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ABSTRACT

Mean layer virtual temperature estimates, based on geopotential height measurements, form the basis for
one approach being used to monitor changes in upper-air temperature. However, virtual temperature is a
function of atmospheric moisture content as well as temperature. This paper investigates the impact of real or
apparent changes in atmospheric moisture on changes in mean layer virtual temperature. Real changes in mean
layer specific humidity of up to 50% would cause changes in mean layer virtual temperature of less than 1°C,
except in the tropical boundary layer, where the high moisture content would lead to larger virtual temperature
changes. The effect of humidity changes is negligible in polar regions and most pronounced in the tropics, which
could influence the interpretation of the latitudinal gradient of virtual temperature trend estimates. Improvements
in radiosonde humidity sensors since 1958 have led to an apparent decrease in atmospheric humidity. On global
average, for the 850-300-mb layer, such changes are estimated to contribute to an apparent cooling of between
0.05° and 0.1°C, or about 10% to 20% of the observed warming trend since 1958.

1. Introduction

Interest in global climate change has led to moni-
toring of global temperatures, both at the surface and
in the upper air. For the latter, the main source of data
is the global radiosonde network, from which data ad-
equate for the task are available since about 1958. A
convenient measure of the mean temperature in a layer
bounded by two predetermined pressures is the geo-
potential height difference between these two pressure
surfaces (the thickness of the layer), which depends
on the density of the air in the layer. The density is

largely a function of the mean temperature in the layer
" but also depends on the moisture content. This depen-
dence on both temperature and moisture is expressed
by the virtual temperature, T, which is the temperature
that dry air would have if it had the same density as
moist air at the same pressure.

Computed heights of the pressure surfaces depend
on the vertical density distribution between the pres-
sures, not just the density at particular pressure levels,
and so the thickness of the layer reflects conditions in
the entire layer. Angell (1988) and others (Dronia
1974; Hense et al. 1988) have converted thicknesses
to mean layer temperatures to monitor temperatures
in the troposphere and lower stratosphere.

The temperature obtained from the thickness is the
mean layer virtual temperature, { T, ), rather than the

Corresponding author address: Dr. William P. Elliott, NOAA Air
Resources Laboratory, R/E/AR, 1315 East-West Highway, Silver
Spring, MD 20910.

© 1994 American Meteorological Society

mean layer temperature, { T, which would be mea-
sured by a thermometer. Because ( T, ) is also a func-
tion of the moisture distribution in a layer, any change
in moisture could be interpreted as a change in mean
temperature of the layer. Because models that show
substantial warming of the troposphere with increases
in greenhouse gases also show substantial increases in
water vapor in the troposphere, it is worthwhile to see
how much moisture affects apparent mean layer tem-
peratures calculated from thicknesses. We also examine
the effect of improved humidity instruments on {7, )
estimates.

2. Virtual temperature

In practice, one obtains ( T, ) by inverting the hyp-
sometric equation for the differences in height between
two pressures;

(To) = (Z2— Z,)/[(Ra/g) In(py/p2)], (1)

,where {T,) is the mean virtual temperature between

" pressures p, and p; at geopotential heights Z, and Z,,
respectively; R, is the gas constant for dry air; and g
is the acceleration of gravity at sea level. The equation
for T, at a point is

T,=(1+0.608¢)7T, (2)

where g is the specific humidity in grams per gram
(Iribarne and Godson 1981).

Usually T, exceeds T by less than 1°C but in tropical
regions with high temperatures and moisture content,






