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ABSTRACT

This study compares radiosonde and satellite climatologies of upper-tropospheric water vapor for the period
1979-1991. Comparison of the two climatologies reveals significant differences in the regional distribution of
upper-tropospheric relative humidity. These discrepancies exhibit a distinct geopolitical dependence that is dem-
onstrated to result from international differences in radiosonde instrumentation. Specifically, radiosondes
equipped with goldbeater’s skin humidity sensors (found primarily in the former Soviet Union, China, and
eastern Europe ) report a systematically moister upper troposphere relative to the satellite observations, whereas
radiosondes equipped with capacitive or carbon hygristor sensors (found at most other locations) report a
systematically drier upper troposphere. The bias between humidity sensors is roughly 15%-20% in terms of the
relative humidity, being slightly greater during summer than during winter and greater in the upper troposphere
than in the midtroposphere. However, once the instrumentation bias is accounted for, regional variations of
satellite and radiosonde upper-tropospheric relative humidity are shown to be in good agreement. Additionally,
temporal variations in radiosonde upper-tropospheric humidity agree reasonably well with the satellite obser-
vations and exhibit much less dependence upon instrumentation.

The impact that the limited spatial coverage of the radiosonde network has upon the moisture climatology is
also examined and found to introduce systematic errors of 10%—20% relative humidity over data-sparse regions
of the Tropics. It is further suggested that the present radiosonde network lacks sufficient coverage in the eastern
tropical Pacific to adequately capture ENSO-related variations in upper-tropospheric moisture. Finally, we in-
vestigate the impact of the clear-sky sampling restriction upon the satellite moisture climatology. Comparison
of clear-sky and total-sky radiosonde observations suggests the clear-sky sampling limitation introduces a modest
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dry bias (< 10% relative humidity) in the satellite climatology.

1. Introduction

Water vapor is widely recognized to be of funda-
mental importance in determining climate and its sen-
sitivity to increasing greenhouse gases. While lower-
tropospheric water vapor is generally accepted to pro-
vide a positive feedback within the climate system,
there is less consensus regarding the role of upper-tro-
pospheric water vapor. Much of the uncertainty sur-
rounding upper-tropospheric water vapor stems from
concerns regarding our ability to accurately measure its
distribution and climatological variations. Potential
problems in radiosonde observations are frequently
cited (e.g., Elliott and Gaffen 1991). Consequently, an
improved understanding of the climatic role of upper-
tropospheric moisture requires an accurate assessment
of our present ability to monitor it on a global scale. In
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this study, we compare two of the largest global mois-
ture archives-—radiosonde observations and satellite
infrared measurements—to quantitatively evaluate our
ability to observe climatological variations in upper-
tropospheric water vapor.

Satellite observations of the upwelling infrared ra-
diation in the 6.3-um water vapor absorption band pro-
vide a unique source of information on tropospheric
water vapor. The TIROS Operational Vertical Sounder
(TOVS) carried on board the NOAA series of polar-
orbiting satellites contains three water vapor channels
located at 6.7, 7.3, and 8.3 um that are sensitive to
relative humidity in the upper, middle, and lower tro-
posphere, respectively. Water vapor radiance measure-
ments are available two to four times per day with near-
global coverage from February 1979 to the present.
This combination of high spatial-temporal coverage
and long duration is unmatched by any other water va-
por archive. The chief limitations of these measure-
ments are their poor vertical resolution and their re-
striction to clear and partially cloudy conditions.

The radiosonde network has long been the primary
observing system for monitoring tropospheric water






