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ABSTRACT


The January Thaw is a singularity that describes a recurring, several-day period of anomalously warm temperatures experienced around the coldest time of winter.  Exact spatial and temporal parameters of the phenomenon are difficult to define as a causal mechanism for the Thaw is unknown.  This investigation seeks to identify a Thaw signal, and assess the inter- and intra-regional variability across the United States, while examining the relationship of these events to synoptic climatological air mass frequency over the past 50 years.  

Daily temperatures are standardized using a five-day moving window.  Singularities are defined as dates of anomalous temperature departures from a determined temperature trend.  For all events, temperature changes during a Thaw and an identified cold episode, a January Freeze, are correlated to air mass frequency changes and Pearson correlation coefficients are tested for significance.


Results indicate that a regionally coherent Thaw signal exists across the northern United States. The Freeze exhibits a consistent regional trend in the western United States. The cold singularity generally occurs the first week of January and is often followed by a Thaw. The Thaw has an apparent systematic movement eastward, with an exception in the Great Plains, and occurs at eastern stations from 23(26 January. These episodes correspond to variable warm air mass types more frequent during a Thaw in combination with variable cold air masses less frequent, with the inverse pattern observed during a Freeze.

1. Introduction 


For decades a phenomenon known as the ‘January Thaw’ has been investigated by climatologists.  The Thaw most likely originated out of New England weather folklore over a century ago (Godfrey et al. 2002).  While gaining scientific recognition and peaking public curiosity, the Thaw soon became a well known meteorological anecdote.  The lasting intrigue surrounding the Thaw is attributed to the apparent recurrent, anomalous warm spells associated with an event that invades during the coldest time of year.  Yet, in recent years scientific examination of the January Thaw has waned.


The January Thaw, as a weather phenomenon, is a singularity.  The American Meteorological Society defines a singularity as, “…a characteristic meteorological condition that tends to occur on or near a specific calendar date” (Huschke 1959, p. 638).  The January Thaw is not only one of the better known, but perhaps among the most controversial of singularities.  While largely satisfying the definition of a singularity, confusion lingers regarding the timing, duration, and location of the Thaw.  There is general acceptance of the arrival of the Thaw in late January and its persistence for three to seven days, but meteorologists continue to disagree on the exact dates that the singularity occurs.  For example, Guttman and Plantico (1987) found a January Thaw signal in the northeastern United States from 22–27 January.  This was similar to the findings of Kalnicky (1987) that indicate the Thaw occurs between 18–25 January.  However, Frederick (1966) provided evidence for anomalous warming in the northwestern United States beginning as early as 7 January.


The northeastern United States is the region most noted for experiencing a January Thaw and therefore has been the most widely studied.  Warm episodes in other areas of the country remain more ambiguous.  Dickson (1959) discovered a signal for the singularity in Tennessee, as did Wahl (1952) in Missouri and Rebman (1953, 1954) on the West Coast.


To date, a causal mechanism for the Thaw has not been determined.  Consequently, this has led to the widespread skepticism and uncertainty of the singularity’s existence.  Correlations to oceanic, atmospheric, and even extra-terrestrial forcings have been examined in attempt to explain the Thaw.  Hayden (1976) found a January Thaw relationship with changes in East Coast water-wave climates, where surf directions were more like those of the warm summer season than winter.  Without overlooking the nature of ocean-atmosphere interactions, this hypothesis can be linked to another coupling of the January Thaw and atmospheric circulation, specifically the movement of ridge-trough systems across the country.  Wahl (1953) noticed a pronounced trough in the Midwest and a ridge over the East Coast in late January.  As the systems moved offshore, warmer-than-average conditions returned to normal.  Lanzante (1983) supported the conclusions of Duquet (1963) that indicate the Thaw is a product of an adjustment in planetary-scale circulation.  Others have suggested the January Thaw may be related to sunspot and meteor shower activity (Bowen 1956; Newman 1965). 


Considering the uncertainty surrounding the physical mechanisms, and even existence of the Thaw, the goals of this research are to identify a Thaw signal across the country and to utilize a synoptic climatological approach to explain the singularity.  Specifically, the inter- and intra- regional variability of the January Thaw’s presence will be addressed through an assessment of changes in air mass frequency.  This will determine if systematic changes in air mass types over a several day period are contributing to Thaw conditions.  Further, research observations indicate that a cold singularity, a ‘January Freeze,’ occurs in the western United States.  Guttman (1991) also noticed a tendency for cool episodes, though in the Northeast, around 8 January.  Such anomalous cold events will be examined.

2. Methods and analysis

a. Study region and data


To explore the presence and timing of the January Thaw across the United States, five regions were identified: East, Midwest, Great Plains, Mountain, and West.  From each of the five regions, five first order weather stations with less than five percent missing data from 1 December–28 February for the period 1948–2001 were chosen for analysis (Figure 1).  It was hypothesized that more northerly midlatitude regions, with greater seasonality and lower winter temperatures, were more likely to exhibit a warm episode signal.  Consequently, locations south of 35ºN were omitted from this investigation.


Twice-daily weather data were obtained from the National Climatic Data Center (NCDC) with observations of air temperature and dew point temperature at 0400 and 1600 UTC from 1 December–28 February (1948–2001) (NCDC 2002).  Daily air mass data were acquired from the Spatial Synoptic Classification (SSC2) for the same period (Sheridan 2002a).

b. Synoptic classification


The SSC2 is a weather classification scheme that applies automated and manual methodologies to categorize individual days into one of seven air mass classes, generally named for their moisture and temperature characteristics.  The air masses identified by the SSC2 are: Dry Moderate (DM), Dry Polar (DP), Dry Tropical (DT), Moist Moderate (MM), Moist Polar (MP), Moist Tropical (MT), and Transition (TR).  For further information on the air masses identified by the SSC2 see Sheridan 2002b.


The SSC2 allows air masses to be further segmented into sub-categories to identify those days with the most extreme conditions in each air mass type.  For this examination, if any of the five stations in a region observed more than 20% frequency of an air mass during the 1 December–28 February period, sub-categories were identified in that region.  Three air masses, DM, DP, and MP, have a particularly prominent winter presence across the northern United States and were sub-categorized.


To sub-categorize an air mass type, the thermal and moisture characteristics of an air mass were evaluated as follows: DM days with daily average air temperature above and daily average dew point below the mean of all DM days were identified as DM+, DP days with daily average air temperature and dew point below the mean of all DP days were classed as DP-, and MP days with daily average dew points higher than the mean of all MP days were considered MP+ (Figure 2).  For example, 34.5% of Seattle, Washington, winter days are identified as MP so MP+ categories are formed for western stations that depict the most humid days of the MP class.  

c. Identification of singularities


The 0400 and 1600 UTC air temperature values were averaged for each day and a five-day moving average of mean daily temperature was plotted for each station to isolate the Thaw.  Each five-day ‘window’ is referred to by the date of the third day (e.g., window 1 is the average temperature of 1 December–5 December and referred to as 3 December).  To identify a singularity, a second-order polynomial curve was fit to the December–February temperature windows and those windows with a difference of greater than two standard deviations from the winter trendline were identified as a Thaw or Freeze singularity (Figure 3).  

d. Synoptic analysis


After isolating singularities, a synoptic analysis was performed utilizing three techniques to detect changes in air mass frequency during the Freeze/Thaw events.  From 1948–2001, the frequency of each air mass was calculated for the individual windows and plotted for a station.  For individual air mass types a linear trendline was fit to the data, a method subsequently referred to as Linear, assuming that air masses exhibit a general frequency trend across a season (Figure 4).  For example, the MP+ air mass, that originates over the northeastern Pacific and is of notable prominence in northwestern United States winters, becomes generally less frequent across the December–February months at the eastern stations.  Here, the frequency of the MP+ air mass may not begin to increase again until the wetter months of spring.  The Linear method is also particularly useful for representing air mass frequency at stations with winter seasons that extend beyond the period examined here. 

A second-order polynomial curve was also fit to the frequency data at each station because it was considered most representative of air mass frequency for stations with air masses that display a seasonal frequency minimum during the study period (Figure 5).  This method, referred to as Second-order, is beneficial for certain air mass types, like DP-, that may not display such general, linear frequency tendencies and may be less frequent in early and late winter though more prominent throughout the middle of the season.
At the dates of all singularities previously identified for a station, differences in calculated air mass frequency from both trendline values were then obtained.  To explore the relationship between differences in air mass frequency and temperature for all Thaw and Freeze dates in a region, and across the entire United States, correlation analyses were performed.  Pearson correlation coefficients, or r-values, were examined.  These correlations were identified as strong (r greater than ± 0.8), moderate (r between ± 0.5 and 0.8), or weak (r less than ± 0.5) and were tested for statistical significance at the 0.05 and 0.01 confidence levels.  

For the third approach, monthly air mass mean frequencies were obtained (Sheridan 2002a).  These air mass frequencies (measured in number of days) were converted to percentages and the difference of the observed frequencies and the means of the month in which they occur were then correlated to temperature differences and tested for significance (Table 1).  Inclusion of this methodology, hereafter referred to as Mean, allowed for testing the robustness of results from the Linear and Second-order techniques because in this method frequencies of singularity windows are scrutinized with only frequencies typical of that month and seasonal frequency trends do not contribute to calculating the strength of the departure.  As mean frequencies of sub-categorized air mass types were unavailable, the DM+, DP-, and MP+ were excluded from this section of analysis.

3. Results

a. Intra-regional variability of singularities 

1) WEST REGION


All stations in the West have similar winter temperature trends. Seattle, Olympia, Portland, and Medford have a warm anomaly 14–17 January that persists for several days.  However, a significant Thaw is only identified at Olympia and Portland.  In Seattle, the Thaw is apparent in the temperature trend but this warming was not sufficient to be identified by the singularity screen, perhaps because temperatures at this location sustain more moderation from the ocean than do more inland stations.  This warm episode is not detected at Arcata, the most southern station in the region.


Seattle and Arcata both display a Thaw singularity occurring on 6 February.  This warm maximum is not apparent at any other stations in the region and may be attributed to the relative lack of seasonal temperature variation, and resulting small standard deviation of temperature, at these more coastal stations.

A Freeze singularity occurs at most western stations in the beginning of January.  The statistically significant cold anomaly is experienced on 1 January in Arcata and Medford, and on 4 January in Seattle.  Portland and Olympia exhibit temperature minima at this point as well, but anomalies are not strong enough to be identified as singularities.


2) MOUNTAIN REGION

The northwestern stations of the Mountain region, Boise, Missoula, and Salt Lake City, all have similar winter temperature patterns and warm and cold events that seem to be in phase with one another.  Cheyenne shows a temperature trend that is similar to these three stations, but with a much smaller amplitude.  The temperature pattern of Grand Junction differs from the other stations in the duration, but not timing, of cold anomalies, and unlike the other stations in the region, Grand Junction does not experience any warm singularities.


The Thaw is evident at all other stations in the Mountain region in mid-January.  This feature persists for several days and is most distinct at the northernmost station of Missoula.  The Thaw is manifested first and with the smallest magnitude at Cheyenne on 13–15 January. Boise, Missoula, and Salt Lake City experience the phenomenon slightly later, around 14–17 January.


A distinct cold singularity, a Freeze, occurs in Missoula, Salt Lake City, Boise, and Cheyenne between 2–4 January.  Grand Junction has the most pronounced and extended Freeze that persists from 2–7 January.

3) GREAT PLAINS REGION


Four singularities are evident in the Great Plains.  Dodge City is the only station in the region to display a Thaw in January, on the 14th and 15th.  The most prominent warm temperature singularity occurs 25–27 December at the more western stations of Bismarck and Pierre, and 27–30 December at the eastern locations of Topeka and Des Moines.  This singularity is a three-window event at Topeka, Des Moines, and Pierre, but only one five-day period is distinguished at Bismarck.  This late December event is not identified as a singularity at the most southerly station, Dodge City.


Another one-window Thaw is present on 1 December at Topeka and Dodge City.  Because of the timing of this event at the beginning of the seasonal study period, it is believed to be an artifact of the combination of the seasonal temperature trend at that time and the method used to identify singularities.


Dodge City and Bismarck exhibit cold singularities early in January (5 January and 8–9 January, respectively), and all stations display a relative minimum of temperatures near that time. Des Moines, Pierre, and Bismarck also show cold singularities during the period 26–28 January.   The combination of early and late January cold periods suggests that the relatively warmer period between the Freezes may be perceived as a Thaw.

4) MIDWEST REGION


Four singularities also appear in the Midwest region.  The most prominent warm temperature singularity, centered on 22–24 January, exists in the three most eastern stations.  This is a three-day event in Flint and Columbus and a single-day event in Lexington.  Another warm singularity is present, between 29 December and 2 January, in Lexington, Columbus, and Springfield.  This event lasts two to three days at the eastern stations, but is a single-day event at Springfield.  An isolated 20 February warm event occurs in Flint, which may be attributed to less representation of winter-to-spring temperature variability at the end of February.  Madison does not display a significant warm episode, but the trendline does show maxima at the same time other stations display warm singularities. 

Madison is the only station in the region with a Freeze singularity.  This appears on 28–29 January.  Although this event is not seen anywhere else in the Midwest, it does occur at several other stations in regions farther west.

5) EAST REGION


The East is the region with the most consistency among observed singularities.  As noted in the Midwest, a late Thaw also occurs in Syracuse on 21 February.  Other than this event, the only temperature anomaly in the East is a warm singularity around 23–26 January.  This episode occurs on 24–25 January in the more western stations of Richmond, Philadelphia, and Syracuse.  The singularities persist for two extra days, from 23–26 January, in the more eastern stations of Providence and Portland.
 

b. Inter-regional variability of singularities  



The arrival of the Thaw at stations in the western and central United States is often preceded by a Freeze.  The Freeze occurs a few days earlier, and is slightly more pronounced, at locations furthest west and is not present in the East.  Like the cold singularity, the Thaw seems to move rather systematically eastward.  At more eastern locations it is sometimes coincident with a Freeze to the west.  


The earliest singularity detected in the northern United States, however, is a Thaw in the northern Plains and western Midwest regions, occurring in late December and early January.  Shortly after this Thaw, a Freeze occurs in the western United States in the beginning of January.  This singularity is present across the West and Mountain regions and at the westernmost station in the Great Plains, Dodge City.  At these locations, the event is followed by a Thaw on 14–15 January.


The eastern Midwest and East regions display a Thaw almost a week later, 24–26 January.  This singularity is nearly accompanied by a Freeze in the northern plains and eastern Midwest regions 26–29 January.  This observation supports the finding of Wahl (1953) indicating a pronounced trough in the Midwest and ridge over the East Coast in late January.

c. Air mass analysis 

1) WEST REGION AIR MASS FREQUENCY


In the West, no relationships exist between warm or cold air mass type frequency and the timing of warm events.  All changes in air mass frequency detected are weakly and insignificantly correlated to the Thaw (Table 2). As previously noted, there is small winter temperature variability at western stations and singularities that are, therefore, less prominent may not be explained synoptically. Yet, without explanatory synoptic correlations to West region Thaws it is also possible that anomalies perceived with the temperature screen may not be “real” events.

Only three Freeze dates are identified in this region so significance tests could not be performed and r-values are higher than in most other tests.  However, a strong correlation to the Freeze is detected when DM air masses are less frequent and MP air masses are more frequent (Linear, Second-order).  Further, moderate correlations to the cold event are detected when fewer TR (Linear, Mean) and more DT (Second-order, Mean), DM+, and MT (Linear) air masses occur.  These moderate correlations to air mass frequency are non-intuitive and likely a result of the low number of Freeze dates.  Though this may affect all correlations, it is worth noting that the strong correlations are consistent with expectations of a Freeze, exhibiting a combination of fewer warm air masses and more frequent cold air masses.  This synoptic state could arise with more zonal airflow across the country, keeping DM south of the West region and allowing MP air masses into the region. 

2) MOUNTAIN REGION AIR MASS FREQUENCY


Most air masses exhibit some correlation to the timing of Thaws in the Mountain region (Table 3).  The frequency of cold air mass types (DP-, MP, MP+), as variably detected in the Linear and Mean tests, significantly decreases during a warm event.  Conversely, the Second-order test detects increases in DP- and MP+ frequency when Thaws occur, though these frequency changes are insignificant.


The warm DM, DM+, DT, and MM air masses are variably detected as more frequent by all methods (with MT air masses less frequent by the Linear test) during the Thaw.  Thaw events also correspond to fewer TR air masses (all methods). 

The MT air mass has a highly variable winter presence across the Mountain region and correlations result from the Linear method, so are therefore given less credence than if produced with either of the other methodologies.  Though unable to pinpoint one air mass associated with the Thaw in this region, it appears that singularities are real events corresponding to warm air masses that are more frequent and, to a lesser extent cold air mass types that are less frequent.  It seems probable that year-to-year the air mass types responsible for Thaw conditions in this region change. 

It is less discernable what air mass conditions may produce Mountain region Freezes.  Synoptic analysis indicates freeze events in this region are related to more frequent DP- (Linear) and MP (Mean) air mass activity.
3) GREAT PLAINS REGION AIR MASS FREQUENCY

A decrease in MT air mass frequency is moderately correlated to Thaws, with variable significance, in the Great Plains (all methods).  Here, fewer extreme DP- days and more DP air masses (Second-order) are related to warm events though only changes in the DP air mass are significant at the 95% confidence level.  It may be expected that Thaw conditions are associated with more frequent warm air masses, though it is not altogether unlikely that Thaws in this region occur under the persistence of a cold, dry air mass.  These results indicate that the character of the DP air mass is changing, and warming at this time, perhaps allowing for a Thaw.  In the Plains, this could happen as cold, dry air from Canada shifts farther south and modifies.


Cold, dry air masses are also related to cold singularities in the Great Plains and are generally more extreme during a Freeze event (Table 4).  Two methods (Linear, Second-order) indicate the Freeze occurs with fewer DP days while DP- air masses are more frequent, though these moderate correlations are not always significant.  This result seems intuitive, as the character of an already cold air mass type is cooling at the timing of a Freeze.  

Warm air masses display varying relationships with the cold singularity, and are more difficult to explain.  While MM, DM, and DM+ air masses are generally less frequent during a Freeze (Linear, Second-order), an increase in MT and a strongly correlated, significant increase in DT (all methods) air mass frequency is also observed.

4) MIDWEST REGION AIR MASS FREQUENCY


Warm air mass types are found to have the strongest relationships to Thaws in the Midwest region.  Unlike the Great Plains, all three methods indicate the warm singularity is associated with significantly more frequent MT and fewer DT air masses (Table 5).  Synoptic evaluation also finds less frequent MM (Linear, Second-order) and DM+ (Linear) air mass types are significantly correlated to the warm event. 

If the advection of warm MT air masses into the Midwest is producing Thaw conditions, it is likely that this occurs while a pronounced ridge is over top of the region.  This circulation pattern is one that could direct moist, warm air from the southeast northward and is also one that could block other warm air masses, like DT, from the region.  Given that Thaws in the Midwest occur just prior to those in the East and circulation could move a strongly pronounced ridge eastward, albeit less distinct, such an explanation is in accordance with the findings of Wahl (1953) that a ridge over the East region contributes to Thaw conditions at those locations. 
5) EAST REGION AIR MASS FREQUENCY


 Few Thaws occurring in the East region can be linked to changes in air mass frequency.  The Second-order method highlights a decrease in frequency of the TR air mass that is moderately correlated to Thaw dates (Table 6).  This relationship is significant at the 95% confidence level.  All other air mass types have weak, insignificant correlations to the singularity.  Thaws are especially prominent in the East, and exhibit great regional coherency, but perhaps synoptic conditions are not correlated to singularities because of the distance from air mass source regions.  This leads to more modification and an overall increased variability of air masses influencing the East region, making it difficult to pinpoint anomalous air mass frequency departures. Yet like the West, identified singularities may not be real events in the East. 
4. Conclusions 

This analysis provides evidence for the existence of a regionally coherent January Thaw across the northern United States.  These events are the most prominent in the East, where seasonal temperatures are naturally more variable.  Further, a regionally cohesive January Freeze, often experienced just prior to the Thaw, occurs in the western United States.  The trend of warm and cool singularities is generally consistent inter-regionally, moving eastward across the country and appearing to follow typical midlatitude circulation.  An exception exists in the Great Plains and bordering Midwest stations, where Thaws occur earlier than at all other United States locations.  This may be attributed to a direct eastern proximity of stations to the Rocky Mountains, as many weather and climate patterns are characteristically changed in this vicinity.  Here, it may be worthwhile to assess stations to the north and south of the region to determine if the inter-regional singularity trend is exhibited nearby.


Thaw and Freeze events are related to variable synoptic conditions across the United States rather than the advection of a single air mass type.  Perhaps as expected, in some areas of the country Thaws are associated with more frequent warm air mass types, like MT in the Midwest.  In other regions like the Great Plains, Thaws occur while the character of cold air masses change, exhibiting fewer of the very coldest days.  These situations are sometimes accompanied with overall less frequent cold air mass types.  Freeze singularities are often associated with more frequent DP- air masses, though in general are related to more frequent cold air masses and less frequent warm air masses.  In some instances, the air mass frequency changes correlated to Thaw/ Freeze events are difficult to account for, and support further analysis, such as the significant increase in DT frequency during Freeze conditions in the Great Plains. 


The relationship between synoptic conditions and singularities is most apparent in the central United States.  Despite this analysis supporting a great deal of previous research that identifies a Thaw in the East region, the cause of these events could not be detected with the air mass-based methodologies used here and, therefore, requires further investigation to determine if these are, in fact, real events. Explanation of these singularities from a dynamic standpoint (air mass movement, ridge-trough orientation, etc.) is imperative for validating their existence.   Although less is known about the Thaw in the West, the singularity was clearly identified there but again, without a causal synoptic mechanism, adding to the elusive nature of the January Thaw. 
To understand the relationship between January temperature anomalies and large-scale synoptic conditions across the United States this investigation examines air mass frequency departures at the timing of warm and cool singularities.  Conclusions drawn from this research indicate a worthwhile goal for future analysis includes the assessment of changes in air mass character, specifically the thermal properties of air masses, during anomalous temperature events.  Although frequency may not be related to Freeze and Thaw timing in some of the regions, character may be.  Certain circulation pattern consistencies might alter the character of an air mass, such as positive or negative vorticity advection, which could initiate subsidence or other vertical motions that tend to alter air mass character. 

Differences in temperatures at dates identified as singularities and an expected temperature (in this research, identified by a second-order polynomial curve) can be compared to the difference between observed air mass temperatures and average monthly air mass temperatures.  In discriminating by air mass type, significant character changes may be highlighted and further synoptic conditions associated with warm/cool events may be pinpointed.  

It may also be useful to assess the relationship between winter temperature singularities and upper-level circulation patterns.  A synoptic index of upper-level flow patterns, such as the Upper Level Synoptic Index (Frank et al. 2004, manuscript submitted to Int. J. Climatol.), may be examined during the periods of Thaw and Freeze identified here to determine if there is a significant change in flow patterns during anomalous temperature events.
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figure 1. First order weather station locations within the five regions studied in the northern United States.

figure 2. An example of sub-classification of Dry Polar (DP) air mass days for Bismarck, North Dakota, over the period 1 January–15 February 1948–2002.
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figure 3. An example of identification of temperature singularities for Cheyenne, Wyoming, over the period 1 December–15 February 1948–2002.
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figure 4. An example of the Linear method of identifying changes in air mass frequency at the date of a singularity: Philadelphia, Pennsylvania, over the period 1 December–15 February 1948–2002.
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figure 5. An example of the Second-order method of identifying changes in air mass frequency at the date of a singularity: Philadelphia, Pennsylvania, over the period 1 December–15 February 1948–2002.
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figure 6. Singularities detected across the northern United States 1 December–15 February.  Thaws are indicated in dark gray and Freezes in light gray.  No singularities were detected before 26 December, 10–12 January, 18–21 January, or after 29 January. 

TABLE 1. The Mean method of identifying changes in air mass frequency at the date of a singularity finds the difference between the monthly mean air mass frequency and the air mass frequency observed during the singularity.  This example is for the Thaw singularity at window 53, Syracuse, New York.


Air Mass

Frequency (%)
DM
DP
DT
MM
MP
MT
TR

January Mean
12.9
37.7
0.4
14.1
22.2
0.9
11.8

Observed
11.0
12.9
0.4
19.1
12.5
2.2
14.7

Difference
-1.9
-24.8
0.0
5.0
-9.7
1.3
2.9

TABLE 2. Correlation coefficients from the three testing methods depicting changes in air mass frequency for Thaw singularities in the West region.


Air Mass

Method
DM
DM+
DP
DP-
DT
MM
MP
MP+
MT
TR

Linear
0.0
0.0
0.0
-0.4
-0.3
0.0
0.4
-0.3
0.1
0.4

Second-order
0.0
0.0
-0.2
-0.3
-0.3
0.0
-0.4
0.0
-0.1
0.4

Mean
0.2
--*
-0.2
--*
-0.4
0.0
0.0
--*
-0.2
0.3

* Monthly air mass means unavailable for subcategorized air masses

TABLE 3. Correlation coefficients from the three testing methods depicting changes in air mass frequency for Thaw singularities in the Mountain region.


Air Mass

Method
DM
DM+
DP
DP-
DT
MM
MP
MP+
MT
TR

Linear
0.7c
0.5
0.6b
-0.6b
0.7c
-0.1
-0.6b
-0.6b
-0.7c
-0.5

Second-order
0.4
0.4
-0.3
0.5
-0.3
0.5
-0.4
0.5
0.3
-0.6

Mean
0.7c
--a
-0.2
--a
-0.2
0.3
-0.6b
--a
-0.1
-0.5

a Monthly air mass means unavailable for subcategorized air masses

b Significant at 0.05 confidence level

c Significant at 0.01 confidence level

TABLE 4. Correlation coefficients from the three testing methods depicting changes in air mass frequency for Freeze singularities in the Great Plains region.


Air Mass

Method
DM
DM+
DP
DP-
DT
MM
MP
MP+
MT
TR

Linear
0.4
0.0
0.7
-0.8b
-0.9b
0.7
0.5
0.3
-0.8b
0.0

Second-order
0.3
0.1
0.6
-0.7
-0.9c
0.5
0.5
-0.4
-0.6
0.1

Mean
-0.1
--a
-0.8b
--a
-0.9b
0.4
-0.1
--a
-0.3
-0.3

a Monthly air mass means unavailable for subcategorized air masses

b Significant at 0.05 confidence level

c Significant at 0.01 confidence level

TABLE 5. Correlation coefficients from the three testing methods depicting changes in air mass frequency for Thaw singularities in the Midwest region.


Air Mass

Method
DM
DM+
DP
DP-
DT
MM
MP
MP+
MT
TR

Linear
-0.1
-0.6b
-0.1
0.3
-0.9c
-0.6b
0.5
-0.2
0.7c
0.3

Second-order
0.1
-0.5
0.2
-0.2
-0.7c
-0.7c
0.3
-0.2
0.7c
0.2

Mean
0.4
--a
0.1
--a
-0.6b
-0.2
-0.2
--a
0.6b
-0.1

a Monthly air mass means unavailable for subcategorized air masses

b Significant at 0.05 confidence level

c Significant at 0.01 confidence level

TABLE 6. Correlation coefficients from the three testing methods depicting changes in air mass frequency for Thaw singularities in the East region.


Air Mass

Method
DM
DM+
DP
DP-
DT
MM
MP
MP+
MT
TR

Linear
-0.1
0.3
-0.1
0.2
-0.4
0.0
0.0
-0.2
0.4
-0.4

Second-order
0.0
0.0
-0.4
0.0
-0.1
0.5
-0.3
0.4
0.0
-0.6b

Mean
-0.4
--a
-0.2
--a
-0.3
0.4
0.0
--a
0.0
-0.4

a Monthly air mass means unavailable for subcategorized air masses

b Significant at 0.05 confidence level

c Significant at 0.01 confidence level
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