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Diurnal pressure variation: 
the atmospheric tide
Frank Le Blancq
Jersey Meteorological Department 

Those of us who live near the coast are 
familiar with the tide, that regular ebb and 
flow of the sea, more strictly called the 
‘ocean tide’. At most locations it is a phe-
nomenon with a semidiurnal oscillation, 
though the vertical displacement of the sea 
varies greatly from place to place. On some 
coasts in the Mediterranean, for instance, 
the difference between high and low water 
may be as little as 0.1 metres on a neap tide 
while on others, such as the Bay of St. Malo 
off northwest France, the difference can 
exceed 14 metres on a spring tide. Influences 
on the tide are many and complex, but are 
dominated by the gravitational effect of the 
sun and moon and their position in relation 
to the Earth, which incidentally allows a 
high degree of predictability. 

In the atmosphere, elements of the 
weather such as temperature and humidity 
also display diurnal variations and, in a simi-
lar manner to the ocean tide, there exists 
an atmospheric tide with air pressure show-
ing an underlying variation. The compo-
nents which combine to cause this variation 
are also complex and not fully understood, 
but the solar component, referred to as 
radiational forcing (Pugh, 1987), is domi-
nant. The maxima and minima occur at 
approximately the same local time each day 
and, as with the ocean tide, studies show 
the height of the atmospheric tide varies 
with location, from about 0.3 millibars in 

polar regions to 3.0 millibars in the tropics. 
It is the intention of this short paper to dem-
onstrate, rather than explain, the compo-
nents; readers seeking more information on 
atmospheric and ocean tides are directed 
to the works of Pugh (1987), Chapman and 
Lindzen (1970) and Haurwitz and Cowley 
(1973) where the subject is covered in detail. 

In the upper atmosphere the diurnal heat-
ing cycle gives rise to diurnal pressure 
waves, but the dynamic structure of the 
atmosphere causes the semidiurnal har-
monic to be dominant (Pugh, 1987). More 
specifically, as Cooper (1982) has noted, the 
atmospheric tide is largely due to the 
absorption of ultra violet (UV) radiation by 
ozone. The effect of diurnal pressure varia-
tion is most noticeable in the tropics where 
incoming solar radiation is greatest but, as 
dynamic forcing is weak in these regions, 
absolute surface pressure changes are small: 
an observation at a tropical station taken at 
the same time each day has an average dif-
ference of ~0.7 millibars from one day to 
the next, though the barograph trace will 
show a semi diurnal, approximately sinusoi-
dal, trace with a range of 3 millibars or so 
over the course of 24 hours. 

By way of contrast, mid-latitude surface 
pressure changes are dominated by dynamic 
forcing associated with the polar front jet, 
which causes much greater shorter-term 
changes. In the Channel Islands, for instance, 
an observation taken at the same time each 
day has an average difference of nearly 6 mil-
libars from one day to the next, whilst 

10  millibars or more is quite common and a 
difference of more than 20 millibars is far from 
rare. As a result, a barograph trace in mid-lat-
itudes is often irregular and usually masks any 
underlying diurnal cycle. By comparing a mid-
latitude station with two stations in the tropics, 
the similarities and differences can be shown.

While recovering and digitizing old surface 
pressure data for Jersey Airport, a complete 
set of three-hourly surface pressure readings 
was compiled (Le Blancq, 2010). The data-
base starts in 1961 when sea-level pressure 
was calculated using a mercury Kew pattern 
barometer, but the period used here covers 
40 years from 1971 to 2010 when precision 
aneroid barometers (PAB) were in use. In 
accordance with aviation requirements, the 
PABs were cross-checked daily and calibrated 
regularly, so we have confidence in the accu-
racy of the readings.

By averaging observations over a long 
period, the irregular short-term, (i.e. non-
periodic) variations are removed, allowing 
underlying longer-term variations to 
emerge. The three-hourly surface pressure 
observations from three stations were used 
in the following analysis: 

1. Panjim (Goa) 15°N 74°E: a tropical sta-
tion on the west coast of India, with data 
from synoptic reports for 12 months in 
2007/2008 and no missing data.

2. Malé (Maldive Islands) 4°N 74°E: a sta-
tion close to the equator, with data from 
synoptic reports for 2008 (80% data 
availability).
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3. Jersey (Channel Islands) 49°N 2°W: a 
mid-latitude station in the English 
Channel, with data from a quality con-
trolled database from 1971 to 2010 and 
no missing data. 

All 3am, 6am, 9am etc. (local time) read-
ings were averaged, such that the Jersey 
3am value for instance is the average of over 
14  000 individual reports, while that for 
Panjim is the average of 365 reports. Results 
from the three stations are shown in Figure  1, 
illustrating the difference from mean surface 
pressure of the three-hourly observations, to 
which smoothing has been applied. As the 
atmospheric tide occurs at about the same 
local time each day, the readings for Panjim 
(UTC + 5½ hours) and Malé (UTC + 5 hours) 
were offset by 6 hours from UTC to show 
approximately the same local time.

The semidiurnal pressure oscillation can 
be seen clearly, with the main features 
common to all three stations. Two minima 
occur in the early morning and in the after-
noon, with maxima in the late morning 
and late evening. Of the two cycles the 
late morning/afternoon cycle, which is the 
time of maximum solar heating, shows a 
slightly greater variation than the night-
time/morning cycle for the tropical sta-
tions, but there is little difference between 
the two at the mid-latitude station. Where 
the traces differ is in amplitude. The tropi-
cal and near-equator stations show a 

 variation of approximately 1.6 millibars 
about the mean for a daily variation of 
about 3.2 millibars. At the mid-latitude sta-
tion, however, the total variation is slightly 
less than 0.8 millibars. 

As shown above, in general the diurnal pres-
sure variation, or atmospheric tide, is greatest 
near the equator but, as previously noted, the 
factors affecting the oscillations are not fully 
understood and two diverse studies illustrate 
this point. In the first, Petenko and Argentini 
(2002) found some correlation with total 
ozone amounts while analysing data recorded 
high on the Antarctic Plateau. In another 
study, Hect and Gertman (2003) found maxi-
mum variations of the atmospheric tide to be 
3.9 millibars on the Dead Sea (350 metres 
below mean sea level and very hot in summer) 
but only 1.35 and 1.52 millibars at two sea-
level stations within 100  miles on the 
Mediterranean coast. In addition, seasonal fac-
tors and whether a station is continental or 
not may affect the absolute variation of the 
atmospheric tide. However, evidence for sea-
sonal variation from Jersey, with its maritime 
climate, is limited. Using standard meteoro-
logical seasons, the variation is 0.82 millibars 
in autumn, 0.83 millibars in winter, 0.73 mil-
libars in spring and 0.76 millibars in summer. 

Summary
Just as the ocean tide ebbs and flows in a 
regular fashion so does the atmospheric 
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Figure 1. The atmospheric tide at Panjim (Goa), Malé (Maldives) and Jersey (Channel Islands).

tide, producing its rhythmic semidiurnal 
pressure variation at the surface. Whilst 
complex and not fully understood, as dem-
onstrated above, absolute air pressure 
variations in the tropics exceed three mil-
libars each day and the variation can be 
readily seen on a barograph trace or by 
plotting regular observations. This varia-
tion is greater than in mid-latitudes, where 
the barograph trace is generally much 
more irregular. However, by averaging mid-
latitude recordings over a long period the 
non-periodic ‘noise’ can be eliminated. An 
underlying diurnal pressure variation of a 
little under 0.8 millibars was found by ana-
lysing 40 years of Jersey Airport pressure 
observations, though to most people it 
goes unnoticed.
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