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Analysis of the seasonal cycle of the climate record of Ottawa, Ontario
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Résumé: Un algorithme de détection de changement de régime (regime shift) a servi à analyser les températures journalières
relevées à Ottawa, afin d’examiner le cycle saisonnier du XXe siècle. La longueur moyenne des régimes des années les plus
chaudes s’avère légèrement supérieure à celle des années les plus froides. Toutefois, cette différence n’est pas
statistiquement significative. Aucune tendance n’a été détectée en ce qui concerne la longueur des régimes ou le nombre de
régimes au cours du XXe siècle. Les dates de transitions de l’hiver au printemps, ainsi que de l’automne à l’hiver, indiquent
toutefois un allongement de la saison de croissance pour cette période.

Introduction
Although the seasonal cycle is ultimately caused by
predictable and essentially invariable astronomical factors,
in practice the meteorological seasons vary from year to
year in timing, duration and character. The transition into a
given season may be abrupt or gradual and might occur
sooner or later. Meteorologists sometimes describe this
transition as a “regime shift” - an abrupt transition from, for
example, a winter to spring circulation pattern. These shifts
can be detected through breakpoint analyses (Fraedrich et
al., 1997; Kemp et al., 1994), although quantitatively
defining regime shifts and the nature of the seasonal cycle
is a challenge (Lemay, 2002). However, understanding the
nature of the annual temperature cycle is important;
phenological parameters such as flower blooming or ice
freeze-up and break-up show changes that can be
attributed to global warming (e.g., Bonsal & Prowse, 2003;
Schwartz et al., 2006), as a consequence of changes in the
atmospheric seasonal cycle.

In the context of this study, a regime is broadly defined as
a given period of time where temperatures remain stable
around a mean value, i.e. stationary. Synoptic events, such
as cold front passages, occur over short time periods and
therefore there may be one, several or many in any regime,
while the seasons themselves are longer-lived phenomena,
occurring over months. Regimes are therefore
characterized as stationary temperature states occurring
over longer time periods, typically in the monthly range. A
regime shift is defined as a transition from one regime to a
new stable regime, occurring on a given day or several at
most. Quantifying potential regimes, their shifts, and how
they change through time will allow for a further
understanding of the seasonal temperature cycle, which in
turn will allow for observations of trends in a changing
climate.

The objective of this study is to identify regimes in the
temperature record of Ottawa, Ontario, over the past
century, through the analysis of daily station data. Asselin
(2010, 2012) has recently analyzed these data in some
detail, investigating the long term changes in the
temperature record, as well as changes in extreme
temperatures, extracted as anomalies from a smooth
annual cycle. Maximum and minimum daily temperatures
have increased over the past 120 years but at different
rates, leading to a reduction in the daily temperature range.
We here take an alternative approach by studying the
annual cycle as a series of regimes, separated by rapid
regime shifts. This approach allows for an alternative
examination of the seasonal temperature cycle and the
nature of the transitions into the pronounced summer and
winter seasons that characterize the Ottawa region.  This
approach allows for an in-depth examination of the
seasonal temperature cycle and the nature of the transitions
into the pronounced summer and winter seasons that
characterize the Ottawa region.

Data and Methods
The Central Experimental Farm of Ottawa location has had
a weather station in operation since the late 1800s.
Although there have been some instrument changes, there
was only one small location change in 1924, allowing for a
consistent record (Environment Canada, 1981). Daily
station data for the Ottawa CDA station were extracted from
the EarthInfo Global Daily CD-ROM (EarthInfo, 2012).
Temperature records for Ottawa commenced in 1890,
however, due to a large number of missing data between
1890 and 1899, a study period commencing in January
1900 and terminating in December 2009 was selected.
Missing observations (0.001% of all data) were estimated
by calculating the mean of the data point preceding and
following the missing observation.
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The analysis used the methodology of Rodinov (2004,
2006) designed specifically for climatological data (Chiba et
al., 2008; Mueller et al., 2009; Matic et al., 2011). The
program uses an algorithm for a sequential t-test, where
deviations from the mean temperature value are identified
and compared to a critical value. As each new observation
is added a new test is performed. The test determines the
validity of the null hypothesis (H0) that the mean values of
the two regimes are equal. The strength of a regime is
quantified by the Regime Shift Index (RSI), which is highly
dependent on the cut-off length (l) and the probability level
(p). Only regimes longer than the assigned cut-off length will
be detected, unless their RSI values are large enough to be
detected.

In this study, experiments were conducted in order to
determine the appropriate program input parameters, and
showed that using a probability level of 0.05 and a cut-off
length of 30 days provided the most reasonable results. In
order to eliminate edge effects at the beginning (January)
and end (December) of the year that might affect regime
lengths and shift dates, daily station data were combined to
form 10-year continuous segments and analyzed as
continuous series.

Results
In most years, temperatures increase in an irregular manner
from winter to spring, and these can be identified as a
series of regimes, until they reach a relatively long plateau
defining the summer (Figure 1). The number of transitions
from the minimum temperature period to the maximum
period ranges between roughly four and six transitions. The
period of maximum temperatures, typically around day 200,
can be relatively long (e.g. 1904, 1998) or short (e.g. 1917),
and in some cases can be a series of two regimes (e.g.
1990). Similarly, the autumn to winter transition occurs
through several stepwise regime shifts towards the winter
minimum, and the number of transitions is also within the
same range of four to six. Minimum temperatures frequently
occur around day 30 to day 50, although in some years the
minimum temperatures occur in late December through the
New Year (around day 10). In some years, the period of
minimum temperatures is characterized by one long regime
(e.g. 1904) or it can be broken up into two or more regimes
in other years (e.g. 1943). The period of minimum
temperatures is characterized by having higher day-to-day
variability in mean temperature values, due to the fact that
the atmosphere is the most energetic in winter. Conversely,
the summer period is a period of relatively low variability in
daily observations, shown through the flatter maximum
temperature periods and the more fragmented minimum
periods.

Coldest Years

Rank Year Number
of

regimes

Mean
regime
length

St. Dev.

1 1904 8 42.1 19.7

2 1917 13 27.7 8.6

3 1926 9 37.1 17.5

4 1934 11 33.9 9.9

5 1940 11 30.7 11.8

6 1943 11 31.5 16.2

7 1907 8 38.3 17.5

8 1935 10 36.7 10.0

9 1939 12 31.8 12.6

10 1936 11 38.8 30.3

Average 10.4 34.1 15.4

St. Dev. 1.6 3.9 6.5

Warmest Years

Rank Year Number
of

regimes

Mean
regime
length

St. Dev.

1 1998 10 37.0 17.6

2 1999 11 32.9 15.7

3 2006 11 33.2 11.0

4 1953 8 42.0 18.7

5 2001 8 41.4 25.0

6 1991 9 38.0 13.6

7 1990 9 35.4 10.5

8 1921 11 39.4 16.4

9 1987 11 35.9 9.4

10 1973 8 45.5 28.5

Average 9.6 38.1 16.6

St. Dev. 1.3 4.0 6.2

Table 1: Number of transitions and mean length of the ten coldest
and warmest years (mean annual temperature) between 1900 and
2009 at Ottawa CDA. Mean regime length is expressed in days.
St. Dev. is the standard deviation.
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Figure 1: Example of regime analysis on daily data from Ottawa CDA. 
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Figure 2: Histogram of regime length
distribution for the ten warmest and
ten coldest years between 1900 and
2009 at Ottawa.

Figure 3: Number of transitions
as a function of year between at
Ottawa CDA.

Regime statistics were compared between the ten coldest
and ten warmest (mean annual temperature) years
(Table 1). In cold years, the mean number of regimes is of
10.4 regimes with a mean regime length of 34.1 days. In
warm years, there are fewer regimes (9.6) with a
correspondingly greater mean regime length of 38.1 days;
the difference between the cold and warm years is not
statistically different. In both sets of years, the number of
regimes can be as high as 13 (e.g. 1917) and as low as 8
(e.g. 1973). Generally, regimes are similar in length
regardless of their placement throughout the year, and there
tends to be one lengthier regime, typically in the middle of

the annual regime sequence (e.g. 1907). In most years,
regime length typically ranges between 30 and 50 days, but
can be greater than 100 days (e.g. 1936).

In warm years, the most common regime length tends to be
in the range of 20-40 days in length, with several regimes in
the 10-20 range and the 40-50 range (Figure 2). In cold
years, distribution of regimes throughout each category is
more even, with a larger number of longer regimes up to 60
days, while the total number of occurrences per regime
length category is lower in cold years than in warm years.
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Figure 4: Mean regime length as a
function of year between at Ottawa
CDA.

Figure 5: Standard deviation of
regime lenght as a function of
year at Ottawa CDA

For both cold and warm years, no regimes fall in the 0-10
day range, a result of the selected cut-off length of 30. In
both sets of years, the maximum regime length is no longer
than 100 days, with the exception of one occurrence of a
regime greater than 110 days.

The number of transitions per year ranged from 8 to 13
transitions, with no tendency through time (Figure 3). Over
the entire record, the mean number of transitions was of

10.0 transitions with a standard deviation of 1.2. The annual
mean regime length per year ranged from 27.7 to 48.6 days,
with an overall mean of 36.9 days and a standard deviation
of 4.2 (Figure 4). No long-term tendency toward longer or
shorter regimes was detected, but there are some decadal-
scale fluctuations in regime length. For example, regime
length tended to decrease from the 1920s through the
1950s, and tended to increase up to 1960. There is
considerable variability in the regime length (Figure 5).
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Figure 6: Date of the beginning of
spring regime at Ottawa CDA.

Figure 7: Date of the end of autumn
regime for Ottawa CDA.

The transitions into the beginning of spring and the end of
autumn were further examined. Spring is defined as the first
regime where mean temperatures are above 0°C, and
autumn is defined as the first regime following summer
when temperatures dip below 0°C. The transition into spring
typically occurred between regime numbers 1 and 4, with a
minimum date of 54 (February 24) and a maximum date of
111 (April 20) (Figure 6). The mean date over the period is
84.5 (March 26). Between 1910 and the late 1970s, there
was no evident trend for the date of shift. Starting in 1980,
a decreasing trend until the end of the century is evident.
The mean date of shift for this last 20-year period is 79.6,
compared with the mean date of shift of the previous 90
years of 86.4. This slight decreasing trend at the end of the
period suggests that the onset of spring is occurring earlier
in the annual cycle, ultimately resulting in the lengthening of
the growing season.

The transition into autumn typically occurred between
regime numbers 7 and 12, with a minimum date of 297
(October 23) and a maximum date of 375 (January 10 of the
following year; this only occurred once, in 2006) (Figure 7).
The mean date of shift over the period is 327.4 (November
22) with a mean regime length of 35.7 days. Throughout the
study period, there was a gradual increase in the date of the
autumn transition. Thus, the end of autumn is occurring
later in the year, indicating a lengthening of the warm period
in Ottawa over the 20th century. This result combined with
the observed earlier onset of spring starting in the 1980s
demonstrates a recent increase in temperatures resulting in
a prolonged growing season, concurrent with evidence for
global warming (IPCC, 2007).

Discussion
Experience suggests that the atmosphere tends toward long
periods with relatively comparable conditions, separated by
relatively rapid transitions to a new state. These are
determined by the dynamics of the major components of the
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atmosphere. Once the parameters of the model were
chosen and set sufficiently high to avoid detecting individual
synoptic events as a regime, the method used in this study
proved capable of identifying these regimes in the data from
Ottawa.

Slight differences in the number of regimes between cold
and warm years were found, with warm years tending to
have slightly fewer regimes with a longer length than cold
years. This may be associated with smaller pole-to-equator
temperature gradients in warmer years, and therefore fewer
cyclones, with the associated changes in air mass
distribution. The number of regimes and their length do not
change, however, through time. The reasons for this are not
clear; there may simply be upper limits to the time the
atmosphere can stay in one particular state. However, given
the large standard deviation in regime length, it would be
difficult to find statistically significant differences with these
data. To understand these results, it would be necessary to
replicate this study using data from many stations,
preferably distributed around the globe, and to study the
spatial pattern of the regime shift statistics.

It is when examining the onset of spring and the end of
autumn that trends became detectable. There was an
increase in the growing period of the annual cycle
throughout the 20th century, especially starting in the 1980s.
The earlier onset of spring as well as the later onset of
autumn causes a lengthening of the warm periods, while
periods where temperatures are below zero are shrinking.
The use of regimes to identify these transitions is a useful
methodology for this purpose.

Future studies are necessary in order to understand the
nature of regimes in the annual cycles on a regional and
even global scale. For example, analyzing maximum and
minimum temperature data between or among the regimes
identified here could provide insight into changes in
variability through time (Asselin, 2012). Studies projecting
future changes in spring and autumn transitions will also be
valuable to gauge the fate of regimes and the onset of the
seasons into the future. In this case, a first step would be to
study the output of global climate models using this
methodology, to determine if the model is producing similar
dynamics at this scale as the real atmosphere. These
studies would allow for informed decisions for the mitigation
and management of areas affected by an increase in warm
periods throughout the annual temperature cycle. 
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