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ABSTRACT The monitoring of cloud amount and type in Canada is discussed in detail, including observing,
archiving, data transmission procedures and practices, and automation. 

There have been some major monitoring challenges since 1953. In 1977, the network-wide replacement of
detailed cloud layer amounts and obscuring phenomena by broad sky conditions, based on summation amounts,
imposed analysis of frequency of occurrence of mainly cloudy conditions rather than actual amounts.  Partial
automation with Automated Weather Observing Systems resulted in the cessation of observations of higher clouds
and cloud types, as well as the incompatibility of sky coverage with human observations at eight percent of sta-
tions. 

For every hourly report from eighty-four airport stations from 1953 to 2003, each layer is classified accord-
ing to cloud type and related standard base height into three levels of low, middle, and high clouds. Trends in
occurrence of summation amounts of mainly cloudy conditions at each of these three levels are computed on
annual, seasonal, daytime and nighttime scales, together with annual trends in occurrence of selected convective
and stratiform clouds. Based on annual anomalies averaged over the country and provinces, no major network-
wide systematic discontinuities were noted; on average, on an annual basis over the entire network, slight
decreasing trends are noted for summation amounts of mainly cloudy conditions at low and middle levels, and
increasing trends at high levels. 

The increasing trend at high levels is indeed remarkable. The rate of increase, especially rapid until 1974, has
been shown to be caused by a prominent increase in cirrus cloud reports. The link between this rise and the
increase in air traffic was established by others in the United States.. This link may also apply in Canada, which
experienced a similar expansion in aviation.   

Notably, the largest increase in high nighttime cloudiness and decrease in low-middle cloudiness is evident in
western Canada, possibly contributing to the recently observed warming of daily minimum and maximum tem-
peratures there.  

The occurrence of stratiform clouds at all levels exhibits significant decreasing trends across the country,
except for southern Ontario. Clouds of intense convection show pronounced decreasing trends in western
Canada, while not much change is evident elsewhere. Similar to cirrus, stratocumulus is notable as it shows
strong positive trends everywhere in the country. On the other hand combined stratus and stratus fractus clouds
exhibit decreasing trends, except over British Columbia where the opposite occurs. The findings concerning stra-
tocumulus, stratus and stratus fractus clouds in Canada are similar to the findings in the United States. 

RÉSUMÉ [Traduit par la rédaction] Nous discutons en détail de la surveillance de l’étendue et du type des nuages
au Canada, y compris l’observation, l’archivage, les procédures et pratiques de transmission des données et
l’automatisation. 

La surveillance a posé d’importants défis depuis 1953. En 1977, le remplacement à la grandeur du réseau des
étendues détaillées des couches nuageuses et des phénomènes obscurcissants par des états du ciel généraux
fondés sur les étendues cumulatives a imposé l’analyse de la fréquence des conditions principalement nuageuses
plutôt que des étendues réelles. L’automatisation partielle au moyen de systèmes d’observation météorologique
automatiques a entraîné la fin de l’observation du type de nuages et des nuages élevés de même qu’une
incompatibilité de la couverture nuageuse avec les observations faites par des humains à huit pour cent des stations.

Pour chaque observation horaire à 84 stations d’aéroports, de 1953 à 2003, chaque couche est classée, selon
le type de nuage et la hauteur de base normalisée correspondante, dans trois niveaux : nuages bas, moyens et
élevés. Les tendances dans l’occurrence des étendues cumulatives des conditions principalement nuageuses à
chacun de ces trois niveaux sont calculées aux échelles annuelle, saisonnière, diurne et nocturne en même temps
que les tendances annuelles dans l’occurrence de nuages convectifs et stratiformes sélectionnés. D’après les
anomalies annuelles moyennées pour le pays et les provinces, aucune discontinuité systématique importante dans
l’ensemble du réseau n’a été trouvée; en moyenne, au cours d’une année dans l’ensemble du réseau, on observe
de faibles tendances à la baisse pour les étendues cumulatives des conditions principalement nuageuses dans les
niveaux bas et moyens et des tendances à la hausse dans les niveaux élevés.
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1 Introduction
Clouds directly influence surface temperature and precipita-
tion amounts by playing a major role in water and energy
fluxes between the Earth and the atmosphere. Total cloud
amount is a key component in the Earth’s surface energy
budget. In Canada, the number of hours of observations of
mainly cloudy conditions, when more than half the sky was
covered by cloud, increased significantly at the 5% level, by
a few hundred hours, in the south and northwest during the
1953–2002 time period (Milewska, 2004). Similar positive
trends of several percent of sky cover were noted for annual
overall and nighttime averages over the same area. In the case
of daytime averages, positive significant trends were confined
to the eastern part of southern Canada and negative trends
were found in the western provinces. Seasonally, some posi-
tive trends in average cloudiness were observed in spring and
summer in southern Canada, while negative trends were
noted in summer in northeastern Canada. 

In addition to the total cloud cover, various cloud types
influence climate in a number of ways. Studying trends of
cloud types can be helpful in understanding trends in precip-
itation and temperature. For example, changes in the occur-
rence of clouds of intense convection could result in changes
in the frequency of extreme precipitation. High clouds are
more efficient at absorbing and re-emitting longwave radia-
tion back to the Earth than low clouds (Klein and Hartmann,
1993), so an increase would enhance warming of daily mini-
mum temperatures. Low clouds are more effective at reflect-
ing shortwave radiation back to space, so a decrease would
enhance warming of daily maximum temperatures, and vice
versa. For example, an increase in low cloud by about five
percent over the eastern United States, caused by warmer sea
surface temperatures in the tropical Pacific, is responsible for
the observed cooling of 0.1°C per decade during the last 50
years (NASA, 2001). 

Unfortunately, with automation, information about cloud
types has been irretrievably lost at an increasing number of sta-
tions in recent years. These inadequacies in cloud monitoring
seem to be more widespread in the United States (Dai et al.,
2006), where more than 90% of airport stations now use
Automated Surface Observing Systems (ASOS). The majority

of Canadian airports still have weather observers, even
though their training and capacity might be reduced. Also, as
discussed in Dai et al. (2006), satellite cloud observations are
not without their own problems and cannot be used quite yet
as a substitute for surface observations.

In the former Soviet Union, during the 1936–90 period,
Sun and Groisman (2000) found that low level cloud cover
had significantly decreased, in contrast to the overall increase
in the total cloud cover. Analysis of the occurrence of cloud
types revealed that this decrease was primarily due to a
decrease in stratus and stratocumulus clouds and also a com-
bination of nimbostratus, fractostratus and fractocumulus. At
the same time, the authors noted a dramatic increase in cumu-
lus and cumulonimbus clouds, mainly during the 1950s to
early 1960s. This increase in convective activity was support-
ed by a significant increase in cirrus clouds, which the authors
argued could be due to an increase in anvil spreading from
thunderstorms. This association is not straightforward as the
apparent increase in high level cloudiness could also be
linked to the reported decrease in low level cloudiness, which
would make it easier for the surface-based observer to see the
clouds at higher levels that otherwise would be obscured, as
noted later by Sun et al. (2001).  

Over the contiguous United States, during the post-World
War II period from the late 1940s to the early 1990s, Sun et
al. (2001) noted an increase in cloud cover at both low and
high levels. In contrast with the former Soviet Union, low
cloudiness of stratiform type has increased over the United
States. This is primarily due to an increase in the frequency of
stratocumulus clouds, while the frequency of stratus clouds
has decreased. The increase in high level cloud frequency was
likely even larger than computed, since it was observed in
spite of the increase in low cloudiness that would make it
more difficult for the observer to see higher levels. The
increase in high clouds happened mostly during the 1950s and
into the 1960s and was accompanied by a simultaneous
increase in convective clouds, especially summer cumu-
lonimbus. Sun et al. (2001) verified that the abrupt upward
trend noted in the frequency of convective clouds in the warm
season prior to 1960 was probably due to the natural climate
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La tendance à la hausse dans les niveaux élevés est en fait remarquable. Le taux d’accroissement,
particulièrement rapide jusqu’en 1974, a été expliqué par un accroissement important des observations de cirrus.
D’autres chercheurs aux États-Unis ont établi le lien entre cet accroissement et l’accroissement du trafic aérien.
Ce lien peut aussi s’appliquer au Canada, où le secteur de l’aviation a connu une expansion semblable. 

Détail d’intérêt, la plus forte augmentation de nuages élevés la nuit et diminution de nuages bas ou moyens se
produit dans l’ouest du Canada, ce qui contribue peut-être à la hausse des températures journalières minimales
et maximales récemment observée dans cette région.

L’occurrence de nuages stratiformes à tous les niveaux accuse une tendance à la baisse appréciable dans tout
le pays sauf dans le sud de l’Ontario. Les nuages de convection intense affichent une tendance à la baisse
prononcée dans l’ouest du Canada alors qu’on ne constate pas beaucoup de changement ailleurs. Comme pour
le cirrus, le stratocumulus est remarquable par les fortes tendances positives qu’il affiche partout au pays.
D’autre part, le stratus et le stratus fractus combinés affichent des tendances à la baisse sauf en Colombie-
Britannique où l’inverse se produit. Les conclusions tirées à propos du stratocumulus, du stratus et du stratus
fractus au Canada concordent avec les conclusions tirées aux États-Unis.
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