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Coastal Influence on Winter Road-Surface 
Temperatures in the County of Devon, 
England 

P. J. McLEAN AND N. L. H. Woon 

Data from a network of 35 road weather stations across the county 
of Devon, England, were used to evaluate the north and south 
coastal influence on road-surface temperature. Two relatively 
cloud-free airstreams were identified: the northwesterly polar 
maritime and the easterly polar continental, which show that 
road-surface temperatures within 10 km of the coast are between 
1 and 3°C higher than those measured at inland stations. This 
effect occurred only for wind speeds below 7 .5 m/sec. The micro
climate of the immediate environment and the altitude of the 
station were the controlling factors on road temperatures for calm 
conditions and wind speeds above 7.5 m/sec, respectively. 

Devon has the longest road length (approximately 14 700 km) 
of any county in Britain. Its varied topography and diverse 
climatic zones complicate winter maintenance, making one 
treatment across the county an ineffective response. 

The earliest U.K. Meteorological Office forecast gave gen
eral warnings of ice on roads during weather bulletins when 
there was a risk of this occurring. However, this forecast was 
of little use to the highway engineer and meant that all the 
roads needed to be salted, wasting money. Thornes suggested 
that a mathematical model would enable a forecast to be made 
of the road temperature at a particular location (1). In time, 
road weather stations were located at various points and tests 
were made to see if the model could accurately predict the 
road-surface temperature. Eventually Thornes's surface cli
mate model came into being and was used in the United 
Kingdom to predict where and when ice was likely to form. 
The performance of this model is described by Thornes, (2), 
and eventually an "open road" network was set up in many 
parts of the United Kingdom, augmented by thermal map
ping. The Meteorological Office also designed a model that 
Rayer describes (3). Gustavsson and Bogren explained that 
thermal mapping under different weather conditions is useful 
in interpolating temperature for stretches of road between 
stations ( 4). 

These developments have enabled the highway engineer to 
determine whether there is a need for salting and where there 
is a priority, saving money and helping to prevent road ac
cidents due to ice. 
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IMPORTANCE OF COAST ON ROAD-SURFACE 
TEMPERATURE 

The main influences on road-surface temperature are topog
raphy, altitude, and coastal influence, although the urban heat 
island effect can also have an impact. Tabony described the 
influence of topography on air temperatures (5), and further 
research by Bogren and Gustavsson has determined how to
pography in turn affects the road-surface temperature ( 6), but 
there has been little research into how the coast influences 
the road-surface temperature. Gustavsson and Bogren showed 
that there was a 5 to 6°C difference between the coastal strip 
and inland areas in Sweden (7), but in this case altitude and 
shelter also had an influence. This paper sets out to determine 
the coastal influence on road-surface temperatures alone. 

Onshore winds have a warming effect on the roads near the 
coast for two reasons. First, the sea, at about l0°C, is often 
warmer than the land during winter nights. During a relatively 
clear night the temperature difference between land and sea 
can be pronounced. Synoptic-scale onshore breezes, therefore, 
will advect warm air inland and modify the nocturnal boun
dary layer. Gustavsson showed that there is a strong correla
tion between road temperature and air temperature (8). 

Second, the wind is stronger over the sea than over land 
as frictional effects reduce the wind speed inland. And ra
diational cooling inland stabilizes the air in the boundary layer, 
and therefore the wind speed reduces further. This means 
that an open coastal road will be influenced more by the 
mixing of air than an inland road will be. 

ROAD ICE PREDICTION NETWORK IN DEVON 

There are 35 road weather stations in Devon. The Meteor
ological Office receives data every 15 min, including road
surface temperatures, air temperatures, relative humidity, 
surface conductivity, and road conditions (e.g., dry or wet). 
A forecast is made daily at about noon, and it is updated if 
the expected synoptic conditions change. The forecast data 
include expected graphs and text and 2- to 5-day general 
forecasts. The forecast data are used to produce a map that 
shows the expected temperatures for certain stretches of road, 
giving different colors for ranges of temperatures. This in
formation is received by Devon County Council, and decisions 
to use salt on the roads are made accordingly. The data are 
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also sent to the Institute of Marine Studies at the University 
of Plymouth, using a modem that feeds the information into 
a microcomputer. Here, research is being carried out into 
improving the road temperature forecasts for the county. 

TOPOGRAPHY OF DEVON 

Devon is a county in the southwest of England. Its outline 
and approximate relief are shown in Figure 1. The county's 
topography features hills and valleys, although there are a 
few relatively flat areas. The main areas of high ground are 
Exmoor, in the north, and Dartmoor, which rises to about 
600 m in the center of the county. 

There are also two coastlines more than 100 km apart. The 
north coast has high cliffs. It faces the point at which the 
Bristol Channel meets the Atlantic Ocean and is open to the 
north and west. The south coast, on the other hand, faces the 
English Channel and has a more varied topography. Most of 
the south coast is exposed to the south and east. 
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AIR MASSES BRINGING ONSHORE WINDS 

The climate of Devon in winter is mild because of the influ
ence of the North Atlantic drift, which means sea tempera
tures are from 11°C in December to 8°C in March. This means 
frost generally occurs only occasionally. However, in anti
cyclonic spells in mid-winter, with clear skies and light winds, 
temperatures usually fall below 0°C in inland parts of Devon. 
The factors determining the occurrence of clear skies depend 
on the air mass and wind direction. 

Two fairly cloud-free airstreams affect Devon. The first is 
the polar maritime, which brings a northwesterly airstream, 
so the north coast experiences onshore winds. The other is 
the polar continental, which brings easterly or southeasterly 
winds, which are onshore on the south coast. Both air masses 
are often associated with cloudless skies during the night, 
especially in anticyclonic conditions. In winter, when either 
of these two air masses is present, frost is likely inland under 
clear skies. Therefore, the two airstreams were used to study 
the coastal effect on road-surface temperature. 

FIGURE 1 County of Devon with locations of road weather stations (areas above 300 m 
shaded). 
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OBSERVATIONS 

Three coastal road weather stations are situated on the south 
coast, and two, on the north coast. Table 1 shows the coastal 
stations used, and Table 2 shows the corresponding inland 
stations with similar altitude and exposure that were used in 
comparison. Each of the stations is also shown in Figure 1. 
The comparisons for each of the stations were made on nights 
when there was a northwesterly or northerly wind and on 
nights when there was a southeasterly or easterly wind. 

Varying wind speeds for each airstream were used on the 
appropriate nights so that the influence due to the strength 
of the wind could be compared. 

The data for each station were collected using the Vaisala 
Road Information Workstation V5.81 package. The data were 
transmitted by a modem from County Hall, Exeter, to the 
University of Plymouth. The data that showed readings for 
each station every 15 min were displayed in graphical and 
tabular form. However, only the minimum temperatures were 
noted. These were then analyzed to see if there was a differ
ence between the coastal stations and inland stations when 
onshore winds occurred. 

All the minimum road-surface and air temperatures for 
each station are shown for each occasion that suitable days 
occurred: Table 3 presents the observations during easterly 
airstreams and Table 4 presents the observations for the 
northerly airstreams. Summaries of the synoptic conditions 
are given in Table 5 on the easterly occasions and in Table 
6, for the northerly occasions. Figures 2 through 5 show inland 
temperatures plotted against coastal temperatures so that the 
influence of the coast on the road and air temperature can 
be estimated, the dashed line representing coastal tempera-
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ture being equal to inland temperature. Figure 6 shows the 
effect of the wind speed on the coastal-inland temperature 
difference. 

DISCUSSION OF RESULTS 

Referring to Figures 2 through 5, the coastal effect is more 
marked with easterly winds because skies are clearer on these 
occasions and air temperatures are lower in the polar conti
nental air mass than in the polar maritime. 

The effect of the coastal influence on the roads was found 
to increase temperatures from 1 to 3°C over those of the inland 
stations, as shown in Figures 2 through 5. Statistics of the 
linear regression between inland and coastal minimum tem
peratures are shown in Table 7. A linear correlation coeffi
cient of better than .81 occurs in all cases except Figure 5. 
Generally, the coastal warming on the road was similar to the 
coastal warming on the air temperature. Warmer maritime 
air at the surface was mixed into the surface boundary layer, 
reducing the radiation loss on the road surface. 

The equation for linear regression for Figure 2 was 

inland temperature (0 C) 

= -1.20 + 0.93 coastal temperature (0 C) 

The equation for linear regression for Figure 4 was 

inland temperature (0 C) 

= -1.21 + 0.98 coastal temperature (0 C) 

TABLE 1 Height And Exposure of Inland Stations 

Station Comparative 

Number Name Height (m) Exposure Inland Station 

12 K.ingsteignton 24 Open 3 
13 3 Horse Shoes 169 Open 20 
21 Gallows Gate 150 Open 19 
31 West Country Inn 198 Partly closed 29 
34 Bratton Down 320 Open 26 

TABLE 2 Height And Exposure of Coastal Stations 

Station Comparative 

Number Name Height (m) Exposure Coastal Station 

3 Poltimore Bowls 15 Open 12 
19 Slade Cross 137 Partly closed 21 
20 Stopgate Cross 253 Open 13 
26 Sourton Cross 277 Open 34 
29 Halwill Junction 180 Partly closed 31 
33 Yollacombe 150 Partly closed 31 



TABLE 3 Observations for Easterly Airstreams 

COASTAL INLAND 
WIND MIN TEMP.• MIN TEMP. 
(mls} DATE STATION ROAD AIR STATION ROAD AIR 

12 -2.5 -4.0 3 -4.5 -6.5 
12/12/91 13 -4.0 -3.5 20 -5.0 -3.0 

21 -2.0 -2.0 19 -4.0 -5.0 
12 5.5 5.0 3 5.0 4.0 

0-2.5 15/01/91 13 3.5 3.0 20 3.0 2.5 
21 4.5 4.0 19 4.0 3.0 
12 0.5 -0.5 3 -1.0 -2.5 

31/01/92 13 -1.5 -1.5 20 -2.0 -2.5 
21 1.5 1.5 19 -1.0 -1.0 
12 o.o -1. 0 3 -1. 5 -3.0 

11/12/91 13 -3.5 -3.0 20 -4.0 -3.0 
21 0.5 -1.0 19 -1.0 -2.5 
12 -1.5 -3.5 3 -2.0 -4.0 

2.5-5 14/12/91 13 -2.5 2.5 20 -2.0 3.5 
21 -0.5 2.5 19 -2.5 -0.5 
12 -1.0 -1.5 3 -2.0 -2.5 

23/01/92 13 -3.0 -3.0 20 -4.5 -2.5 
21 -0.5 -0.5 19 -2.5 -1.5 

07/02/91 12 -5.5 -5.0 3 -5.5 -5.5 
5-7.5 13 -8.5 -7.0 20 -7.5 -7.5 

08/02/91 12 -6.5 -7.0 3 -8.0 -9.5 
13 -6.0 -4.5 20 -7.5 -5.5 

* TEMPERATURES IN oc 

TABLE 4 Observations for Northerly Airstreams 

COASTAL INLAND 
WIND MIN TEMP. MIN TEMP. 
(mLs} DATE STATION ROAD AIR STATION ROAD 

05/02/91 31 -4.0 -4.0 29 -4.0 
34 -4.5 -3.0 26 -3.5 

02/02/92 31 3.0 2.0 29 2.0 
0-2.5 34 -1.0 -1. 5 26 -3.0 

09/03/92 31 0.5 0.5 29 0.5 
34 0.0 -1. 0 26 1. 0 

10/02/91 31 -3.5 -2.0 29 -5.0 
34 -4.5 -2.0 19 -5.5 

09/11/91 31 4.0 6.0 29 2.0 
2.5-5 34 4.0 4.5 33 2.5 

27/03/92 31 2.5 2.5 29 1. 0 
34 1. 5 1. 5 26 1.5 

13/02/91 31 -4.5 -3.5 29 -5.0 
5-7.5 34 -5.5 -1. 5 26 -6.0 

28/03/92 31 2.0 4.5 29 2.0 
34 2.0 2.5 26 1. 0 

* TEMPERATURES IN °c 

TABLE 5 S.)'.noptic Conditions for Easterly Occasions 

DATE 
07/02/91 
08/02/91 
11/12/91 
12/12/91 
14/12/91 
15/01/92 
23/01/92 
3lLOlL92 

PRESSURE PATTERN 
ANTICYCLONIC 
CYCLONIC 
ANTICYCLONIC 
ANTICYCLONIC 
ANTICYCLONIC 
ANTICYCLONIC 
ANTICYCLONIC 
ANTICYCLONIC 

WIND 
VELOCITY WEATHER CONDITION 
5 m/s NE MAINLY CLEAR 
6 m/s NE CLEAR, SNOW FURTHER 
4 m/s E-NE MOSTLY CLEAR 
1 m/s E MOSTLY CLEAR 
4 m/s E PARTLY CLOUDY 
2 m/s SE PARTLY CLOUDY 
3 m/s SE PARTLY CLOUDY 
2 mLs E MOSTLY CLEAR. MISTY 

AIR 
-4.0 
-3.0 
-0.5 
-2.5 
-0.5 

3.0 
-3.0 
-4.0 

6.0 
4.5 
3.5 
3.0 

-5.0 
-4.5 
4.0 
3.0 

EAST 
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TABLE 6 Synoptic Conditions for Northerly Occasions 

DATE PRESSURE PATTERN 
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FIGURE 2 Graph showing road-surface temperatures for 
easterly winds below 7 .5 m/sec. 
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FIGURE 3 Graph showing air temperatures for easterly winds 
below 7 .5 m/sec. 

Clouds also played an important part because on occasions 
they tended to move in from the sea to the more coastal areas 
whereas inland skies remained relatively clear. These are the 
occasions in which temperature deficits were 3°C. This is true 
only for the easterly occasions, because cloud cover tended 
to be more widespread during the northerly airstream, when 
cloud cover was more likely to occur. However, when clouds 

ere more widespread, the difference between coastal and 

WIND 
VELOCITY WEATHER CONDITION 
2 m/s N-NE PARTLY CLOUDY 

3 m/s N MOSTLY CLEAR 
5 m/s N-NE CLEAR 
3 m/s NW PARTLY CLOUDY 
1 m/s N-NE MOSTLY CLOUDY, MISTY 
1 m/s N-NE PARTLY CLOUDY 
4 m/s N PARTLY CLOUDY 
6 m/s N PARTLY CLOUDY 
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FIGURE 4 Graph showing road-surface temperatures for 
northerly winds below 7 .5 m/sec. 
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FIGURE 5 Graph showing air temperatures for northerly 
winds below 7 .5 m/sec. 

8 

inland stations was minimal. There were very few occa
sions when skies were completely clear across the whole 
county. 

The results for Station 13 were fairly unconvincing. This 
may be because most of the time that easterly winds occurred, 
they came from a more northeasterly direction. At these times 
winds were not directly from the sea at Station 13, so there 
was no coastal influence. 
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FIGURE 6 Easterly wind speed influence and coastal 
warming~ 
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Referring to Figure 6, a maximum effect of coastal warming 
is noted at about 5 m/sec. The microclimate of the immediate 
environment is more important at low wind speeds. At wind 
speeds above 5 m/sec, the effect again reduces and the altitude 
of the station becomes the controlling factor on _minimum 
surface temperature. 

The effect of varying wind speed on coastal warming does 
not occur for northerly winds because the polar maritime was 
generally more cloudy than the polar continental air mass. 
The effect of cloud cover reduced the cooling inland; there
fore, the warming effect was reduced. The topography of the 
road weather stations on the north coast also played an im
portant factor, in that the stations are at relatively high alti
tudes. Therefore, the nocturnal cooling was less intense gen
erally than it would be at lower-altitude stations, reducing the 
difference between coastal and inland stations. 

TABLE 7 Results from Regression Analysis of Each Graph 

GRAPH WIND DIR. TEMPERATURE R2 

FIGURE 2 EASTERLY ROAD 0.93 
FIGURE 3 EASTERLY AIR 0.89 
FIGURE 4 NORTHERLY ROAD 0.92 
FIGURE 5 NORTHERLY AIR 0.81 
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CONCLUSION 

A warming influence was found to exist on the coastal road 
weather stations when winds were onshore; it was especially 
noticeable on the south coast when winds were easterly. The 
warming effect was found to be between 1 to 3°C, and the 
most noticeable warming occurred when windspeeds were 
near 5 m/sec. At wind speeds greater than 5 m/sec the altitude 
was the predominant influence on the temperature, whereas 
at less than 5 m/sec the local topography was found to be 
more important. 

Although on the north coast a warming influence occurred 
when winds were northerly, it was less marked than the effect 
on the south coast-mainly because the stations were at a 
higher altitude and because the northerly airstreams tended 
to be more cloudy. 
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