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Abstract

Different nations use different algorithms or other techniques to
convert temperatures and relative humidities from radiosonde ob-
servations to dewpoint depressions. Thus, itis possible for identical
measured values to result in different reported dewpoints. On the
basis of a sample of conversion methods, we calculate the possible
differences among the national practices. In general, the discrepan-
cies are not large and would often be lost in the usual round-off
procedures associated with transmission over the Global Telecom-
munications System, but in cold, dry conditions dewpoints different
by more than 1°C couid be reported for identical conditions. Some
of the methods have been changed over time, so there is also the
possibility of inhomogeneities in climate records.

Increasing focus on climatological time series has
prompted examination of instrument characteristics
and data handling practices. Because weather data
are not collected primarily for maintaining long-term
homogeneous records, students of climate need to be
aware of inhomogeneities in records, in both space
and time. Recent articles in this journal have ad-
dressed problems with the homogeneity of radio-
sonde data: Finger and Schmidlin (1991) discuss
comparisons of different radiosondes, Schwartz and
Doswell (1991) discuss problems with North American
radiosonde records, Elliott and Gaffen (1991) focus on
U.S. radiosonde humidity records, and Garand et al.
(1992) discuss effects of differences in humidity-
reporting practices, particularly between the United
States and Canada.

Garand et al. (1992) mention differences in meth-
ods of converting relative humidity, U, to dewpoint
depression, D, but they do not discuss the quantitative
effects of such differences, and they focus on the
extremes of the relative humidity distribution. In this
note, we compare quantitatively some of the different
methods for calculating D in use around the world and
assess the effects of these differences.

Radiosonde humidity elements produce signals
proportional to relative humidity that are converted to
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D at the receiving station for transmission over the
Global Telecommunications System (GTS). There is
no agreed-upon procedure for this conversion, and
different nations use different methods and algo-
rithms. Thus, identical values of temperature, T,and U
can result in different reported D. These potential
discrepancies are separate from any differences in
radiosondes themselves and from different national
coding practices, including cutoff temperatures and
humidities.

Toinvestigate this potentialinhomogeneity, a ques-
tion on methods of converting relative humidity and
temperature to dewpoint was included in a survey of
the history of radiosonde instruments and practices
conducted for the World Meteorological Organization
(Gaffen 1993). A subset of 16 of the 48 nations that
responded to the questionnaire provided information
on their conversion methods. These nations were
Belgium, Bulgaria, Canada, China, Cuba, (former)
Czechoslovakia, Denmark, Finland, Germany, India,
New Zealand, Poland, the (former) Soviet Union,
Switzerland, the United Kingdom, and the United
States. This sample is a small fraction of the nations
taking radiosonde observations, but it represents a
substantial fraction of the Northern Hemisphere land
area. All told, 26 past and current techniques were
reported, 16 of which were computational algorithms.
The others were graphs, homograms, and special
slide rules for manually calculating D from Uand T.

The various algorithms, slide rules, etc., were used
to calculate D at different temperatures and relative
humidities. The algorithms and other methods will be
described and their differences discussed more fully in
the WMO report (Gaffen 1993). Here we summarize
these comparisons to call attention to this source of
inhomogeneity.

Any conversion of U and Tto D must be based on
a relation between saturation vapor pressure and
temperature. Because the relation is complicated, a
number of approximations have been developed,
based in part on experimental data. The most widely
used approximation is the Magnus form,
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Fia. 1. The range (maximum minus minimum) of dewpoint
depression values obtained from the algorithms, as a function of
relative humidity, at four temperatures, —40°, —20°, 0°, and +20°C.

log,, (e,/6,0) = aT/ (b + T) (1)

where e_is the saturation vapor pressure at tem-
perature T (in °C), e_ is the saturation vapor pressure
at 0°C, and a and b are empirically determined con-
stants. The most frequently reported values of these
constants, a=7.5, b=237.3, ¢, = 6.11, were those
given by Tetens (1930), although a=7.45, b=235, e_,
= 6.107 were also reported. Other suggested values
can be found in Buck (1981). Very few replies identi-
fied the source of their algorithms, but inspection and
some algebraic manipulation often revealed the un-
derlying form (and allowed correction of some typo-
graphical errors). Many were of the Magnus form,
using Tetens’s or closely related values of the con-
stants. Other relations were numerical fits to more
elaborate equations (e.g., Hooper 1986). The sources
of a few were not so apparent, particularly the graphs,
nomograms, etc.

Figure 1 shows the differences between the largest
and smallest values of D calculated with the algo-
rithms, plotted against U, for several values of T.
These could be interpreted as spatial differences
found on a given day due solely to differences in
algorithms. The maximum differences are not large
except in cold, dry conditions, where they can exceed
1°C. In general, the range of values of D decreases
with increasing T and with increasing U. Because D is
transmitted overthe GTS only to the nearest 1°C when
D exceeds 5°C, many of these discrepancies would
be lost in the round-off process, although it is possible
that a small discrepancy could be magnified to a 1°C
discrepancy in the transmitted value. Nevertheless,
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they will exist in the station records, which usually
show precisions of 0.1°C.

The slide rules, graphs, and other manual methods
alsowere usedtofind D, buttheir values were not used
in Fig. 1. Some manual methods permitted only whole-
number values of dewpoint depression for D > 5°C,
and the poor precision with which others could be
read, particularly at low temperatures, makes com-
parisons with algorithms misleading. The discrepan-
cies among these methods is consistent with Fig. 1—
that is, largest discrepancies in cold, dry conditions.

The distribution of D values for one point in Fig. 1,
that at T=0°C and U= 20%, is shown in Fig. 2. While
the range of values approaches 0.6°C, two-thirds of
the values do not differ by more than 0.2°C. A new
formulation for the dependence of saturation vapor
pressure on temperature (Sonntag 1990) leads to a
value of D=20.31°C. Eleven of the 16 algorithms give
values within 0.1°C of this number. The difference
between D=20°Cand D=21°C at T=0°C corresponds
to a difference in relative humidity of aimost 2%.

The implied spatial differences due to these algo-
rithms are generally not large and are within the
presumed accuracy of the basic measurement. Nev-
ertheless, at upper levels, where air is often cold and
dry, false horizontal gradients are possible.

Furthermore, those examining moisture time series
need to be aware that countries have changed their
algorithms at times. For one of the two countries that
indicated a change in algorithm, the change could be
misinterpreted as a moisture increase of about 2%—
3% at 500 mb. Thus, changes in conversion algo-
rithms are another potential source of inhomogeneity
in humidity time series.

Finally, although we have focused on conversions
from U to D for upper-air data, analogous problems
exist in surface data. This usually involves converting
wet-bulb depressions and temperatures to other hu-
midity variables, and there are a number of different
formulas employed for this purpose (Sonntag 1989).
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Fia. 2. Distribution of dewpoint depression values from 16
algorithms at 0°C and 20% relative humidity. Each bar represents

the number of algorithms yielding dewpoint depressions between
the abscissa values.
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In summary, there are differences in algorithms
used to calculate dewpoint depressions from upper-
air measurements of temperature and relative humid-
ity. These differences can produce small but
nonnegligible inhomogeneities in upper-air humidity
data, particularly in cold, dry conditions. It is important
to keep in mind that we have only a small sample of
national practices (albeit ones that cover a substantial
number of stations). There may well be algorithms in
use that produce larger discrepancies than shown
here. Additionally, there very likely were changes in
algorithms over time unreported to us. These would
have been particularly likely when computers replaced
hand calculations. Further changes are probable as
nations change radiosonde systems and computers
are upgraded. Adoption by all of a single conversion
algorithm would relieve the problem in the future, but
inhomogeneities in the record will remain. Analysts will
have to consider this possibility when examining long-
term records.
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