Report on the 5th IAGA/ICMA/CAWSES workshop
“Long Term Changes and Trends in the Atmosphere”
     The workshop was held in the Arctic and Antarctic Research Institute in St. Petersburg, Russian Federation, on 9-12 September 2008. It was attended by 45 scientists (including a few doctoral students) from four continents, Europe, Asia, Northern America and Southern America. Altogether 33 oral (including twelve invited) and 7 poster papers were presented. Program Committee: J. Lastovicka (chairman), G. Beig, J. Emmert, M.Jarvis, O. Troshichev (chairman of LOC).
     The workshop was focused on long-term changes trends in the mesosphere, thermosphere and ionosphere. However, papers on trends in the stratosphere (including ozone), stratosphere/troposphere and stratosphere/upper layers interactions, on tropospheric trends, and on long-term changes in solar wind/geomagnetic activity were presented, as well. 
     Lastovicka gave an overview of the state-of-art in knowledge and understanding long-term trends in the mesosphere, thermosphere and ionosphere. He stressed simultaneous action of several sources of long-term changes: greenhouse gases, stratospheric ozone depletion, changes of geomagnetic activity, changes of the Earth’s magnetic field and a few others. Therefore trends themselves and mutual role of various agents in them are not stable in time. Makarova and Elias dealt with long-term changes in the solar wind magnetic field and geomagnetic activity. Cnossen treated the role of solar activity in determination of trends.      

     Pokrovsky, Avakyan and Elias studied long-term changes in the troposphere and their causes including influence of solar and geomagnetic activity. Pokrovsky suggested a new method, quantile regression technique, for studying temperature trends in the stratosphere and lower stratosphere. Foelsche and Steiner presented a new, GNSS-RO (radio occultation)  based database for studying trends in the UT/LS region and atmospheric change detected from this database; long-term changes appear to be relatively weak over 1995-2008 and NCEP/NCAR and ECMWF, GNSS-RO and radiosondes somewhat differ, partly even as to sign of changes. Baldwin demonstrated effects of long-term changes in the stratosphere on tropospheric climate and discussed possible mechanisms. Pogoreltsev dealt with strengthening of the stationary planetary wave k = 1 and its impact on the middle atmosphere, particularly the stratosphere.
     Several presentations treated long-term changes of ozone concentration. Staehelin summarized long-term trends in stratospheric ozone; the impact of the Montreal protocol is already seen in midlatitude ozone, whereas it has not been revealed in the Antarctica due to longer delay of ozone depleting substances (ODS) transport and more than enough ODS to deplete ozone at 15-20 km in the ozone whole maximum. Suvorova found an increase of longitudinal variation of ozone concentration with its decreasing total content. Jadin analyzed correspondence of the total ozone and surface temperature trends. Milenevsky illustrated zonal asymmetry in total ozone distribution and tropopause height during Antarctic spring. Zossi de Artigas studied impact of the QBO in equatorial wind on trends in total ozone.
     The middle atmosphere responds also to high energy particle flux variability. Krivolucki presented model results on long-term (duration a couple of months) effects of solar proton events on mesospheric and particularly stratospheric composition at high latitudes in winter. Semeniuk analyzed response of the middle atmosphere to ionizing particle precipitation.
     Long-term changes and trends in the mesosphere and lower thermosphere (MLT) were studied in several parameters. Jacobi presented change of trend in the mesopause region winds around 1990 and discussed its relation to changes of stratospheric trends and long-term variations, while Merzlyakov analyzed structural changes in trends in the MLT winds at middle and high latitudes. Beig reviewed the MLT temperature response to long-term changes in solar activity, particularly to 11-year solar cycle. Amnosov and Gavrileyva analyzed temperature trends over Yakutia; if they succeed at least partly fill in the gap in the 1990s, this dataset becomes very useful. Fomichev presented results of modeling towards understanding the middle atmosphere temperature trends in terms of radiative energy budget changes. Peters analyzed long-term variability of the boreal mesosphere based on very long data series of the LF radio wave phase reflection height measurements. Bremer found a positive trend in polar mesospheric summer echoes (PMSE), which depend on temperature and water vapour concentration. First results on trends in PMSE from Kiruna, which generally agree with results of other observations, were presented by Smirnova. Recent satellite measurements found a gap in water vapour concentration at NLC/PMSE “ice” heights and increased water vapour concentration below, where ice is melting, as expected (Feofilov). 
     Emmert/Akmaev analyzed climatology and long-term trends of thermospheric density based on drag of about 5000 satellites and other objects; trend of density at 400 km was found to be -2,7±0.5 %/decade. Akmaev presented results of modelling of greenhouse cooling of the upper atmosphere and stressed important role of stratospheric ozone depletion in the mesosphere and lower part of the thermosphere (maybe almost to about 200 km). Danilov used trends in the F2 layer ionosphere parameters as indicators of trends in thermospheric dynamics.
     Long-term trends in the neutral atmosphere induce trends in the ionosphere, where two additional factors to greenhouse gases play a role – long-term changes of geomagnetic activity and of Earth’s magnetic field. Mikhailov further developed the concept of geomagnetic control of trends in the ionosphere. On the other hand, Qian presented model results on trends of greenhouse gas increase origin and found significant effect in hmF2 but weak effect in foF2. These results enable interpretation of predominantly geomagnetic control of trends in foF2 but predominantly greenhouse gas control of trends in hmF2 at present (not necessarily in the past). Elias presented experimental results on Earth’s magnetic field changes impact on trends in the F2 region, while Cnossen did the same by model simulations. Long-term changes of the Earth’s magnetic field play a very important role in equatorial and middle latitudes of South America and southern Atlantic Ocean, while in some other regions, like Europe, they are quite negligible. Shirockov focused on trends on ionospheric trends in the southern polar cap, while Kobyakova dealt with trends in north-eastern Asia. Mansilla/Elias treated the QBO effect in foF2 at the southern crest of the equatorial anomaly.
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