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SUMMARY

We live in an era in which human activities are causing significant changes to the
atmospheric environment which result in local to global consequences on the
ecosystems. Changes in the atmospheric composition impact our climate via chemical
and dynamical feedback mechanisms; in many instances they also affect air quality, and
the health of the biosphere. Monitoring and understanding those changes and their
consequences is fundamental to establish adequate actions for adaptation to and
mitigation of the environmental changes. Furthermore, after implementation of
regulatory measures like the Montreal Protocol, it is necessary to verify whether the
measures are effective. This can only be achieved if we have adequate detection
methods and a reliable long record of a series of key geophysical parameters.

Thus the AGACC project contributes to the provision of basic new knowledge
regarding the atmospheric composition and its changes, based on advanced ground-
based monitoring, in combination with satellite and numerical modelling data. Its results
are integrated in ongoing international research programmes.

The general objective of AGACC has been to improve and extend the ground-
based detection capabilities for a number of climate-related target species and, based
hereupon, analyse past and present observations to derive new information about the
atmospheric composition, its variability and long-term changes. Despite the advent of a
growing and more performant fleet of Earth Observation satellites, ground-based
observations are still indispensable to (1) guarantee long-term continuity, homogeneity
and high quality of the data, and (2) to underpin the satellite data for calibration and
(long-term) validation.

A first target gas is atmospheric water vapour. It is the key trace gas controlling
weather and climate. It is also the most important greenhouse gas in the Earth’s
atmosphere. Its amount and vertical distribution are changing, but how and why?
Especially in the upper troposphere - lower stratosphere, the radiative effects of changes
in the water vapour are significant and should be quantified. The measurement of water
vapour is a hot topic since several years. It is a challenge, because water vapour exhibits
a large gradient in its concentration when going from the ground to the stratosphere,
and because it is highly variable in time and space. For example, we have found that the
time scale of the variations of the total water vapour amount at Jungfraujoch is in the
order of minutes.

In AGACC, we have therefore investigated various experimental techniques to measure
the concentration of water vapour in the atmosphere, focusing on the total column as
well as on the vertical distribution in the troposphere up to the lower stratosphere. The
retrieval of water vapour vertical profiles and total columns from ground-based FTIR
data has been initiated at three very different stations where correlative data for
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