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WORLD DISTRIBUTION
OF ATMOSPHERIC
WATER VAPOUR PRESSURE

INTRODUCTION

The Meteorological Office has in recent years received a large number of inquiries regarding
atmospheric humidity in many parts of the world. To meet this increasing demand, data for most of
the land areas of the world have been assembled and are here presented in the form of charts (see
pp. 6-49) showing the distribution of mean vapour pressure, reduced to sea level, for the mid-season
months of January, April, July and October. The aim of this memoir is to present the data in a useful
form and no scientific discussion of the charts is attempted.

In the last part of the work a short account of the diurnal variation of vapour pressure is given
based on an analysis of hourly averages for a selection of stations distributed over the world.

The data were collected from many sources, the main one being the large collection held in the
library of the Meteorological Office, London. The work has been greatly helped by-the international
exchange of meteorological year books and other publications. A number of British Commonwealth
and foreign meteorological services have provided data, often in manuscript form, in response to
special requests. There are no data from ships, and the only data at all representative of the sea areas
are those from certain small oceanic islands.

PART I—WORLD MAPS OF VAPOUR PRESSURE

§ 1—pATA

As far as possible the data for any station cover a period of 10 years; but data for longer periods
were used if readily available. It was, however, found impossible to keep to a standard period. No
allowance was made for trends and the data were not smoothed; nevertheless, the isopleths are very
smooth, indicating that the trends were probably unimportant for the purpose in hand.

Means based on 24-hourly values of vapour pressure, temperature and relative humidity, or
dry-bulb and wet-bulb temperatures, were available only for observatories and a small number of
first-order observing stations. These provided reliable values for comparison with, and possible
adjustment of, the much larger number of data from stations making observations at only a limited
number of hours each day.

Where there is only a limited period of hourly values, but a longer period of less complete
observations, the hourly values were used to correct the data of longer periods.

Adjustments were made to allow for any known significant changes in the time of observation
or site of station. If, however, the change in the time of observation was less than half an hour, or
the change in site less than 10 min. in latitude or longitude, it has been ignored. Any such adjustments
made by local services have been accepted. Local estimates of daily mean values from observations
at fixed hours have also been used. For some areas data are rare, and it has been necessary to use
considerable judgement in order to arrive at reasonable estimates of the charted and tabulated values.
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There are two main types of error. The first is that in which a value stands out as high or low
in an area with a fairly uniform distribution of mean vapour pressure. High values are most commop
and were discounted, as most systematic errors in the wet-bulb temperature lead to high vapour-
pressure values. It is usual to discount very low values, but this was done only after very carefy
scrutiny.

The second type of error is widespread and is due to some general cause; e.g., when a high
water-table near a river or lake increases the upward diffusion of water vapour, producing higher
values than those in the free air flowing over the region near by. High values of vapour pressure are
obtained also from dry-bulb and wet-bulb temperatures observed near warm seas, owing to salt
contamination. Where these effects were clearly widespread the values have been accepted, but where
localized they have been discounted. One result of this procedure is that high gradients of mean
vapour pressure appear near some tropical coasts.

The basic data were derived mostly from readings of screened dry-bulb and wet-bulb thermo-
meters or hair hygrometers. These instruments can yield reliable results, but errors are difficult to
avoid at very high and very low temperatures, and will also arise if a high standard of management is
not maintained. Careful scrutiny and checking of all the basic data were therefore essential. This
was a very laborious process, but the outcome was a reasonably consistent collection of values which
enabled the charts to be constructed without undue difficulty.

§ 2—CALCULATION OF MEAN VAPOUR PRESSURE: REDUCTION TO SEA LEVEL

When temperature and relative humidity or wet-bulb temperature data are being used to
derive vapour-pressure averages, difficulties arise from the non-linearity in the relationships between
the observed and derived functions. These have been dealt with by the method described by Sumner
and Tunnell.*

To facilitate interpolation on the charts the vapour-pressure averages have been reduced to sea
level. The method of reduction has been discussed by Tunnell,2 who showed that long-period
averages follow an almost universal law in their vertical variation except where there exists a very deep
inversion, as for example, in the winter over north-west Canada and Siberia.

The reduction formulae are:

e = e, (1—0-00025k)
for stations up to 1,300 m. above mean sea level, and
e=e, 1(-0-0001284
for higher stations, where 4 is the height of the station above mean sea level (in metres), e is the mean
vapour pressure at station level and ¢, is the corresponding mean vapour pressure reduced to sea level

§ 3—CONSTRUCTION OF THE CHARTS

Data for areas between 61°S. and 75°N. have been plotted on Mercator charts. For high latitudes
circumpolar charts on a polar zenithal equidistant projection have been used.

The isopleths were drawn at variable intervals chosen in the way judged best for reproducing the
important features of the distribution, but having regard also to the availability of the data.

The large Mercator charts have been divided into sections (see Frontispiece) convenient for
publication and ease of handling. Where it has been necessary thus to divide a large continental ares,
consideration has been given as far as possible to the climatic unity of the area depicted in each
section, e.g. the monsoon region of southern Asia (pp. 18-21). .

The broken lines give suggested distributions and are shown only for convenience in Intel-
polation. On the arctic circumpolar charts the isopleths have been drawn after a study of other climatic

* The index numbers refer to the bibliography on p. 52.
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elements to give a suggested distribution consistent with the widely scattered data. This has not
been possible for the antarctic charts.

Spot values have been plotted for islands and these may be used for any rough interpolations
over the sea. It is found that in general these island values do not differ greatly from nearby ships’
observations. For the present purpose island data are superior to ships’ data in that they are homo-
geneous with mainland data and free from the drawbacks arising from the variable positions, irregular
availability in time, and difficulties of measurement.

The plotted values have been reduced to mean sea level so that interpolations may be independent
of height variations. To find the average vapour pressure at a specific position and height, the sea-level
value 1s read off the map, and then by means of the appropriate reduction formula (p. 4) it may be
adjusted to the required level. The result obtained is an estimated surface value, and does not apply
to the free air.

The unit of pressure used in all the maps is the millibar.

§ 4 TABULATED DATA
The basic data (for about 3,500 stations) used in compiling the charts of mean vapour pressure
have been listed in the form of tables which show, for each station:
(i) Latitude and longitude in degrees and minutes.
(if) Height above sea level.
(iii) Mean vapour pressure for January, April, July and October at station level.
(iv) Mean vapour pressure for the same months reduced to sea level.

(v) The hours of observation on which the mean values of vapour pressure are based,
with an indication of how the means were derived.

(vi) The period of years and the total number of years’ observations on which the mean
vapour pressures were calculated.

(vii) Authorities for the data.

A copy of the tables is available in the Library of the Meteorological Office, London. Microfilm
copies of the whole or parts of the tables can be supplied on application.
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PART II—THE DIURNAL VARIATION OF VAPOUR PRESSURE

§ 5—DATA

An indication of the range, and to some extent the form, of the diurnal variation of vapour
pressure at selected stations for the months of January, April, July and October is given in Table I,
which shows maximum and minimum values of hourly vapour-pressure averages and their times of
occurrence. The actual diurnal maxima and minima occur at times differing slightly from those
given, and will in general be a little higher or lower than the extreme hourly values. The latter are,
however, sufficient to indicate the range and form of the diurnal curve of mean vapour pressure,
though of course they do not give all the details which the complete set of hourly values would. The
standard of time indicated in the table is that used in the tabulation of the original observations; it
does not always coincide exactly with local mean time. For ease of reference the selected stations are
numbered consecutively in Table I and the numbers are quoted in the text, thus, Gaasefjord (1).
The same reference numbers are used in conjunction with the station names in the key map on p. 61.

The data used are mostly means of 24-hourly observations over the longest period available,
but for some stations where hourly observations are not*made interpolated values have been used.
The number of years, and the periods, for which data have been used are shown separately for each
station in Table I. In some instances a range is given in the “number of years” column. This means
either that the number of years’ data differed from month to month, e.g. Jan Mayen (2), or that the
vapour pressures were computed from mean hourly values of temperature and humidity based on
different periods, e.g. Trondheim (4).

For a number of stations hourly data are available only for a period which is much shorter than
that used in preparing the charts on pp. 6-49. The extreme values in Table I therefore may not
always be consistent with the mean monthly values read from the charts. However, the purpose of
Table 1 is to indicate only the form and range of the diurnal variation for selected stations, and small
inconsistencies arising on this account are not regarded as important. Table I includes a list of
authorities for the hourly values used; this is partly taken from the very much larger list of authorities
for the data used in the world maps, referred to in § 4.

§ 6—GENERAL CHARACTERISTICS OF THE DIURNAL VARIATION OF VAPOUR PRESSURE

When an adequate supply of moisture is available from the soil and vegetation, or sea surface,
and when convective transport of moisture is not excessive the diurnal variation of vapour pressure
follows approximately the diurnal variation of temperature, attaining its maximum in the early
afternoon and its minimum near dawn. Other factors, such as evaporation, condensation and soil
transport of moisture at the earth’s surface, advection, the vertical transport of water vapour in the
atmosphere by convection and diffusion, and the history of the air mass, modify this simple type of
variation to a greater or less degree. For example, at most stations where surface moisture is not
abundant and where vertical transport processes are well developed, the daily vapour-pressure cycle
shows the following broad characteristics:

(i) A rise after sunrise when dew and, later, soil moisture are evaporated.

(i) A fall towards midday, due to either excessive vertical transport of moisture by con-
vection or a fall in available soil moisture.

(ii) A rise towards sunset associated with the decrease of convection.

(iv) A slow decrease to dawn caused by the downward transport and deposition of moisture,
associated with the nocturnal cooling of the lower layers of the atmosphere.
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At most places, however, considerable variations from these simple types are produced, in the
mean, by local advective factors such as sea-breezes and nocturnal winds. On individual days, of
course, variations are caused by precipitation, cloud and sunshine, by air-mass changes associated
with frontal passages, and by subsidence. There are, in Table I, several examples of characteristics
peculiar to certain stations, e.g. at Hamilton, Bermuda (25) the evening maximum at all seasons,
and at San Francisce (23) the midnight maximum and midday minimum in October. These and

similar special characteristics are due to local or regional factors with which this brief summary is
not concerned.

§ 7—DIURNAL VARIATION OF VAPOUR PRESSURE ASSOCIATED WITH CLIMATIC TYPES

The stations in Table I have been chosen as far as possible to represent the main climatic types
of the well-known classification of Képpen. There are, however, not enough data to cover the more
remote parts of the world and the corresponding climatic types are not represented. An attempt has
been made to give reasonable coverage for continental, coastal and oceanic areas.

The broad characteristics of the diurnal variation of vapour pressure associated with the prin-
cipal climatic types are briefly discussed below, and illustrated by selected stations from Table I.
These examples, however, do include characteristics peculiar to the station in question; and it is
not in general possible to associate a particular curve with a particular climatic type.

Arctic climate. (Gaasefjord (1) and Jan Mayen (2).) Gaasefjord, effectively a continental station,
shows extremely low values of vapour pressure, except in July. The daily range is small in April and
July, and zero at the onset of winter and during the polar night (October and January). At Jan Mayen,
a maritime station, though absolute values are somewhat higher than at Gaasefjord the range is still
quite small. The times of maximum and minimum, about midnight and 1800 respectively for
January (during the polar night) are curiously different from those for the other months.

Continental (extra-tropical) climate. (Irkutsk (9).) The range is less than 1 mb., and the absolute
values are low, except in summer. The early maxima in April, July and October reflect perhaps the

onset of convection and depletion of soil moisture during the forenoon. The minima occur near dawn
at all seasons.

Temperate maritime climate. (Valentia (10) and Kew (11).) The daily range is small at all seasons,
its greatest value, in summer, being only a little more than 1 mb. Apart from the early evening maxima
in July and October, at Kew the diurnal variation appears to follow closely that of the temperature.

Tropical maritime climate. (Hamilton (Bermuda) (25), St. Helena (47) and Mauritius (49).) The
daily range is of the order 1 to 2 mb. Hamilton (Bermuda) and Mauritius show a marked annual
variation, reflecting the seasonal changes in air trajectory and underlying sea temperatures associated
with the trade winds in winter and spring, and the proximity of the doldrum belt to these stations in
summer and early autumn. At St. Helena the vapour-pressure values at all seasons are characteristic
of the trade winds, a reflection of the fact that in the Atlantic the intertropical convergence zone
rarely moves south of the equator.

Desert climate. (Tamanrasset (30) and Alice Springs (51).) The diurnal range is small, except in
summer, when it amounts to about 3 mb. The decrease from the early forenoon maximum at Alice
Springs, except in July, probably reflects the depletion of surface moisture (dew) by evaporation and
convective transport.

Monsoon climate. (Hong Kong (31) and Bombay (33).) The marked feature is the large annual
variation; by comparison the daily variation is, on the whole, small and calls for no comment.
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Equatorial continental climate. (Stanleyville (40).) The uniformly high values throughout the
year and the comparatively large diurnal variation, reflect the intense solar heating of the ground,
coupled with abundant surface moisture.

Equatorial maritime climate. (Djakarta (43).) The daily variation, smaller than at Stanleyville, is
clearly associated with the smaller variation of temperature due to the greater cloudiness at an
equatorial island as compared with an inland situation.
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