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Abstract. The atmospheric circulation clearly has an im- range of applications (see Yarnal, 1993 and Huth et al., 2008)
portant influence on variations in surface temperature andn the field which is now called synoptic climatology.
precipitation. In this study we illustrate the spatial patterns
of variation thaF occur for the principal circulation patterns_ jective schemes are being used to study whether the climate
across Europe in the standard four seasons. We use an ex'%‘é'warming because of a greater frequency of ‘warm’ o less
ing classification scheme of surface pressure patterns, with

. S . cold” types or is the overall frequency of basic types rel-
the aim of considering whether the patterns of influence Ofatively unchanged and most types are slightly warmer than

specific weather types have changed over the course of thﬁley used to be. Two examples of this type of work are the

20th century. We cons@er whe_ther the long-term Warminggy gies undertaken by Osborn and Jones (2000) and van Old-
across Europe is associated with more favourable weathe

i lated t ; ithi fth ther t énburgh and van Ulden (2003). In the first, the percentage
ypes orrefated to warming within some ot the Weathertypes ¢ 1o saason-to season variability of rainfall and tempera-
The results indicate that the latter is occurring, but not all cir-

. : : ture over Britain (using the England and Wales precipitation
culation types show warming. The study also illustrates th?trecord, Alexander and Jones, 2001 and the Central England

certain circulation types can lead to marked differences 'ntemperature record, Parker et al., 1992) that could be ex-

t_empera_ture and/or pre_cipitation for rel_atively close!y posi_- Plained by three variables (flow direction and strength and
tioned sites when the sites are located in areas of high re“evorticity, which together form the very simplest of objec-
or near coasts. tive weather typing) was estimated. The result was that the
“weather” explained much of the high-frequency variability,
but little in the way of longer (decadal and above) timescale
variability. The second study looked at temperatures at De
Bilt in the Netherlands and assessed whether 20th century
The influence of the circulation on surface climate has beer]SMPerature increases were specific to certain wind dm_ac-
glions. The result was that temperatures increased for all wind

known by humans since the beginning of time. Since the a directi for th ¢ h h duri .
vent of climatology these relationships have developed into Irections except for those from the northeast during winter.

circulation or weather types developed initially subjectively Both results emphasize the Warming,. but highlight different
(e.g. Lamb, 1972 for the British Isles and Hess and Bre-aspects. Beck et al. (2007) also consider similar aspects, but

zowsky, 1977 for Europe — the well know “Grosswetterla- only use monthly resolution data.

gen”) but now objectively with a wide range of approaches Here we extend these studies to the European scale and
and techniques (see reviews by Yarnal, 1993 and Huth et aluyse continental-scale circulation typing approaches. Philipp
2008). The derived weather types have been used in a widet al. (2007) have developed a set of daily North At-
lantic/European Circulation Types (CTs) covering the region
70° to 25 N by 70> W to 50C° E using a technique involving

Correspondence tc. D. Jones simulated annealing (a clustering algorithm). The analysis
BY (p.jones@uea.ac.uk) was based on the reconstructed daily mean sea-level pressure

With growing interest in climate change, many of the ob-

1 Introduction
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Table 1. Number of Circulation Types (CTs) for each of the four and precipitation (drying in Southern Europe and increases in
seasonal analyses. wetness in Northern Europe, see e.g. Fig. 3.14 of Trenberth

et al., 2007) is a result of a change in the mix of CTs oris a
result of within-type changes in the CTs. The daily surface
network of temperature and precipitation data is discussed
DJF 9 in Section 2. In Section 3, we briefly introduce the Philipp

Season Number of CTs

MAM 11 et al. (2007) method of deriving circulation types and illus-
‘;JC')AN g trate how the surface temperature data are transformed into

anomalies for the time of year. Section 4 discusses a selec-
tion of the results and Sect. 5 concludes.

(MSLP) maps from Ansell et al. (2006) and used the full pe-5 pata
riod of available data from 1850-2003. Different CTs were

developed for each of the four standard seasons and also fqthe EMULATE project developed a daily temperature (max-
the twelve sets of two-month seasons (JF, FM etc.). imum and minimum) and precipitation database encompass-
At larger scales, it is certain that the circulation will ex- ing many of the available long-term records for the European
plain less than it does on the scales of Britain or the Nethercontinent (see extensive discussion of sources and quality
lands. This is because large-scale circulation typing is moreontrol in Moberg et al., 2006). The quality control of the
complex than the simple objective typing (using flow direc- station database undertaken by Moberg et al. (2006) was ex-
tion and strength and vorticity) described above. Simplertensive, with an emphasis on the extremes in each of the se-
typing is specific to relatively local scales as in the aboveries, but there wasn't a thorough assessment of the long-term
two examples. Large-scale CTs consider the dominant athomogeneity of the records. The EMULATE series were
mospheric circulation patterns across the whole of Europebolstered by the addition of series developed for the Euro-
hence are less influential at the local scale. A simple exampean Climate Analysis and Dataset (ECA&D, see Klok and
ple of this is the influence of the North Atlantic Oscillation Klein Tank, 2009). Here we chose those series that were as
(NAO) on European temperature and precipitation patterngomplete as possible for the period from 1911 to 2000. We
(e.g. Hurrell, 1995). The NAO (based for example on the use series from Iceland and Portugal in the West to the Ural
normalized pressure difference between Gibraltar and Reykmountains in the East, so extending about f@ther east
javik) explains up to 40% of the variance of winter seasonthan do the CTs from Philipp et al. (2007). The sites used
(December to February) temperature variability in southernshow differences between the three variables and also for the
Scandinavia (Jones et al., 2003), yet if a more local presperiods of analysis. The locations of the available data used
sure gradient were developed (for this location using, forfor the illustrated influences of each CT on surface climate
example, pressure data from Berlin and Stockholm) the exwill be evident in the subsequent figures.
plained variance would be considerably higher. The explana-
tory variable is still essentially the same (the NAO), but in
the more local case we are looking at the westerly wind3 Methods
strength specific to the region being considered (southern
Scandinavia). The issue of local- versus regional-scale presfable 1 (from Philipp et al., 2007) gives the number of CTs
sure gradients has been commented upon earlier (see Jacobgjt each of the four 3-month seasons. Figure 1 shows the per-
et al., 2001 comparing the temperature variance explainedent of days in each season classified into each of the CTs for
by the NAO with a more local zonal index over Central Eu- three periods (1911-1940, 1941-1970 and 1971-2000). The
rope). The results have potential implications for statisticalnumber of types in each season was determined by several
downscaling techniques that use CT-based schemes. Modebjective criteria (see Philipp et al., 2007 for details). The or-
biases in RCM-based scenarios (dynamic downscaling) aréering of the CTs was determined by the period 1850-2003,
generally used as one of the reasons for developing statistiso there are differences between the three periods, slightly
cal downscaling techniques, but the use of the simpler obmore so for winter and summer than for the transition sea-
jective typing schemes will produce scenarios which are notsons. Also in all seasons except spring, the 1971-2000 pe-
spatially consistent between neighbouring regions. The useiod differs more from the two earlier periods. All days are
of large-scale CTs is one potential way of deriving spatially classified into one of the types, and readers should be mind-
consistent scenarios across a much larger region. ful of this when assessing the results. Obviously for a given
Here, we will use the Philipp et al. (2007) CTs for the CT, there will be some days that would be very close to the
four standard seasons to look at their surface temperature arghsic type (referred to by Phillipp et al., 2007 as the cen-
precipitation response. We wish to assess whether the longroid pattern), while for others the CT to which they are as-
term change in temperature over Europe (towards warmingsigned is the closest of all the possible CTs. In these latter
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Fig. 1. The percentage of days of each CT within each season. The different line styles show these proportions for each of the three periods
(1911-1940, 1941-1970 and 1971-2000). Each day within each season is classified into one of the types for each season, so the sum of tt
percentages for each period will be 100%.

cases, the surface climate response may be somewhat difyy the time of year (particularly during the transition sea-
ferent from the types which look more like the basic pat- sons), we extracted an annual cycle for each day of the
tern for each CT. Forcing all days into one of the basic typesyear based on the 1961-1990 period for each station. This
dilutes the patterns compared to the “continuous” nature ofwas developed separately for maximum and minimum tem-
typing with the simplified (but necessarily more local) tech- perature by smoothing the 1961-1990 average (where the
niques discussed earlier. We use the word “continuous” agsaw average was based on the 30 January 1sts, 30 January
in the simpler typing schemes (e.g. Osborn et al., 2000) day2nds, etc). The smoothing used an 11-term binomial fil-
are categorised according to three continuous variables (floer, which has been recommended by a number of stud-
strength, wind direction and vorticity). Another possibility ies (Jones et al., 1999; Horton et al., 2000) as being suf-
would be to weight each day by the correlation of that day’sficient to smooth the daily averages from only 30 observa-
pattern compared with the ‘average’ pattern for that CT. Wetions, whilst still leaving a number of important singularities
do not investigate this or the issue of differences within types(Lamb, 1950) evident in many regions of Europe. Figure 2
further, but instead treat days of one CT type equal, look-shows an example of the filter for Kiev, a station chosen at
ing at the average spatial response of surface temperatur@andom from the almost 200 possibilities. Daily temperature
and precipitation to the particular CT. Later, we will con- and DTR anomalies were then computed from the smoothed
sider whether the response to particular CTs changes duringtation-specific curves. The same procedure with smooth-
the period from 1911 to 2000. ing was used for precipitation, but this essentially gives each
To assess the surface response to each of these CTs, v%n_oothed daily. value the 1961-1990 average daily precipi-
. tation amount (i.e. the monthly total divided by the number
constructed maps showing the effects on mean temperatur%,r days in the month)
the diurnal temperature range (DTR) and precipitation. As '
the mean temperature and DTR response will be impacted
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98 [T T [T T T T T T T T T T T ameliorate the issue to some extent, but simple examples
ey R s mate - 3861-90 ] for some of the patterns shows that some consistently bring

1 warm extremes in May, but cooler than normal temperatures
during March. This doesn't happen during the extreme sea-
sons, but is also prevalent in the autumn. It would be ame-
liorated still further using the two-season CTs from Philipp
et al. (2007), but would still be noticeable for some adjacent
months (e.g. October and November). It might be possible to
undertake the analyses on individual months, but this doesn't
overcome the issue of some CTs in some seasons being more
dominant during the early or latter months within the season.
We don't investigate this further, but it would be important to
do so for smaller sub-regions of Europe.

We now show three examples of the CTs, one each for
the summer, autumn and spring season. We discuss each
in turn and then make some overall comments about the
maps, including the 31 that haven't been shown. The full
1 set of 34 circulation patterns and surface responses is in-
A0l ] cluded in the Supplementary Informatiohttf://www.cru.

060 80 120 AN eamter. o0 270 300 330 380 uea.ac.uk/projects/emulatejct/ These comments relate to
issues of relatively close stations sometimes giving opposite
Fig. 2. Example of the daily filter for mean temperature for the fésponses, particularly for DTR.
station at Kiev. Figure 3 shows CT1 for the summer season and the re-
sponse of mean surface temperature, DTR and precipitation
amount for the period 1911-1940. In the figure we distin-

As the daily station temperature and precipitation data argyuish between the locations where the anomalies of the three
most complete for the period from the early 20th century, variables are positive and negative and where the deviations
three 30-year periods (1911-1940, 1941-1970 and 1971are statistically significant at the 95% level using the Monte
2000) were chosen for the analysis. Availability of data still Carlo procedure detailed earlier. This CT is the classic pat-
means that there are more series that can be used for the lat@rn of an “Azores” high extending NE towards Europe. As
two 30-year periods compared to the first. For mean temperexpected this gives less precipitation over much of western
ature, there are 150, 185 and 210 stations for each of the threBurope together with warmer than average temperatures and
30-year periods respectively. Counts are slightly different foran enhanced DTR. Over most of the site locations in western
precipitation and DTR. Europe the response for these types of CT days is signifi-

To assess the significance of the departures for temperazant. Over eastern Europe, the patterns are weaker and less
ture, DTR and precipitation, a Monte Carlo procedure wassignificant. The response patterns vary little for the two lat-
used. In this analysis a distribution for each station was calter periods (1941-1970 and 1971-2000, not shown, but see
culated by randomly sampling all days in each season 10 00Gupplementary Information).
times and then compared with the actual value based on the Figure 4 shows CT4 for the spring season (for 1971-2000)
N days of each CT, enabling the statistical significance forand the response patterns for the same three variables as in
each station to be assigned for each CT pattern. In the lattefFig. 3. This CT involves a relatively deep low (for the time
figures, the 95% statistical significance level was used. of year) over southern Scandinavia, giving anomalous north-

westerly flow over western Europe and anomalous south-

westerly flow further east. As expected mean temperatures
4 Results are cooler than normal over all of western Europe with a re-

duced DTR. Further east temperatures are warmer than nor-
Thirty four different sets of figures were produced for each mal with enhanced DTRs over southeastern Europe. Precipi-
of the three 30-year periods. These include maps for each dftion amounts are greater than normal in central and western
the types in Table 1. Here we can show only a very small seEurope and reduced around the peripheries of Europe (Iberia,
lection, but summarise the results in a single figure for eachthe Balkans, northeastern Europe and northern Scandinavia).
of the four seasons. We emphasize the results from the exfhis response pattern is similar for the two earlier periods
treme seasons, as they are less affected by the changes d@fi 1911-1940 and 1941-1970 (see Supplementary Informa-
the influence of the circulation that occur during the transi-tion).
tion seasons. The use of anomalies from the average 1961- Figure 5 incorporates CT3 for autumn (for 1941-1970)
1990 annual cycle (particularly for mean temperature) doesand its response patterns as in Fig. 3. This CT shows an

20

15

10

Daily normals - deg. C.
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Fig. 3. Response of European surface temperatures, DTR and precipitation to CT1 for Summer (1911-1940). The top left panel shows
the absolute MSLP values for the CT (coloured) with the anomaly from 1961-1990 shown by the contour lines. Dotted/solid lines are
positive/negative anomalies at 2hPa intervals. The dashed line shows the zero anomaly. The top right panel shows the precipitation respons
to days of the CT. Yellow/orange dots indicate above/below normal precipitation, while green/brown indicate statistically significant (95%
level) above/below normal precipitation. The bottom two panels are for mean temperature (left) and DTR (right). Here above/below normal
temperatures and DTR are indicated by pink/light blue dots, while statistically significant departures are given in red/dark blue. Contour
intervals for mean temperature and DTR are dashed lines (positive) and dotted lines (negative) and the zero line is dash/dot. For precipitation
above normal values (200%) are dashed while below normal values (50%) are dotted, with normal (100%) dash/dot. Grey shaded areas ar
outside the range of the stations.

anomalous and deep low centred over the Gulf of Finland to-into western Russia. DTR is enhanced around the Mediter-
gether with higher than normal pressures over the Atlanticranean, Black and Caspian Sea regions. Precipitation is re-
Ocean west of Ireland. This pattern would bring enhancedduced over the British Isles, western France, Iberia and much
northerlies over western Europe and enhanced southerliesf the region around the Mediterranean, Black and Caspian
over the Ukraine and western Russia. As expected thenSeas. This pattern is similar in the other two periods (1911
mean temperatures are reduced in western Europe from940 and 1941-1970, not shown, but see Supplementary In-
Scandinavia to the northwestern Mediterranean, while theyformation).

are enhanced from the Black Sea northwards and eastwards.
The response patterns are a little different for DTR and pre-
cipitation. For this CT the response patterns are similar bu
inverse for these two variables, showing the relationship tha
is linked to more clouds (so higher precipitation) and vice
versa. DTR is reduced over central Europe encompassin

Figures 3-5 are just a small percentage of the plots pro-
uced in this study (see full set in the Supplementary Infor-
fnation). They show that for the three CTs illustrated, very
similar patterns of mean temperature, DTR and precipita-
gon occurred in all three periods. Next we discuss a num-

the Low Countries, Germany, Poland and the Baltic States; er of the small-scale features evident on many of the maps.
Precipitation is increased over this same region, but the are the figures shown there are a number of instances where

with significantly increased precipitation extends further eastc/0Sely located sites respond differently in the mean tem-
perature, DTR or precipitation maps. More closely-located
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Fig. 4. As Fig. 3 but for Spring CT4 for 1971-2000.

sites respond differently in the DTR maps compared to those We now return to the two questions posed in the introduc-
for mean temperature and precipitation. This is initially sug- tory sections. These were (1) do the response patterns to the
gestive of homogeneity issues at some sites. It is extremelyarious CTs change between the three periods 1911-1940,
difficult to ensure good homogeneity of daily maximum and 1941-1970 and 1971-2000 and (2) do the CTs explain any of
minimum temperature records, and hence DTR. Most aspectthe longer timescale variance of average temperature change
that cause discontinuities in temperature records will affectacross the large region studied? We address the first question
maximum and minimum temperature differently, so will can- by counting the number of positive and negative and then sig-
cel when mean temperature is considered, but the effect wilhificantly positive/negative responses at the sites across Eu-
be amplified in DTR. Although homogeneity for DTR may rope. We express these counts as percentages as the number
be an issue in some cases, there are nhumerous examplefavailable sites across Europe differs (see earlier) for the
where the closely-located sites respond differently in all threethree periods and is also different between variables.
30-year periods. The sites are often located, (1) on the coast
with the neighbouring site more inland; (2) markedly differ-  Figure 6 shows summary diagrams for the four seasons.
ent elevations within mountain regions and; (3) being locatedWe show these plots for the three variables (precipitation,
on different sides of major mountain ranges (particularly themean temperature and DTR). These plots present a lot of in-
Alps). Depending on the wind directions associated with theformation. The top panels (for precipitation) for each season
CTs there can be marked differences either side of mountainshow which patterns generally bring wetter and which drier
(see Fig. 5 for precipitation and DTR), which clearly relate to conditions to the greater European region. The middle and
windward and leeward sides and rain shadows. Away fromlower panels (for mean temperature and DTR respectively)
major highland areas (e.g. the North European Plain) the reshow similar information for warmth or coldness across the
sponses of the sites tend to have hardly any closely-locatethrge region. We begin by discussing the precipitation panels
sites responding differently. first, beginning with winter. Averaged over Europe, we can
see which CTs give significantly above normal precipitation
(CTs 4 and 5) at more than half the sites (in at least one of the
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1014.1018
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Fig. 5. As Fig. 3 but for Autumn CT3 for 1941-1970.

periods) and which give significantly below normal (CTs 2, departures. For DTR, there are no dominant patterns with
3, and 6). For the three periods, however, there is little differ-the closest to our significance criterion (more than half the
ence in the percentage of significantly positive/negative sitestations significant with the same sign of departure) being
between the three periods. For spring, the dominant wet pat€T1 in summer.
tern is CT 4, with CT 6 dominantly dry. For summer, there  For the precipitation and DTR panels in comparison to the
are no dominant wet or dry patterns. For autumn, the domimean temperature panels, there is a greater spread of the red,
nant wet pattern is CT 6, with the dominant dry pattern beingplack and blue lines. This implies that there are a large num-
CT 4. For all three seasons as with winter, there is little dif- per of stations (25-50% depending on the CT) where there
ference between the three periods. is either more or less precipitation/DTR, but the amount isn't
For the mean temperature panel, for all four seasons, thergignificant. For the mean temperature panel in winter the
are more patterns (as expected) which are dominantly coospread is smaller with only 10-20% of stations for all CTs
or warm than evident for precipitation (so affecting at leastnot having statistically significant anomalies for each CT.
half the sites, in one of the periods, across the large Europeahhis spread is wider for the other seasons for mean tem-
region). For winter, there are four dominant warm patternsperature, slightly larger for summer compared to spring and
(CTs 1, 4, 5and 9) and three which are dominantly cool (CTsautumn. This shows that patterns of mean temperature de
2,7 and 8). For spring, there are two dominant warm patterngartures are more organized than for precipitation and DTR,
(CTs 7 and 10) with two dominant cool patterns (CTs 1 andespecially so in winter compared to summer. This is evident
4). For summer, CT1 is a dominant warm pattern and CT2from the number of patterns which are dominated by one sign
cool. For autumn, CTs 5 and 6 are dominantly warm and CT<Pf the temperature or precipitation anomaly.
4 and 7 cool. Unlike precipitation though, the solid lines The second question has already been partly addressed for
(for the 1971-2000 period) tend to be slightly above thosemean temperature by Philipp et al. (2007) in their Fig. 9. In
(indicating warming) for the other periods for many of the this they compare observed changes in temperature for all
CTs in all seasons except autumn. This is clearer for thfour seasons over the central part of our domain (Central Eu-
black lines, whereby we distinguish positive from negative rope, 45-55N by 5-20 E) with estimates of changes from
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Fig. 6. Summary plots of the overall response of precipitation, surface temperature and DTR for each of the three periods (1911-1940,
1941-1970 and 1971-2000). Winter and Spring are on the left side, with Summer and Autumn on the right. The plots show the percent of
stations with positive (warm/greater for mean temperature/DTR, left axis) and negative (cold/lesser for mean temperature/DTR, right axis)
anomalies for the three periods (shown by different line styles). For precipitation the red/blue is reversed, so red indicates drier than normal
and blue wetter than normal. The red/blue lines indicate the percentage of stations with statistically significant departures in the same three
line styles.

regression against the counts of the various CTs in each dfemperature, precipitation and DTR across Greater Europe.
the seasons. In all seasons, though, the circulation explaing/e use the recently developed classification scheme from
much of the high-frequency temperature variance, implyingPhilipp et al. (2007) which reduces daily surface pressure
that the underlying warming would be more statistically sig- maps into 6 to 11 patterns depending on the season. For sur-
nificant if the circulation component were extracted. Only face temperature and precipitation data we use long daily se-
in spring (95%) and autumn (90%) did the trend of the cir- ries (extending from 1911-2000) developed during the EM-
culation component of temperature increase over their studyJLATE and ECA&D projects. We reduce all station series
period (1851/2000-2003). Circulation-related temperatureto anomalies from a specifically developed annual cycle for
trends in spring and summer are slightly negative. This find-each station. For each of the 34 CTs (grouping all four sea-
ing is in agreement with Osborn and Jones (2000) and varsons together) we plot anomaly maps of mean temperature,
Oldenburgh and van Ulden (2003), so we don't pursue thisDTR and precipitation for all days of each CT within the
any further. three periods, 191140, 194170 and 1971-2000. We assess
the significance of the average maps using Monte Carlo pro-

cedures.

5 Conclusions
The results reveal that across Greater Europe there are

The aims of this paper have been to look at the possiblelominant warm and cold patterns for temperature, where
changing influence of the atmospheric circulation on surfacemore than half the station locations show significantly

Clim. Past, 5, 259267, 2009 www.clim-past.net/5/259/2009/



P. D. Jones and D. H. Lister: The influence of the circulation over Europe

positive or negative departures.
scribed as dominantly wet or dry when it came to precip-
itation and even fewer with dominantly high or low DTR.

267

Fewer CTs could be dedones, P. D., Horton, E. B., Folland, C. K., Hulme, M., and Parker,

D. E.: The use of indices to identify changes in climatic ex-
tremes, Clim. Change, 42, 131-149, 1999.

Finally, we addressed the question of whether the circulation)ones; P. D., Osborn, T. J., and Briffa, K. R.: Pressure-based mea-

influence of these CTs has changed during the three periods.
For mean temperature, particularly for winter and to a lesser
extent spring and summer, there was evidence of more of the

sures of the NAO: A comparison and an assessment of changes
in the strength of the NAO and in its influence on surface climate
parameters, in: North Atlantic Oscillation, edited by: Hurrell, J.
W., Kushnir, Y., Ottersen, G., and Visbeck, M., American Geo-

CTs indicating warmer temperatures during the most recent physical Union. Washington DC, 51-62, 2003,

period. For precipitation and DTR, and also mean tempera- ok, L. and Klein Tank, A. M. G.: Updated and extended Euro-
tures in autumn, there was less evidence of changes occurring pean dataset of daily climate observations, Int. J. Climatol., 29,

between the three periods.
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