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2

E X PL A I N I N G  T HE CLIM A T E O F  T HE 
BRI TISH ISLES 

Trevor Davies, P. Mick Kelly and Tim Osborn

It’s a warm wind, the west wind, fu ll of birds' cries.

Jo h n  M asefield, ‘T h e  W est W in d ’

IN TRO D U C TIO N

T he clim ate o f  the B ritish Isles is the  cum ulative 
result o f each day s wearher. T he w eather on a partic-
u lar day depends on the character o f the atm ospheric 
circulation  over the Islands and on the sy n o p tic  
sy s tem  -  d e p re s s io n  or an tic y c lo n e  affecting the 
region: in o ther w ords, the overall weather type’ (see 
C haptcr 8). T he nature o f  the  w inds and the  char-
acter o f  the  synoptic system depend, in tu rn , on the 
interactions betw een the atm osphere, the  oceans and 
the  land surface a t every o ther p o in t on the globe.

T he w eather experienced a t a particu lar location in 
the British Isles is a function o f the  precise part o f the 
synoptic system w hich is overhead at the tim e and of 
local influences. The w eather associated w ith  a partic-
ular synoptic system  (which has a typical horizontal 
scale o f 1 -2 ,0 0 0  km ) can have im portan t variations on 
scales o f  1 0 -1 0 0  km . T he w eather w hich is ‘delivered’ 
to  the  B ritish Isles by the  synoptic system s is, in tu rn , 
m odified by the underly ing  surface: high land may 
enhance the p recip ita tion  process (see C hapter 3); 
different land surfaces will react to incom ing solar 
radiation in different ways, affecting the near-surface 
air tem perature; local circulations (on rhe scale o f one 
to  a few tens o f km ) can be affected by topography or 
by the d iscon tinu ity  across a coastal zone. Local effects 
such as these can exert a strong influence on the 
c lim ate  experienced by particu lar places.

T he processes which produce the B ritish clim are 
are therefore enorm ously complex. T here are in ter-
actions on all space- and time-scales. Consequently, 
it is over-sim plistic to a ttem p t to define a ‘beg in-
n in g ’ and an ‘e n d ’ to the various interplays of factors. 
The p icture gets even more complex when one 
considers th a t the nature o f the  interactions in the 
land-atm osphere-ocean  system varies over tim e. 
T his is e ither because of natural variability internal 
to the system , or because of outside ‘forcings’, such 
as variations in the receipt o f  solar radiation a t the 
top  o f  the atm osphere, or changes in the  com posi-
tion o f the atm osphere because o f volcanic activity  
or a n th ro p o g e n ic  gas emissions.

H aving m ade these cautionary remarks, we will 
consider in th is chapter the m ost im portant processes 
affecting the  clim ate o f the B ritish Isles sequentially, 
from the global to the  local scale -  and thereby run 
the risk o f over-simplification. W e start by consid-
ering  the m anner in which global clim ate is shaped 
by the  planetary-scale atm ospheric circulation, or 
‘general c irculation’. T he general circulation of the 
atm osphere takes the form it  does because of the  way 
energy from the Sun is d istribu ted  and utilised, 
because the Earth rotates, and because o f the partic -
ular geographical pattern  and orography o f the land 
and ocean basins. W e first look a t the radiation and 
consequent heat budgets o f the  surface-atm osphere 
system , the driv ing force behind the w ind systems
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Planetary Albedo 33% I— I Incoming solar
^ ^  I I radiation 100%

3%  25%  5%  ToP of Atmosphere

of the E arth .1 Later sections look a t links betw een 
c lim ate and the oceans and at local-scale influences 
on clim ate.

GLOBAL - SC ALE RA DIA TIO N A N D  HEAT 
BALA N CES

T he m ain  source of energy available to the planet is 
the Sun. R adiation  em itted  by the Sun is short in 
w avelength. Around 33 per cent of the solar radiation 
which is received by the p lanet from the Sun is scat-
tered back to space (see Figure 2.1). T he fraction lost 
in this way is called the  planetary a lb ed o . Most o f 
the  scattering  occurs in the  atm osphere, predom i-
nantly  by clouds. T he E arth ’s surface con tribu tion  to 
the planetary albedo is sm all. T here are, however, con-
siderable geographical differences in surface albedo -  
desert albedos are generally g reater than those of 
forests and snow has a h igh  albedo, as does water 
when the  Sun angle is low. T he atm osphere (gases, 
clouds and dust) absorbs about 22 per cent o f  the 
incom ing solar radiation, leaving 45 per cent of 
the  original received solar radiation to arrive at the 
E arth ’s surface, where it is absorbed.

T he E arth ’s surface also receives radiation from 
the atm osphere, where the solar radiation has been 
absorbed and re-em itted  as longwave radia tion .2 
T his longwave radiation is also absorbed at the 
E arth ’s surface. A t the surface and in the  atm osphere 
there is therefore a complex p a tte rn  o f  longwave 
radiation absorption, emission, re-absorption and re- 
emission.

An issue of considerable current concern is the 
change in concentration o f the  so-called ‘greenhouse 
gases’ in the  atm osphere because of hum an activi-
ties. These greenhouse gases are the constituen ts o f 
the atm osphere which play the im portan t role 
o f absorbing longwave terrestrial radiation (while not 
interfering significantly w ith  the incom ing solar 
radiation) thereby trapp ing  heat near the  E arth ’s 
surface. This g re e n h o u se  e ffec t m aintains tem per-
atures which m ake the planet habitable; w ithout it 
the  E arth ’s surface would be m uch colder than  it is. 
An increase in the concentrations o f greenhouse gases 
should lead to significant global warm ing. This 
enhanced greenhouse effect is likely to changc global 
clim ate, and the clim atc o f  the B ritish Isles, in 
im portan t ways. T his issue is addressed at some 
lengrh in C hapter 15, bu t we will neglect it for now
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4>

°N  L a titu d e  °S

Figure 2.2 (a) Latitudinal averages of solar radiation (S) 
and longwave (terrestrial) radiation (T), and (b) latitudinal 
averages of net planetary radiation (Np) net radiation at the 
Earth’s surface (NR), and net radiation to the atmosphere 
(Na). Adapted from Mcllveen (1992) (see p. 32 note 13).

as we a tte m p t to explain the atm ospheric processes 
which give the Islands’ ‘norm al’ clim atc its essential 
character.

A lthough  the  net radiation (the difference between 
the incom ing radiation and the ou tgo ing  radiation) 
for the p lanet as a whole is zero, th is is not the case at 
all latitudes; neither is it the case for the  atm osphere 
and the  E arth ’s surface separately. For now, we shall 
ignore geographical variations, and only consider the 
radiation budget for the p lanet averaged over all lines 
o f longitude from 90°N  to 90°S. T his gives us a

globally averaged latitud ina l d istribu tion . Since the 
Sun’s overhead position traverses between the  Tropics 
o f Capricorn (23.45°S) and Cancer (23.45°N ), the 
inpu t o f  solar radiation is at a m axim um  in equatorial 
latitudes. The low Sun angle towards the Poles, and 
the greater albedo of snow and ice, means th a t the 
inpu t o f solar radiation at the  surface is m uch sm aller 
at these high latitudes (Figure 2.2a). T he em ission of 
longwave radiation shows a sm aller latitud inal varia-
tion and exceeds the solar energy in p u t outside tro p i-
cal latitudes. The resulting  planetary net radiation 
d istribu tion  (Figure 2.2b) is positive between 30°N 
and 40°S and negative at h igher latitudes. T he general 
circulation of the  atm osphere and the  oceans is driven 
by this latitud ina l energy imbalance and it serves to 
transport heat polewards.

W hen we consider the net radiation d istribu tion  
for the atm osphere (Figure 2.2b), we see that the 
values arc negative at all latitudes. In term s o f radiant 
energy, the  atm osphere is cooling at a rate equiva-
lent to about 0 .8CC per day. This radiational cooling 
is offset by the transfer o f energy from the E arth ’s 
surface w hich experiences positive net radiation at 
practically all latitudes (Figure 2.2b). T his transfer 
is effected th rough  the c o n v ec tio n  o f se n sib le  h ea t 
and the release o f la te n t  h e a t th rough  the  con-
densation of water vapour w hich was evaporated 
from the  surface. G lobally, latent heat transfer from 
the surface to the atm osphere is around four tim es 
more im portan t than the convection of sensible 
heat, a lthough  there are large latitud inal variations. 
For exam ple, near the E quator sensible heat accounts 
for only around 5 per cent o f the total vertical 
heat transfer from surface to atm osphere, and yet at 
70°N  it accounts for about onc-half o f  the total 
transfer.

In term s of polewards heat a d v ec tio n  in the 
atm osphere, however, sensible heat transport is more 
im portan t than th a t o f latent heat. T h is indicates 
th a t m ost water vapour re-condenses in the  atm os-
phere in m uch the same latitud inal zone as it was 
evaporated from the E arth ’s surface. M ore than  half 
o f the atm osphere’s sensible heat originates in the 
global atm ospheric ‘eng ine’: the tropical rain belt 
(between around ()—10°N). Polewards sensible heat
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Figure 2.3 Two examples of infra-red satellite images o f the British Isles showing the contrast between (above) winter, 
27 February 1986, when the cold land shows light against a warm sea, and (p. 15) summer, 16 May 1980, when the 
warm land shows dark against the colder sea. The land surface cools and warms much more rapidly than the ocean 
surface because of its lower heat capacity. Images courtesy of the University of Dundee.

transfer ex h ib its  a d o ub le  m ax im u m  in  each h em i-
sphere; polew ards o f  th e  tropical ra in  b e lt a t around 
20°N  and  S, and again  a t around  5 0 -6 0 °N  and  S in 
response to condensation  o f w ater vapour in th e  m id - 
la titu d e  cyclonic s to rm  belts. O cean cu rren ts account 
for around  o n e -th ird  o f th e  polew ards sensible heat 
tran sp o rt.

T h u s far, we have considered annual energy d is tr i-
b u tio n s averaged over la titu d e . T here  are im p o rtan t 
seasonal and geographical variations. W e shall com e 
back to  these late r b u t, a t th is  p o in t, som e im p o rtan t 
features will be in troduced . T he sp e c if ic  h e a t  c a p a c -
ity  o f land surfaces is m u ch  less th an  th a t o f  th e  oceans 
(F igure  2 .3), so th e  a d ju s tm en t tim e  of th e  oceans to
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Figure 2.3 Continued

any changc in energy in p u t is greater than  of the  land. 
Moreover, unlike  the  land, the oceans can transport 
heat, so sea -su rface  te m p e ra tu re s  are not related in 
a sim ple way to  the energy balance. Figure 2.4 , w hich 
illustrates the annual range in tem perature a t the 
E arth ’s surface, clearly reflects the large-scale land/sea 
d is tribu tion . T he annual tem perature range in the 
in terio r o f  the high  northern  continents approaches, 
or exceeds, 50°C. T he sea-surface tem perature range

is m uch sm aller than the range over land and reflects 
the ocean circulations. T he m oderating influence 
of the N o rth  A tlantic  D rift stretching over to the 
British Isles, for exam ple, is m ost pronounced. The 
greater ad justm ent tim e o f the oceans means that 
m axim um  and m in im um  sea-surface tem peratures 
lag the  solstices by around six weeks. B athing in the 
sea around the B ritish Isles is most pleasurable late in 
the sum m er.
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Figure 2.4 Average annual temperature range at the Earth’s surface (°C). The annual temperature range is the differ-
ence in mean surface air temperature between the warmest and coldest months. Adapted from Wallace and Hobbs 
(1977).

THE GEN ERA L CIRC ULA TIO N

Early conceptualisations o f  the general circulation of 
the  atm osphere took the energy im balance betw een 
equator and pole as a sta rtin g  po in t. They then 
focused on variants o f  a single, large-scale therm ally 
driven circulation  cell in both  hem ispheres -  w ith  a 
rising lim b in tropical latitudes, descent in h igher 
latitudes, and a re tu rn  flow near the  surface -  as 
a m eans of redressing the  imbalance. Such a large 
convective cell, w ith  one d im ension m uch more 
extensive than  the  other, is not stable. Im proved 
observations, coupled w ith  b e tte r understanding of 
the  w orkings o f a very th in  atm ospheric skin on 
a ro ta ting  E arth, produced a latitud ina l conceptual-
isation w hich looks som ething like the  scheme 
shown on the righ t-hand  side o f  the hem isphere in 
Figure 2.5.

In tropical latitudes there is the so-called Hadley 
Cell, named after the e igh teen th-cen tury  English 
scientist, George Hadley. The Ilad ley  Cell can be 
viewed as a therm ally d irect cell, a lthough  m uch of 
the upw ards energy transport near the Equator is

concentrated over a relatively sm all area in vertically 
extensive convective cloud clusters. A zone of rapidly 
m oving air, the subtropical jet stream , travelling 
w est-to-east, is located near the tro p o p a u se  at 
around 30°. T h is results from a need to conserve 
a n g u la r  m o m e n tu m  as air moves from the Equator 
to regions closer to the Earth's rotational axis. Ju s t 
beneath the tropopause in m id-la titudes is another 
zone o f air m oving rapidly from w est-to-east -  the 
polar front jet stream . T his m id -la titude  jet stream  
is a consequence o f the strong therm al grad ien t in 
the vicinity  o f the  p o la r  f ro n t, a transitional zone 
between the relatively cold tropospheric a ir  m asses 
o f h igh latitudes and the relatively warm air masses 
o f subtropical latitudes. T he latitudes where the 
polar front occurs represent an area o f s la n t-
w ise  co n v ec tio n , interleaves o f descending cold air 
m oving equatorw ards and ascending warm  air 
m oving polewards. These are the latitudes o f travel-
ling cyclones and anticyclones, synoptic systems 
w hich play a crucial part in the m aintenance o f the 
atm ospheric general c irculation, and in shaping 
the clim atc o f the B ritish Isles.
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Figure 2.3 A latitudinal cross-scction of the general circulation of the atmosphere (at right-hand side). STJ and PFJ 
are the Sub Tropical and Polar Front Je t streams embedded in the broad zone ot westerly flow (see left-hand side). The 
tropopause (left-hand side) is the top of that part o f the atmosphere where weather systems occur, representing a lid’ 
on the troposphere, although there is some exchange with the stra tosphere  above. A schematic of the airflow at the 
Earth’s surface is also shown, indicating that the Polar Front is heavily perturbed on a day-to-day basis, and that even 
in the broad band of westerlies, airflow' with an easterly component does occur. The surface easterlies in tropical latitudes 
arc the trade winds.

T h e  average annual la titu d in a l d is tr ib u tio n  o f 
evaporation  and  p rec ip ita tio n  (F igure  2.6) confirm s 
th e  role o f  th e  trop ical H adley  C ell and th e  m id -
la titu d e  cyclones, in bo th  hem ispheres, in g lobal 
a tm ospheric  energy tran sp o rt. T he sub trop ica l dry 
zones (w here evaporation  is g rea te r  th an  p rec ip ita -
tio n ) correspond w ith  the  su b sid in g  and equator- 
w ard m oving  p a rts  o f the  H adley  C ell circulations. 
T hese p rov ide  a tm ospheric  m o istu re  tran sp o rt in to  
the  trop ical ‘e n g in e ’, w here u p lift p roduces con d en -
sation  (releasing la ten t heat) and p rec ip ita tio n . T he 
re la tively  w et m id -la titu d es  are th e  zones o f h igh  
cyclone frequency, w here fron tal u p lift leads to  con-
densa tion  o f w ater vapour evaporated from  the  ocean 
surfaces.

T h e  E arth  ro ta tes w est-to -east and , because the  
a tm osphere  c lings to  th e  E arth , it ro ta tes w ith  it. 
W h en  view ed from  th e  E a r th s  surface, however, 
som e w inds travel from  east-to -w est (i.e., they  are 
easterly  re la tive  to  an observer a t th e  surface). In

absolute term s, they  are ro ta tin g  in a w est-to-east 
sense a t a rate  w hich is slow er than  th a t o f  the  Earth 's 
surface. In broad term s easterlies occur in the  la ti-
tu d es o f  the  lower lim bs o f th e  tropical H adley  Cells 
and in a narrow er la titu d in a l band o f th e ir  up p er 
lim bs; and restric ted  regions o f h ig h  la titu d es -  see 
F igu re  2.5. O n  the  o th er hand, o f  course, the  w est-
erlies arc ro ta tin g  w est-to -east a t a ra te  w hich  is 
faster th an  th a t o f the  Earth 's surface. T h e  drag  o f 
the E arth ’s surface extracts ang u la r m o m en tu m  from  
the w esterlies. In order to  keep b low ing , there  m ust 
be a reliable m echanism  to in ject ang u la r m o m en tu m  
in to  th e  w esterlies from  th e  easterlies, w hich  have 
an g u la r m o m en tu m  fed in to  th em  from  the  E arth ’s 
surface.

In tropical la titu d es, th e  H adley  Cell plays an 
im p o rtan t role in th is  polew ard  an gu lar m om en -
tu m  tran sp o rt. In m id -la titu d es , however, it is the  
cyclones, and th e  waves in the  w esterlies associated 
w ith  th em , w hich p lay  th e  im p o rtan t role in th e
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L a t i t u d e

Figure 2.6 The average latitudinal distribution of precip-
itation (P) and evaporation (E) in mm per year.

polew ard transport o f angular m om entum . They 
accom plish th is by exchanging air w ith  a stronger 
westerly com ponent (m oving polewards) w ith  air 
w ith a weaker westerly com ponent (equatorwards). 
I t  has been calculated th a t five sim ultaneous well- 
developed m id -la titu d e  cyclones can provide all the 
necessary angular m om entum  transport required in 
w inter. Since sim ilar calculations lead to sim ilar 
conclusions about polew ard heat transport, it is clear 
th a t the  m id -la titu d e  cyclone be lt is a crucial feature 
o f the  general c irculation  of the  atm osphere. Since 
it also determ ines the  character o f  the clim atc o f  the 
B ritish Isles, it is appropriate  th a t we examine 
the m id -la titude  westerlies a little  m ore closcly.

The westerlies

In the following discussion, we shall focus on the 
N o rth e rn  H em isphere. M uch is also pertinen t to 
the  Southern H em isphere, although  the  contrasting  
land and sea d istribu tions of the two hem ispheres do

result in some differences. In  the  N orthern  H em i-
sphere, the subtropical jet stream  and the polar front 
jet stream  represent the zones o f  strongest flow 
w ith in  the broad band of m id-la titude  westerlies. 
The westerlies arc more vigorous and extensive in 
w inter; their k inetic energy (that energy due to 
m otion) is three tim es greater in w in ter than  in 
sum m er. The flow in the upper westerlies can be 
particularly  strong, w ith  w ind speeds up to 140 m s"1 
near the top  o f the tro p o sp h e re . This represents a 
jet stream  in the s tric t sense o f the term  which says 
th a t jet stream s should be characterised by wind 
speeds o f 30 m s-1 or above. T he term  is also used 
more loosely to describe the locally stronger flow of 
the subtropical and polar front jet streams.

A prom inent feature o f the westerlies is their 
wave-like form. The wave pa tte rn  is m ore notice-
able, and sim pler, away from the  surface. T he 500 
h P a  p re s su re  level (at a heigh t o f around 5.5 km 
at the latitude  of the B ritish Isles) is com m only used 
to describe the free atm osphere westerlies, although 
w ind speeds are greater at h igher levels. O n a day- 
to-day basis the flow can be very complex, b u t if  the 
flow is averaged over a few days there tends to be 
five waves in the  westerlies encircling the N orthern  
Hem isphere. Waves w ith  this sort o f wavelength are 
called planetary waves. I f  the averaging period is 
increased to seasonal tim e-scalcs, then the  further 
sm oothing produces three waves in the N orthern  
H em isphere w inter and four in the sum m er (Figure 
2.7). T he changeover from the  w inter to sum m er 
westerly pa ttern  occurs relatively abrup tly  around 
Ju n e  and back again, equally abruptly, around 
O ctober (see C hapter 8). There is a general relation-
ship between westerly vigour and the num ber o f  
planetary waves, even over shorter periods. The 
stronger the westerly (or zonal) flow, the  sm aller the 
num ber of planetary waves.

In reality, the planetary waves d rift slowly east-
wards, b u t statistical sm oothing h igh ligh ts the m ajor 
regions o f  occurrence. T he m ain planetary wave 
tro u g h s  are situated  over eastern N o rth  Am erica 
and over the east coast of Asia. These troughs are 
especially pronounced in w inter. A weaker planetary 
wave trough is located over Europe, between about
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Figure 2.1 Average height (tens of metres) of the 500 hPa surface in January (left) and July (right). The mid-latitude 
westerlies blow' parallel to the contours -  the closer the contour spacing the stronger the wind. Dashed hold lines indi-
cate the average position of ridges, continuous bold lines the position of troughs.

10-60°E . T he position and streng th  of th is European 
trough  are m uch more variable than are those o f the 
N o rth  Am erican and East Asian troughs, which have 
more anchored positions. T he European trough is very 
sensitive to changes in the westerly circulation. T his 
is an im po rtan t characteristic for the European and 
B ritish clim ate since, as we shall see later, the  overly-
ing  westerly waves exert a strong control on surface 
wearher patterns. It is o f some in terest th a t the  aver-
age position  of the European trough  axis, when 
averaged by decade, has varied by as m uch as 20° 
longitude over the last 200 years. A planetary wave

crest (rid g e) is located to the west o f  the  European 
trough , w ith  a position somewhere between 10°E and 
30°W. This ridge is less discernible in sum m er.

The preferred positions o f the planetary waves owe 
m uch to the continental d istribu tions o f  land masses 
and to the presence o f m ajor m ountain  ranges. 
Experim ents using dishpans to m odel the E a rth -  
atm osphere system have replicated some of the m ajor 
features o f the general circulation w ithout an under-
lying topography (see Box 2.1). The nature o f the 
underlying surface, however, strongly conditions 
the  location and character o f the  planetary waves.

BO X 2.1 DISHPA N  EXPERIMEN TS

Dishpans are physical m odels o f the E arth -atm os- 
phere system , so named because the Earth is m od-
elled by a d ishpan and the  atm osphere is m odelled 
by a fluid contained therein. A tem perature 
grad ien t is applied across the d ishpan (the  outside

representing the  ’equator’ and the  centre the 
‘pole’) and the  d ishpan is rotated. T he resulting 
circulation of the fluid reproduces m any features 
observed in the atm osphere, including the west-
erly planetary waves (as well as circulations which 
resem ble cyclones and anticyclones). T he dishpan 
models do not have the  equivalent o f  m ountain
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ranges or land masses, so the planetary waves and 
other circulation features form as a consequence of  
a pole-equator temperature gradient impressed on 
a rotating fluid system, irrespective o f the under-
lying topography. Nevertheless, in the real 
Earth-atmosphere system, it is obvious that the 
location and precise character o f the planetary 
waves are strongly conditioned by the nature of  
the underlying surface. Before we return to the 
real atmosphere, it is worth pointing out another 
aspect o f dishpan circulation behaviour that is

analogous to observed behaviour in the atmos-
phere. Some dishpan experiments exhibit semi- 
regular fluctuations in the westerly wavelength 
and amplitude. The real atmosphere also tends to 
demonstrate this type o f behaviour; the so-called 
(Zonal) Index Cycle which, typically, spans several 
weeks. One extreme is strong westerly flow (high 
Zonal Index) with small amplitude waves; the 
other extreme is weaker westerly flow with large 
amplitude waves producing more north-to-south 
and south-to-north (meridional) flow.

An im portan t property o f atm ospheric circulations 
is v o rtic ity , w hich is a m easure o f sp in  w ith in  a 
fluid. If  we assum e that an airstream , flowing west- 
to-east, is approaching a large m ountain  barrier, such 
as the  N o rth  Am erican Rockies, then as it is forced 
to rise over the m ountain  range and since the 
tropopause acts as a sort o f  ‘l id ’, it  becomes verti-
cally squeezed as it passes over the peaks. M eteor-
ology textbooks show m athem atically  th a t there are 
im portan t links betw een vertical squeezing (and 
stre tch ing) and vorticity. In our case, it leads to a 
decrease in the  vorticity  o f the airstream  w hich in 
the  N orthern  H em isphere represents a clockwise 
tu rn in g  -  anticyclonic curvature. As it passes over 
the  m ountain  barrier, therefore, the  air starts to  tu rn  
equatorw ards. As the  air flows beyond the m ountain 
barrier, however, it is allowed to  stretch  vertically. 
T h is now leads to an increase in vorticity, which 
in the N o rth e rn  H em isphere leads to  anticlock-
wise tu rn in g  -  cyclonic curvature. T he result is a 
(cyclonic) trough  in the westerlies in the lee o f the 
m ountains. T his explains the anchoring o f a p ron-
ounced wave trough  in the westerlies over eastern 
N o rth  Am erica (Figure 2.7).

O nce such a large-scale wave has been in itiated , 
there are good reasons why a wave form should 
be m aintained dow nstream . In large-scale m otion , at 
m id-troposphere levels (around 5 0 0 -6 0 0  hPa), there 
is a need to  conserve absolute vorticity. T his is the 
sum  of atm ospheric vorticity  and the local vorticity

o f the E arth ’s surface (the Earth is ‘sp in n in g ’ 
and therefore has vorticity). The local value o f 
the  vorticity  o f the E arth ’s surface is known as the 
C orio lis  p a ra m e te r  (named after G ustave-G aspard 
Coriolis, see C hapter 14) and is proportional to  the 
sine of the latitude. It is therefore at a m in im um  at 
the  Equator and a m axim um  at the poles. T he large- 
scale westerly m otion downstream  o f the N orth  
Am erican trough has a poleward com ponent; hence 
the  Coriolis param eter is increasing. To m aintain 
absolute vorticity, the  atm ospheric vorticity  m ust 
decrease. T he airstream  starts to take on increasing 
anticyclonic curvature, eventually tu rn in g  th rough  a 
ridge, and so eventually tak ing  on an equatorward 
com ponent. Now the Coriolis param eter is decreas-
ing and absolute vorticity m ust be conserved by the 
atm osphere adopting  more cyclonic curvature. T his 
downstream  oscillation would continue indefinitely 
in the absence of any other factors and explains the 
point made above th a t the N o rth  Am erican trough 
largely controls the behaviour o f the European 
trough. In reality, o ther factors do come in to  play 
and the character o f dow nstream  waves is influenced 
by, for exam ple, surface tem perature patterns.

Cyclone waves in the westerlies

O n a day-to-day basis, the  sm oothed planetary wave 
pa ttern  is obscured by the supcrim position o f sm aller 
wavy perturbations which appear, grow  and decay



E X P L A I N I N G  T H E  C LI M A T E  O F  T H E  BRI T IS H  ISL ES

Figure 2.8  Schematic representation of the development of a cyclone wave. The heavier lines represent the flow at upper 
levels, with the heaviest line showing the most rapidly moving air. The frontal depression at the surface is denoted by 
the warm (semi-circles) and cold (triangles) fronts and by the lightest lines which represent the surface isobars (lines 
of constant atmospheric pressure). Adapted from Mcliveen (1992) (see p. 32 Note 13).

over a few days. T hese waves are the  resu lt o f  in -
stab ilitie s  in th e  sm o o th , p lanetary  flow and they 
generally  p ro p ag ate  rap id ly  eastw ards, apparen tly  
steered  by th e  flow in th e  p lane tary  waves, a t a rate 
o f ab o u t 1 0 -1 2 °  lo n g itu d e  per day. Typically, the ir 
a m p litu d e  increases by a factor o f  tw o to  th ree  over 
a couple  o f  days. T h e ir  w aveleng th  is o f  th e  o rd er o f 
3 -6 ,0 0 0  km ; so rhe n u m b er o f  waves around  the 
hem isphere  is betw een  6 and 10. T hese unstab le  
p e rtu rb a tio n s  are know n as b a ro e l in ic  w a v es , or 
cyclone waves. O n e  o f the  m ost im p o rta n t destab il-
ising  factors responsib le for these waves is the 
m arked  increase o f  w ind  speed w ith  h e ig h t in 
th e  po lar fro n t jet stream  zone. T h is , com bined  w ith  
th e  stro n g  horizon tal tem p era tu re  g rad ien ts  concen-
tra ted  in to  th is  zone, p roduces th e  sort o f  in stab ility  
w hich  leads to  cyclone wave developm ent.

F igu re  2 .8  show s th e  developm en t of a cyclone 
wave a t th e  level o f  th e  po lar fro n t jet stream  and 
its  associated frontal depression  a t the  E arth  s surface. 
In o rd er for these cyclone waves to  grow , rhe k in etic  
energy o f  th e  wave m u st increase. T he k inetic  energy 
is m ade available by w arm  air rising  and  cold air 
sin k in g . T h e  u p s lid in g  o f  w arm  air, exchang ing  w ith  
th e  d o w n slid in g  o f cold a ir across th e  po lar front 
zone, takes place a long  a slope o f  only around  1°. 
T he horizon tal and vertical tem p era tu re  g rad ien ts  in 
th is  zone are such , however, th a t they  m ake the

conversion o f  po ten tia l energy (dependen t on the  
relative positions o f  w arm  and cold air) to  k inetic  
energy m ore effective than  th e  very shallow  slope ol 
th e  exchange m ig h t suggest. As far as energy conver-
sion is concerned, w hat is h appen ing  is convection 
(a lth o u g h  we generally  u n d erstan d  convection  to be 
a process w hich  involves g reater vertical exchange); 
hence the  te rm  ‘slantw ise convection’. T h e  cyclone 
waves pass k inetic  energy in to  the  w esterly w ind 
b e lt, p lay ing  th e  crucial role in th e  m ain tenance  o f 
the  general c ircu la tion  w hich has been m en tioned  
before. Early no tions o f  th e  m id -la titu d e  cyclones 
were th a t they were akin  to  tu rb u le n t eddies, w hich 
arc m ain ta in ed  by the  energy o f  the  m ean flow. T he 
opposite  is in fact th e  case.

F rontal depressions o ften  form  in  fam ilies. F igure
2 .9  is an idealised p ic tu re  o f  four p lanetary  waves in 
the 500  hPa flow and associated frontal depressions 
(or cyclone waves). Four fam ilies o f fron tal dep res-
sions are show n w ith  new  depressions fo rm ing  on 
the tra ilin g  cold front o f  the ‘p a ren t’, o r o c c lu d in g , 
depression. T he depression fam ilies are seen to  lie on 
the  po lew ard-m oving  lim bs o f  the  p lane tary  waves, 
dow nstream  o f the troughs. T h e  reason for th is  is as 
follows.

T he p lane tary  wave tro u g h s have cyclonic cu r-
vatu re  and  th e  p lanetary  wave ridges anticyclonic 
curvatu re . For reasons we w ill nor explain  here, th is
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Figure 2.9  Four idealised planetary waves, showing how the formation of families o f frontal depressions is favoured 
under the poleward-moving limb of the waves (see text and Figure 2.10). In the real atmosphere on a day-to-day basis, 
the westerly wave pattern is more complex than this. The isolines represent heights of the 500 hPa pressure surface.

has th e  effect o f  horizon tally  stre tch in g  volum es o f 
a ir passing  th ro u g h  th e  po lew ard -m ov ing  lim b  o f the 
p lane tary  waves a t u p per levels, w hereas the  effect 
is one o f  horizon tal squeezing on the  equato rw ard - 
m ov ing  lim b. T h is  u p p e r s tre tch in g  (d iv e rg e n c e )

and up p er squeezing (c o n v e rg e n c e )  produces 
com pensatory  p a tte rn s  o f  convergence and divergence 
near th e  surface (F igure 2 .10). T he surfacc conver-
gence leads to an increase in cyclonic vorticity , and 
the  surface divergence leads to  an increase in an ti-
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Figure 2.10  Convergence at upper levels in rhe equatorward-moving limb of a planetary wave is compensated by diver-
gence closer to the Earths surface. Under the poleward-moving limb, the upper divergence is compensated by surface 
convergence.

cyclonic vortic ity . C onsequently , cyclone develop-
m en t is encouraged dow nstream  of a p lane tary  wave 
tro u g h , and is in h ib ited  upstream  o f th e  tro u g h , 
w here an ticyclone d evelopm en t is m ore favoured. 
'I'he up p er flow p a tte rn  is, therefore, seen to  be an 
im p o rta n t con tro l on th e  d evelopm en t o f  cyclones 
and trav e llin g  anticyclones.

F rom  our discussion it is p robab ly  q u ite  easy to  
g e t th e  im pression  th a t  th e  po lar fron t is a c o n tin -
uous band sn ak in g  round  th e  hem isphere, co incid ing  
w ith  th e  p a th  o f  th e  po lar fron t jet stream  (a lthough  
F igures 2.5 and 2 .9  have in d ica ted  th a t th is  is a 
m islead ing  s im p lic ity ). In  reality, th e  geography  of 
th e  E arth ’s surfacc, in c lu d in g  th e  influence o f  ocean 
cu rren ts , favours certa in  zones o f  ‘f ro n to g e n e s is '.  
O n e  such zone stre tches from  th e  sou th -easte rn  
U n ited  S tates, across the  N o rth  A tlan tic , tow ards the  
B ritish  Isles. I t  is w eaker, and less t il te d , in  sum m er 
com pared to  w in te r  (in  particu lar, its eastern  end 
shifts northw ards). T h e  zone off N o rth  A m erica is 
th e  stro n g est pa rt o f  th e  N o rth  A tlan tic  Polar Front. 
In w in te r  there  is a large tem p era tu re  con trast 
betw een  a land m ass w ith  an extensive snow cover 
and w arm  offshore curren ts. T h e  p o sitio n in g  o f

th e  po lew ard-m oving  lim b  o f the  p lanetary  wave 
anchored over N o rth  A m erica (and, hence, upper 
divergence) over one o f th e  strongest fron tal zones 
in the  N o rth e rn  H em isphere  favours th e  develop-
m en t o f  cyclonic waves. T hese are th en  steered by 
th e  up p er flow, g row ing  as they  m ove tow ards 
Iceland and northern  Scandinavia. T h is depression 
track is m uch w eaker in sum m er and tends to  take 
a m ore northerly  course over th e  eastern  N o rth  
A tlan tic . Som eth ing  like 170 depressions a year 
follow th is  track , a lth o u g h  there  are significant vari-
a tions from  year to  year and from  decade to  decade. 
T here  are also varia tions in the  typical depression 
tracks, dep en d in g  on, am ongst o th er factors, varia-
tions in th e  w esterly  wave p a tte rn . Some o f  these 
v aria tions w ill be discussed below.

W e have spen t som e tim e  discussing  th e  w ester-
lies and cyclonic waves and th e ir  role in th e  general 
c ircu la tion  o f the  a tm osphere. W e have concentra ted  
on th e  area o f  th e  N o rth  A tlan tic , a lth o u g h  there  are 
o th er regions, in b o th  hem ispheres, o f  im p o rtan t 
frontogenesis and cyclone wave developm ent. W e 
w ill re tu rn  to som e features o f  th e  g lobal-scale c ircu -
lation  later, b u t th e  reason for th e  presen t em phasis
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is th a t the travelling  cyclones, and their intervening 
h igh  pressure ridges, create the  essential character o f 
the  B ritish weather. Seasonal fluctuations in their 
behaviour control m uch of the regional-scale clim ate, 
and long-term  variations in behaviour -  responding 
to  some o ther feature o f the circulation  o f  the atm os-
phere and oceans — can help explain m uch o f the 
observed longer-term  fluctuations in the clim ate o f 
the B ritish Isles.

W e do not in tend  to describe in detail the  partic -
ular pattern  o f weather associated w ith  frontal 
depressions. M ost readers will be fam iliar w ith  the 
p recip ita tion  bands and tem perature  changes associ-
ated w ith  the  passage of the w a rm  and co ld  fro n ts  
in a frontal depression, which can sw ing over the 
B ritish Isles even when the  depression centre is 
passing far to the  north . T he m obility  and precise 
path  o f a particular system are im portan t character-
istics for daily weather. T he severe w indstorm s which 
afflicted W estern Europe in the  early 1990s are a 
g raphic  exam ple (sec C haptcr 11). T he passage of the 
in tervening high pressure ridge, w ith  its  different 
w eather (weaker w inds, clearer skies, cool w inter 
n igh ts , etc.; a lthough  h igh  pressure can also produce 
persistently  cloudy skies in w inter) generally pro-
vides a clear contrast to their fellow travelling 
depressions. Together, they can produce a character-
istic 2 -3  day sequence o f w eather -  a lthough this 
sequence is regularly disturbed.

Blocking

W hen we were discussing the westerlies, we noted 
that the wave pa tte rn  exhibits fluctuations in wave-
leng th  and am plitude. T his characteristic is known 
as the Index Cycle.3 T he term  is derived from the 
param eter, the Zonal Index, which is a measure o f 
the s treng th  o f the  m idd le-la titude  westerly winds.

A t low values o f the Zonal Index, the  westerly 
flow is weak and the wrave pa tte rn  becomes so exag-
gerated that there are large areas o f higher-than- 
average and lower-than-average atm ospheric pressure 
(positive and negative pressure anomalies, respec-
tively) encircling m id-la titudes. O nce the wave 
pa tte rn  starts to become strongly pertu rbed  in one

longitudinal band, there is a tendency for the large- 
scale am plitude pattern  to spread th roughou t the 
m id-la titudes w ith in  days. A chain of four positive 
and four negative pressure anomalies encircling the 
globe is a com m on pattern . W hen  the positive anom -
alies become w ell-established and rem ain quasi- 
stationary, they are known as ‘blocks’. T he longitudes 
o f the planetary wave ridges at 150°W  and 15°W 
(the latter position being off the west European 
coastline, see Figure 2.7) are particularly favoured for 
the developm ent o f blocks.

W hen  the  m id -la titude  flow is zonal (high Zonal 
Index), the vigorous westerly flow over extensive 
regions means th a t fast-developing cyclonic waves 
move quickly eastwards. W hen the  flow is m erid-
ional (low Zonal Index), then the developm ent 
and passage of the  cyclonic waves is ‘blocked’ over 
extensive regions. B lo ck in g  is m ost com m on in 
spring/early sum m er, although it can occur a t any 
tim e of year. A typical position for a block to be 
centred is about 15°W. In line w ith  the seasonal 
shifts in the planetary wave pa tte rn , however, there 
is a tendency for the preferred position o f the block 
axis to move from east o f the B ritish Isles in w inter 
to the west o f Ireland in May, and continue out into 
the  A tlantic  to  its m ost westerly position in sum m er, 
whcnce it starts its slow progress eastwards again. 
T he high  frequency of blocking in spring/early 
sum m er when averaged over 100 years is qu ite  pro-
nounced. T his com m on spring/early sum m er block 
allows more airflow from the north , south  and cast, 
at the expense of westerly, progressive, conditions. 
By the end of June , w ith  the block declin ing  or 
starting  to shift eastwards, more westerly flow has 
been resum ed w ith  generally m ore precipitation. 
Some clim atologists have described th is late Ju n e  
period as heralding the  ‘E u ro p ean  M o n so o n ’. 
C hapter 8 further discusses th is characteristic o f  the 
annual cycle of weather over the  British Isles.

F luctuations in the Zonal Index, and the associated 
hem ispheric-scale adjustm ents to  the m id-la titude  
flow, operate on a tim e-scale such th a t a particular 
reg ions weather over significant parts o f whole 
seasons may be strongly influenced by them . T hat 
being so, a t least part o f  the  year-to-year variations
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(a) Mean pressure (hPa): Summer (1961-90) (b) Mean pressure (hPa): Winter (1961-90)

Figure 2.11 Average mean sea-level pressure (hPa) for the Northern Hemisphere (1961-90), summer (a) and winter
(b). N ote rhe changc in contour interval between the seasons. Pressure gradients are stronger in winter and, as a result, 
the atmospheric circulation is more vigorous.

w hich  are such a stro n g  feature o f  sh o rt-te rm  c lim atic  
varia tions can be explained by th e  ‘Index C ycle’.

SURF A C E PRESSURE PA T TERNS

A verage surface airflow is parallel to  th e  isobars and 
its v ig o u r is p ro p o rtio n a l to  th e  pressure g rad ien t — 
th e  t ig h te r  th e  isobars, the  s tronger th e  flow. T he 
m ost no ticeab le  d ifference betw een  th e  m aps o f 
su m m er and w in te r  surface pressure over the 
N o rth e rn  H em isp h ere  (F igure  2 .11) is th e  replace-
m en t o f  w in te r  h ig h  pressure  by sum m er low pres-
sure over Eurasia. T h is  produces th e  very p ronounced  
seasonal reversal o f  flow w hich is the  sou th-east A sian 
M onsoon. As far as th e  m ost im m ed ia te  features o f 
relevance for th e  B ritish  Isles are concerned, the 
d o m in an t cen tres o f  action  are th e  area o f  low pres-
sure near Iceland (the  Icelandic Low), m ost m arked 
in w in ter, and h ig h  pressure  to  th e  w est o f  Spain, 
w hich  ex tends over w este rn  E urope in su m m er as the  
Icelandic Low m igra tes w estw ards.

T he h ig h  pressure area is know n as th e  Azores

H ig h  and is an ex tension  o f th e  perm an en t su b -
tropical h ig h  pressure over th e  A tlan tic . T h is is 
m atched by ano th er over th e  Pacific and w hich are 
broad zones o f  su bsid ing  a ir reflecting descent in the 
H adley  Cell (F igure 2.5). T h e  Icelandic I-ow is really 
a s ta tistica l m anifestation  o f  the  passage o f  trave l-
ling  cyclones over th is pa rt o f  the  A tlan tic . T he 
eastern p a rt o f  E urope is influenced by th e  w estern 
ex trem ity  o f  the  S iberian H ig h  in w in ter; th is  is a 
shallow  h ig h  pressure caused by radiational cooling  
o f the  Eurasian land mass. D u rin g  periods o f  low 
Z onal Index, there  can be outflow s o f  very cold air 
from  the Siberian H ig h  w hich lead to  cold w eather 
over the  B ritish  Isles. In sum m er, the  h igh  pressure 
is replaced by low pressure, caused by h eating  o f the  
Eurasian land mass. T he surface pressure p a tte rn s 
confirm  w hat we already know ; w in te r  flow over th e  
A tlan tic  and in to  th e  B ritish  Isles is m uch  stronger 
than  su m m er flow. T he sum m er reduction  in the  
Icelandic Low reflects th e  decline in cyclone v igour 
and the  northw ards expansion o f the  Azores H ig h  
reflects th e  tendency  o f all com ponents o f  th e  g lobal 
c lim ate  to  ‘follow the  Sun’.



T RE V O R  D A V IES ,  P. M I C K  KELLY A N D  T IM O S B O R N

Since the  two centres o f  action — the Icelandic Low 
and the  Azores H igh  — dom inate  the  p a tte rn  of 
surface pressure over the  eastern A tlantic, a useful 
index to describe conditions upw ind of the  British 
Isles is the difference in pressure betw een the  Azores 
region and over Iceland. T his is, in effect, a ‘local’ 
Zonal Index. Besides describing part o f  the  annual 
variation in surface pressure over the A tlantic, th is 
Azores/Iceland pressure index also characterises 
changes in the  streng ths and positions o f the  Icelandic- 
Low and the Azores H igh . T h e  behaviour w hich the 
index characterises is know n as the  N o r th  A tlan tic  
O sc illa tio n  (NA O). T he oscillation is the  link 
betw een the two centres o f action -  when the  Azores 
H ig h  is m ore intense (higher pressure), the  Icelandic 
Low also tends to be more intense (lower pressure). 
T his N A O  signal, when averaged over several years, 
is present for all seasons, a lthough  it changes its 
precise character w ith the seasons. T he N A O  is an 
im portan t com ponent o f  the  interannual variability 
o f  the  whole N orthern  H em isphere circulation.

It w ill come as no surprise that there are links 
betw een the behaviour o f  the N A O  index and the 
w eather experienced over the B ritish Isles d u ring  a 
particular year (sec C haptcr 9 for its relationship w ith  
tem perature). Changcs in the circulation patterns 
over the A tlan tic  are associated w ith  shifts in  storm  
tracks -  high  values o f the N A O  index push storm s 
further in to  N o rth e rn  Europe, accom panied by 
h igher tem peratures than usual. Stronger A tlantic  
westerlies increase the atm ospheric transport of 
m oisture in to  northern  Europe. T his leads to heavier 
p recip ita tion  over rhe northern ha lf of rhe British 
Isles, a lthough  indications are th a t p recip ita tion  may 
be reduced over the southern half. So, even though 
the initial control is the  N o rth  A tlantic  large-scale 
c irculation, we still have to  consider the sub-regional 
scale response. T his reflects the  sim ilarity  o f  scale 
betw een the B ritish Isles and the synoptic systems 
w hich produce the  Islands’ day-to-day weather.

O n occasions the N A O  index is negative; th a t 
is, the norm al so u th -to -north  pressure grad ien t is 
reversed. T his is an extrem e circulation mode, 
reflecting a strong pa tte rn  o f  blocking and leads to 
flow w ith  an easterly com ponent over the  N o rth

A tlantic  European sector. As we indicated earlier, 
periods o f weeks or, occasionally whole seasons, can 
be dom inated  by such conditions (see Box 2.2).

LIN KS WIT H THE O CEA N

Variations in the N A O  have been linked to sea- 
surface tem perature (SST) changes in the  N o rth  
A tlantic. From year to  year, the SST patterns are 
probably caused (or forced) by the  atm ospheric circu-
lation, w ith the surface wind influencing the  occan 
circulation and hence the d istribu tion  of SST anom -
alies. T he p icture is not clear, however, and there is 
evidence that SST patterns in the  western part o f the 
N o rth  A tlantic  influence the British weather on 
tim e-scales o f  m onths.'1 W arm  SST anomalies in  this 
part o f the ocean tend to precede a greater incidence 
of cyclonic circulations over the B ritish Isles in  the 
following m onths, whereas a cold SST anomaly is 
frequently followed by m onths which are more an ti-
cyclonic in character.

The precise link ing  m echanism  between the  ocean 
and the atm osphere appears to  be related to the shift 
in the position of the m axim um  surface tem perature 
g rad ien t, affecting the form ation and pa th  o f cyclone 
waves. Over time-scales o f several years to decades, 
although  two-way interactions between the atm os-
phere and ocean still operate, there are indications 
th a t the SST anomalies (this tim e over a larger area 
o f the N o rth  A tlantic  Ocean) are playing an im por-
tan t role in forcing the circulation of the  overlying 
atm osphere, and in influencing rhe clim ate of 
Europe. Figure 2.12 shows th a t SSTs over the  N orth  
A tlantic were relatively low up to the 1920s, higher 
up to the 1960s, then lower thereafter. There are 
indications th a t the  high SSTs in the 1940s and 
1950s were associated w ith  the production of more 
cyclones over the m id -N orth  A tlantic  Ocean at 
around 45°N . There are also some hin ts o f  links 
between the  SST anomalies and the frequency of 
different types o f circulation over the British Isles. 
R obert Ratcliffe and Roy M urray am ongst o thers5 
have em phasised, however, th a t it is likely to be 
the  precise p a tte rn  o f SSTs w hich is im portan t for
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B O X 2 . 2 BL O C KIN G  A N D EXTREME 
SE A S O N A L WEA T HER

O ne o f the  lowest values o f  the N A O  index 
occurred in 1963. T his w inter (January to March) 
was one o f the  coldest in the  last 250 years in the 
B ritish Isles, when the  tem perature in parts o f 
E ngland d id  not rise above 0°C for three m onths, 
because o f the  persistent easterly flow from the 
cold European m ainland. T he first three m onths 
o f 1996 were also ra ther cold, as a result o f 
blocking highs in the  Scandinavia to east N orth  
A tlan tic  region, leading to persistent easterly or 
northerly  flow over the B ritish Isles. This recent 
cold w in ter was a tim ely  rem inder to a public , 
w hich had been fed an oversimplified d ie t o f 
g lobal w arm ing by m any parts o f the m edia, that 
in terannual variability  is still a strong character-
istic o f  the B ritish Isles clim ate. U nderstanding 
the  regional response o f c lim ate to the enhanced 
greenhouse effect dem ands rather m ore sophisti-
cated consideration (see C hapter 15).

The 1963 block was centred over Iceland. 
Blocks do not have to  occur over the  A tlan tic  to 
have a d o m inating  control on the B ritish weather 
over a season. A nother extrem e winter, in 1947, 
was caused by a b locking high over Scandinavia. 
T his was less noticeable in the N A O  index, but 
had the effect o f  steering depressions further south

than usual, over the southern half o f  the British 
Isles, producing m uch snowfall (snow fell som e-
where over the British Isles every day from 
22 January to 17 March in 1947). In th is case, 
the A tlantic depressions provided the m oisture 
source for a deep-w hite winter, whereas the 
extrem ely cold 1963 w inter was relatively defi-
cient in snowfall because o f the  easterly flow from 
the dry European m ainland. So, although  the 
prim e control on the B ritish clim ate comes from 
the  atm ospheric circulation over the A tlan tic , and 
part o f  this control can be represented by sim ple 
indices such as the  N A O  index, we need to 
rem em ber that the precise configuration o f anom -
alous circulations is im portant.

Blocks can also produce anomalously hot or 
dry sum m ers. The prolonged d rough t o f  1 9 7 5 -6  
(one o f the driest 18 m onth  periods on record 
over England and W ales, see C hapter 10) resulted 
from blocking sum m er h ighs over, or close to, 
the  B ritish Isles. T he clear settled conditions 
resulted in h igh tem peratures and the rain- 
bearing depressions were steered to the  north  and 
to the south, around the  blocks. Persistent high 
pressure also dom inated  in the very hot sum m er 
o f 1995; a particularly  pronounced ridge in the 
westerlies occupied a position which stretched 
from the  British Isles to as far east as 25°E (cf. 
Figure 2.7).

the B ritish  clim ate, in particu lar the  position/orien-
ta tio n  of the zone o f m axim um  SST grad ien t across 
the  N o rth  A tlantic.

SST patterns in parrs o f the N orth  A tlantic  are 
in tim ately  linked w ith  sea-ice d is tribu tions and there 
are clearly established relationships between sea-ice 
ex ten t around Iceland and the European clim ate.6 
Periods o f  extensive northerly  w inds over the no rth -
east A tlan tic  and western Europe, for exam ple, bring  
cooling to the continental landmass and ice to the 
shores o f Iceland. T he w arm th of the 1920s and 
1930s round the  N o rth  A tlan tic  sector was associ-

ated wirh strong westerly w inds and a period when 
ice was a relatively infrequent visitor to Iceland. 
These relationships arise because, on this geograph-
ical scale, the atm ospheric circulation is the prim ary 
cause of the fluctuations in ice and clim ate condi-
tions. Locally, however, the  advance and retreat o f 
the ice edge is associated w ith  a m arked change in 
surface heating  and albedo and can exert a strong 
influence on the overlying atm osphere.

The interactions between the ocean surface and 
the  atm osphere over the N orth  A tlantic, and the 
consequent ‘dow nstream ’ im pact on the  weather or
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Figure 2.12 Annual sea-surface temperature anomalies, with respect to the 1961-90 mean, in the North Atlantic Ocean 
from 1856 to 1995. The smooth line is the result of applying a filter which emphasises variations on time-scales greater 
than 30 years. The region is defined as 20° to 70°N and from 0* to 80 ’W.

c lim ate  o f  the  B ritish  Isles, are com plex and tw o- 
way. T h e  n a tu re  o f the  in te rac tio n  depends on tim e- 
scaie and  geographical scale. W e m u st also consider 
rhe a rm o sp h ere -o cean 'in te rac tio n s on a w ider, indeed 
g lobal, scale. Sim ilarly, we have to  ex tend  o u r in terest 
to  deep ocean circu la tions, no t only  in the  n o rthern  
p a rt o f  th e  A tlan tic  Basin, b u t fu rth e r sou th  and , as 
for the  a tm osphere, to  o th e r ocean basins.

F irst, we exam ine th e  deep  o v e rtu rn in g  o f w ater 
w hich  is particu la rly  v igorous in th e  A tlan tic  O cean 
due  to  th e  fo rm ation  o f N o rth  A tlan tic  D eep W ater 
(N A D W ). T h e  s in k in g  o f th is  w ater mass in the

n o rthernm ost parts o f the  ocean causes th e  G u lf  
S tream  and its  extension  -  th e  N o r th  A tla n tic  D r if t
-  to tu rn  m ore n o rthw ard  to replace the  s in k in g  
water. T h is  does not happen  in the  Pacific O cean 
w hich has no deep w ater fo rm ation. T he s in k in g  o f  
th e  N A D W  results from  its  h ig h  density, w hich is 
a consequence o f  its h ig h  sa lin ity  as m uch  as its  low 
tem pera tu re . I t  is se lf-susta in ing , to  som e degree, 
since its h ig h  sa lin ity  is due  to  the  northw ard  trans-
p o rt o f  sa line  w ater from  m ore tropical la titu d es. Its  
w arm th  is also im p o rtan t, since it  induces evapora-
tio n , fu rth e r increasing salinity.
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Since the sink ing  is sensitive to  changes in 
the inpu t o f freshwater to the  N o rth  A tlantic, the 
suggestion has been m ade th a t the overturning in 
the  A tlantic  could vary in stren g th , stop, or even 
reverse. Such sw itches could occur over very short 
tim e-scales. T here is evidence th a t the w arm ing from 
the  last Ice A ge was in te rrup ted  around 10,000 years 
ago by a dram atic  re tu rn  towards Ice Age tem pera-
tures, som etim es called the  Y o u n g e r D ry as period, 
only to be followed by a rapid recovery, all w ithin
1 ,000 years (see C hapter 5). T his rapid clim ate 
deteriora tion  was probably caused by the  A tlantic  
o vertu rn ing  being d istu rbed  by a large in p u t o f fresh-
w ater o f  low density  in to  the  N o rth  A tlantic  from 
the m elting  of ice. T he m echanism s w hich are likely 
to be involved in these fluctuations are com plex.'

T here are some tan ta lising  indications from 
com puter m odels th a t the sinking in the  N o rth  
A tlan tic  may fluctuate over shorter tim e-scales — 
possible oscillations o f around 4 0 - 6 0  years have been 
reported .8 T he reason for such oscillatory behaviour 
is uncertain, bu t some aspects may be triggered  by 
a short-term  change in the in p u t o f freshwater in the 
sinking region north  o f 60°N  (m ore or less ice m elt, 
or even heavy precip itation). O th e r aspects may be 
more self-sustaining. T he im plication  for the  British 
c lim ate is th a t these m ulti-decadal oscillations may 
be reflected in changes in the  N orth  A tlantic  SST 
patte rns w hich, we know, have an im portan t dow n-
stream  influence. T he reason why these com puter 
experim ents are tan ta lising  is th a t clim ate recon-
structions from tree-rings from parts o f Europe 
also exh ib it oscillatory-type behaviour on the  same 
tim e-scale.9

W e have m entioned the te le c o n n e c tio n  character 
o f the N o rth  A tlan tic  O scillation. T he m ost p ro -
nounced teleconnections globally are those associated 
w ith the El N in o  Southern O scillation  (ENSO). This 
is a surface pressure oscillation across the tropical 
Pacific, related to Pacific Ocean cu rren ts.10 T he 
EN SO  dom inates intcrannual clim ate variability  in 
tropical latitudes and there is a pronounced tele- 
connection betw een it and surface pressure over the 
N o rth  Pacific Ocean and N o rth  Am erica. A lthough 
strong EN SO  signals have not been detected in the

atm ospheric circulation over the N o rth  A tlantic/ 
European sector, there are some indications o f 
possible linkages w ith  European-scale weather pa t-
tern s .11 There appear to  be weak links w ith  some 
aspects of the British clim ate, particularly  the fre-
quency of anticyclonic and cyclonic weather types in 
w inter, and w inter precip itation  over England and 
Wales. The strongest links appear to be in January 
and February.12 It is possible th a t more pronounced 
EN SO  signals in British clim ate will em erge as 
research progresses.

AIR M ASSES

W e have already discussed how air flowing over the 
N o rth  A tlantic to the B ritish Isles has a different 
character to th a t flowing out o f Siberia in w inter — 
relatively warm  and m oist versus cold and dry. The 
concept o f  a ir masses is a useful one and underpins 
the usefulness o f the weather type classifications 
(see C hapter 8), since d irection of airflow is one of 
the bases o f identification of many types. W hen  air 
resides in a source region for weeks it starts to 
develop a hom ogeneous character, a few kilom etres 
deep, which it  acquires from its  source region. The 
source regions are geographically d is tin c t, cover 
hundreds o f thousands o f square kilom etres and differ 
between sum m er and winter.

Two of the w inter land source regions are Canada 
and (approxim ately) the  former Soviet U nion, the 
orig in  o f ‘continental polar’ air masses. T he character 
of air masses from these source regions will clearly 
differ considerably betw een sum m er and winter. 
There are also seasonally differing source regions for 
‘continental arctic ' and ‘continental tropical’ air 
masses, as well as ‘m aritim e arctic’, ‘m aritim e polar’ 
and ‘m aritim e trop ical’ a ir masses. T he path  the 
air mass takes from its source region to the B ritish 
Isles is im portant. For example, a relatively cool air 
mass flowing over a w arm er surface will often bring  
convective clouds, good visibility and gusty  winds; 
w arm er air flowing over a sim ilarly warm surface may 
produce stra tus cloud, fog and poor visibility. Many 
weather features result from such m odification of
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an a ir mass along its path ; the air mass type may 
change from such m odification -  con tinen tal po lar’ 
air flowing out o f Canada over the warm  N orth  
A tlantic  D rift may have developed in to  a cool m oist 
‘m aritim e po lar’ air mass by m id-A tlan tic , producing 
b rig h t periods and some showers.

SM ALLER WEA T HER SYSTEMS A N D  LOCAL 
IN FLUEN CES

A num ber o f  circulations on a sm aller scale than  the 
features we have been describing make contributions 
to the c lim atic  character o f  the  B ritish  Isles. This 
short section is not all-inclusive. W e w ill not, for 
exam ple, look at thundersto rm s w hich can provide 
a significant p roportion  o f  sum m er rainfall (see 
C hapter 3), nor a t m ountain  and valley w ind systems 
w hich can influence local w ind clim atology, or cold 
nocturnal drainage flow w hich may fill ‘frost 
hollow s’.

M idw ay in scale betw een these circulations and 
the cyclones and travelling  depressions are p o la r  
lo w s. W e shall refer briefly to these circulations 
since, a lthough  they are relatively sm all (often several 
hundreds o f  kilom etres) and shallow (5 km ), they 
can produce severe w eather over parts o f the B ritish 
Isles, w ith  strong gusts and co n trib u tin g  to m uch of 
the heavier snowfalls. They represent a spccial ease 
o f cyclone form ation in th a t they arc generally non- 
frontal. They usually develop over the  ocean in the 
northerly  ‘m aritim e polar’ or ‘m aritim e arctic’ airflow 
to the  rear o f  a cold front, often betw een Iceland and 
the  B ritish Isles (see Figure 2.13). T he cold airflow 
across zones o f  relatively high  SST gradients provides 
the m echanism  for th eir form ation.

A nother type o f low, bu t o f  entirely  different 
orig in  and type, is the  so-called heat low. Localised 
heating of land in sum m er can produce such features, 
usually in the afternoon. T here arc occasions, how -
ever, where they may survive n ig h t-tim e  cooling and 
persist for some days. They can be relatively sm all- 
scale (for exam ple, over East Anglia), or they may 
cover an area such as m ost o f England. T hu n d er-
storm s may develop in the  heat low s.13

Figure 2.13 An infra-red image of a polar low near the 
Faroes, 25 November 1978, observed from the NOAA 5 
satellite. This day is classified as N W  in the Lamb 
Catalogue (see Appendix B).

W ith in  tens o f kilom etres o f  the coastline, the day- 
to-day w eather may be modified by sea-breezes.14 
They are also caused by the  daytim e heating of the 
land, w hich produces a pressure g radient between 
the  sea (h igh  pressure) and the land (low pressure). 
D uring  late m orning a sea-breeze starts to blow 
inshore and penetrates inland causing m oister, cooler 
conditions, frequently accompanied by cloud. Typi-
cally, d u rin g  sum m er at some B ritish locations, sea- 
breezes will blow on 2 0 -3 0  per cent o f days, but 
there are periods when they are m uch m ore frequent. 
Consequently, they may affect the  character o f  a 
whole sum m er at some near-coastal locations.

A nother im portan t factor for local clim atc is the 
local orography. A glance at a long-term  précipita-
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non  m ap o f the B ritish Isles provides clear confir-
m ation  of this (see Plate 4 or A ppendix A). W hen 
m oist a ir is forced to  rise over h igh land, the air can 
be cooled to a po in t where condensation occurs and 
the  p recip ita tion  process starts. There is a d istinc t 
west-to-east g rad ien t in p recip ita tion  over the British 
Isles w hich largely reflects th is orographic effect on 
m oist a ir blow ing in from the A tlantic. A nother 
reason for enhanced p recip ita tion  over the highest 
land is th a t the  passage o f fronts can be slowed down. 
Detailed precip ita tion  m aps show a dependency of 
p recip ita tion  on elevation, even where the orography 
is not pronounced and even in eastern locations. 
M odest orographic enhancem ent o f p recip ita tion  is 
apparen t, for exam ple, even in the  far-eastern and 
relatively flat N orfolk. I t  goes w ithout saying that 
cloud also is m ore com m on over h igher land.

W e have noted  the im portance of rhe land surface 
d u rin g  our discussion of global-scale radiation and 
heat balances. It is not only albedo (which can change 
seasonally w ith vegetation changes) w hich is im por-
tan t, bu t also heat conductivity. T he therm al conduc-
tiv ity  o f  the soil is an im portan t factor in the 
response o f the  surface to changes in net radiation. 
Soil conductiv ity  is strongly influenced by water 
con ten t. So, if  the soil is coarse, sandy and dry (thus 
con tain ing  a lot o f  air; a good insulator), n ig h t-tim e  
radiational cooling will nor be offset by the conduc-
tion  of heat from lower levels in rhe soil. An example 
o f  th is, again from East Anglia, is the sandy soil area 
o f  the  Brcckland area o f N orfolk, where n ig h t-tim e  
m in im um  tem peratures can be 3—4°C lower than  in 
the  surrounding  areas where the soil is less freely 
d rained (e.g., Santon Dow nham  -  see C haptcr 3).

O th e r im po rtan t surface differences occur in urban 
areas. T he city fabric acts as a ‘storage heater’ m ain-
tain ing  n ig h t-tim e  tem peratures above those o f the 
surrounding  regions. The urban heat island tends to 
be m ost pronounced on calm , clear n ights after sunny 
days b u t, for m any towns and cities, is apparent even 
in yearly averages. O th e r clim ate variables, such as 
hu m id ity  and w ind speed, are also modified to such 
an ex ten t by some urban areas th a t differences are 
apparen t in rhe long-term  statistics for urban and 
adjacent rural locations.

THE SCENE IS SET

The next chapter describes the surfacc clim atology 
of the B ritish Isles and it is necessary for the reader 
to bear in m ind th a t local influences, such as those 
wc have introduced in the  previous section, will be 
very im portan t in m odifying the clim ates o f specific 
locations. Ju s t as it is necessary to adapt a w eather 
forecast for a region to  take account o f  local condi-
tions, so the broad clim atology presented here m ust 
be modified to suit the reader’s neighbourhood. It is 
possible to focus on very small scales -  whole books 
have been w ritten  on the clim ates of a single c ity 15
-  b u t the aim o f this chapter, and oi m uch of this 
book, has been to look outw ards from the clim ate of 
the B ritish Isles to the  large-scale processes which 
deliver our average weather. W hen  one considers rhe 
m yriad factors which shape the clim ate o f a partic-
ular area, it is clear why m odelling weather and 
the clim ate system presents such a challenge. It is 
necessary- to take account o f all the processes d is-
cussed in this chapter, and many m ore, on spatial 
scales ranging from the global to the local. C om puter 
power is lim ited , so comprom ises have to  be made, 
often in sacrificing local detail. It is testam ent to rhe 
skills o f  those developing th e  models and forecasts 
th at, despite  the difficulties, they m anage such a 
degree of accuracy.
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