreme temperature to gain a better 

understanding of the precursor synoptic conditions associated with variables related to human thermal 

comfort. The results  of ETEs and CP  correlations align  with previous literature regarding  large-scale 

circulation  with a few noteworthy findings. Correlations for z500 SOMs are stronger than for SLP SOMs, 

which is expected given our understanding of synoptics and the resulting surface temperature and  

moisture response. For  many ETE variables (temperature, apparent temperature, and excess 

temperature events), high  extremes are  most related  with broad z500 ridging and anticyclonic flow. 

Nearly all regions and both z500 and SLP exhibit weak or no significant relationship with dewpoint 

temperature metrics; some exceptions d o  exist for the Gulf region and for localities experiencing ridging  

and low-level,  moist flow. The opposite is true for exceptional cold and dry conditions; localities amidst 

high-amplitude trough patterns and low-level flow originating from inner continental regions are much 

more strongly related to  extreme cold  metrics.  

The relative ETE measures have weak relationships compared  to  absolute measures. Of these  

relationships, the northern  locations have the weakest correlations while the southern locations have  

the highest, due to seasonal variability differences by  latitude. Since southerly locations experience less  

circulation pattern variability, relative correlations are expected to be greater compared  to  the northern  

location counterparts. Relative ETE measures do  exhibit some stronger relationships, especially  with 

z500 and SLP patterns characteristic of adiabatic warming events. Absolute ETE measures present more 

robust significance with the overlying circulation, so  examining these measures in the context  of applied 
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climate and human thermal comfort studies should pose a more fruitful venture. Further, an  

examination  of circulation  pattern and ETE trends can help inform how human health and thermal  

comfort risks have changed over time and their potential changes for the future. Overall, while the sign  

of these relationships and the relative correlations among the different ETEs and  CPs examined were not  

surprising, the magnitude of some relationships was stronger than expected (e.g. absolute low apparent 

temperature event correlations with high amplitude troughing in the eastern  U.S. is greater than  

R≈0.40).  Given the extreme and infrequent nature of these ETEs, the strong correlations for many  

absolute  ETE measures with atmospheric circulation  may be an  effective statistical downscaling method  

for inferring ETE potential  on the local scale. This is a particularly useful finding for impacts research 

investigating human health and thermal comfort in future climate scenarios and  may be a worthwhile  

avenue  for future research.  

 

5.  Supporting Information  

 Supporting figures for the  East domain  are provided  in on-line supplementary  material. The 

SOM for the sea-level pressure is included with its seasonality. Further, grid-based correlation  

coefficient maps are included for all ETE variables described in Table 2 for both sea-level pressure and  

500-hPa geopotential height SOMs.  The complete dataset for the circulation patterns and maps for all  

domains can be found  on at http://dx.doi.org/10.17632/6jnr85k4hs.1.  
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z500 - Z SLP - P 
Canada - C 5x5 5x5 
North - N 6x4 5x5 
West - W 8x3 5x5 
Gulf - G 6x5 5x4 
East - E 5x5 6x4 
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Table 1 – Final SOM sizes (horizontal by vertical) for each variable and domain. 
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e Variable High/Low Type Abb. Description 

Temperature 
high 

Absolute THA 2m temperatures >95th percentile 
Deseasonalized THD 2m temperatures seasonal curve of the >95th percentile 

low 
Absolute TLA 2m temperatures <5th percentile 

Deseasonalized TLD 2m temperatures seasonal curve of the <5th percentile 

Apparent Temperature 
high 

Absolute AHA 2m apparent temperatures >95th percentile 
Deseasonalized AHD 2m apparent temperatures seasonal curve of the >95th percentile 

low 
Absolute ALA 2m apparent temperatures <5th percentile 

Deseasonalized ALD 2m apparent temperatures seasonal curve of the <5th percentile 

Dewpoints 

high 
Absolute DHA 2m dewpoints >95th percentile 

Deseasonalized DHD 2m dewpoints seasonal curve of the >95th percentile 

low 
Absolute DLA 2m dewpoints <5th percentile 

Deseasonalized DLD 2m dewpoints seasonal curve of the <5th percentile 
20 D20 2m dewpoints >20C 

22.5 D22.5 2m dewpoints >22.5C 
25 D25 2m dewpoints >25C 

Excess Temperature 
heat 

day XHD Excess Heat Day (Nairn & Fawcett, 2014) 
event XHE Excess Heat Event (Nairn & Fawcett, 2014) 

cold 
day XCD Excess Cold Day (Sheridan & Lee, 2018) 

event XCE Excess Cold Event (Sheridan & Lee, 2018) 

Table 2 – All ETE metrics used in the study, including the base variable used to calculate them, their abbreviations, and a short 
description of each. 
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ETE 

Variable CZ CP EZ EP GZ GP NZ NP WZ WP AVG 

THA 0.446 0.206 0.416 0.215 0.372 0.240 0.434 0.251 0.453 0.286 0.332 
THD 0.195 0.130 0.174 0.135 0.168 0.123 0.168 0.127 0.167 0.141 0.153 
TLA 0.398 0.219 0.408 0.350 0.352 0.332 0.359 0.278 0.350 0.348 0.339 
TLD 0.166 0.125 0.177 0.177 0.167 0.162 0.194 0.172 0.174 0.193 0.171 
AHA 0.455 0.203 0.421 0.210 0.381 0.231 0.443 0.254 0.466 0.286 0.335 
AHD 0.196 0.125 0.169 0.121 0.165 0.114 0.166 0.121 0.167 0.134 0.148 
ALA 0.406 0.225 0.415 0.351 0.352 0.319 0.358 0.279 0.349 0.343 0.340 
ALD 0.166 0.135 0.182 0.178 0.168 0.161 0.190 0.171 0.174 0.195 0.172 
DHA 0.445 0.211 0.403 0.211 0.341 0.195 0.440 0.250 0.382 0.246 0.312 
DHD 0.194 0.142 0.178 0.144 0.138 0.107 0.152 0.122 0.137 0.133 0.145 
DLA 0.401 0.221 0.404 0.347 0.263 0.281 0.350 0.278 0.310 0.329 0.318 
DLD 0.162 0.131 0.171 0.175 0.113 0.144 0.179 0.166 0.136 0.173 0.155 
D20 0.118 0.078 0.392 0.223 0.524 0.342 0.064 0.056 0.256 0.196 0.225 

D22.5 0.054 0.052 0.263 0.151 0.462 0.276 0.049 0.047 0.193 0.145 0.169 
D25 0.038 0.046 0.098 0.068 0.164 0.094 0.040 0.045 0.074 0.064 0.073 
XCE 0.144 0.095 0.158 0.146 0.142 0.145 0.161 0.112 0.143 0.149 0.139 
XCD 0.345 0.191 0.357 0.299 0.304 0.307 0.320 0.240 0.297 0.309 0.297 
XHE 0.172 0.082 0.144 0.095 0.144 0.105 0.166 0.103 0.172 0.114 0.130 
XHD 0.413 0.176 0.382 0.194 0.359 0.231 0.411 0.233 0.425 0.261 0.309 
AVG 0.259 0.147 0.279 0.199 0.267 0.206 0.245 0.174 0.254 0.213 0.224 

Table 3a – Average nonlinear eta correlations, 0 day lag, between each ETE variable (rows) and each 
circulation pattern classification (columns) for each region (darker greens indicate stronger correlations). 
The names of the circulation classifications are given by two letters, the first referring to the domain and 
the second referring to the variable (e.g. ‘CZ’ are the correlations for the z500 SOM for the Canada 
domain). Row and column averages are also provided. 
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 ETE 

Variable CZ CP EZ EP GZ GP NZ NP WZ WP 

THA 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 
THD 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 
TLA 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 
TLD 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 
AHA 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 
AHD 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 
ALA 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 
ALD 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 
DHA 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 
DHD 100% 100% 100% 100% 100% 99% 100% 100% 100% 100% 
DLA 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 
DLD 100% 100% 100% 100% 98% 100% 100% 100% 100% 100% 
D20 85% 79% 95% 95% 89% 88% 38% 30% 82% 79% 

D22.5 26% 33% 75% 75% 91% 93% 24% 0% 78% 71% 
D25 0% 9% 58% 52% 76% 69% 0% 0% 38% 34% 
XCE 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 
XCD 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 
XHE 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 
XHD 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 

Table 3b – Percentage of locally statistically significant (p<0.05) eta correlations between each ETE 
variable (rows) and each circulation pattern classification and region (columns). 
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Figure 1 – Regional partitions used in the study. The names of the domains are as follows: Canada 
(magenta), North (blue), West (green), Gulf (cyan), and East (red). 
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Figure 2 – SOM patterns and seasonality (z500) for the East U.S. domain. Seasonality of each respective 
pattern is shown in the corresponding bar chart starting with the month of December on the left and colored 

according to meteorological seasons. 

190x221mm (600 x 600 DPI) 

This article is protected by copyright. All rights reserved.



 

 
  

Peer Review Only

A
cc

ep
te

d 
A

rti
cl

e

Figure 3 – Grid based correlation coefficients for absolute low apparent temperature events and z500 for the 
East U.S. domain. Positive values mean that absolute low apparent temperature events are associated with 

increased frequency of that circulation pattern over the previous 7 days. Shaded areas are statistically 
significant at the 0.05 alpha level. 
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