THE MARTIAN UPPER ATMOSPHERE DURING PHASE 2 OF MARS GLOBAL SURVEYORAEROBRAKING: COMPARISON TO PREDICTIONS P. G. Withers1, S. W. Bougher1, and G. M. Keating2,1Lunar and Planetary Laboratory, University of Arizona, Tucson AZ 85721, USA, 2George Washington University,Hampton VA 23681, USA. Email: withers@lpl.arizona.eduIntroduction: The Mars Global Surveyor acceler-ometer [1] provided density, density scale height, andtemperature data for each orbit at periapsis and 130 kmaltitude (both inbound and outbound). It observed largeand unexpected variations in upper atmospheric den-sity with longitude. A stationary wave fit to thesevariations changed in both amplitudes and phases withlatitude and did not correlate precisely with topogra-phy. Longitudinal variations were not predicted at alland the mean behaviour of the upper atmosphere wasonly partially predicted, with the south polar regionbeing particularly poorly predicted.Background: Mars Global Surveyor (MGS) hascompleted aerobraking. During phase 2 of aerobraking(September 1998 - February 1999) the elliptical, nearpolar orbit penetrated the atmosphere for ~10„ eitherside of periapsis. Periapsis precessed from ~60„N tothe south pole and back to ~60„S, sampling variouslongitudes. The local solar time range of periapsis wasmore restricted, being ~1500 until periapsis neared thesouth pole when it quickly changed, through midnight,to ~0200 as periapsis crossed the terminator. Periapsisaltitude was ~110 +/- 10 km. During this period Marswas passing through aphelion and the season wasnorthern spring.The accelerometer (ACC) data, intended for mis-sion support, is also a valuable scientific resource. Fu-ture processing by the instrument team will generatevertical profiles of density, density scale height, andtemperature for each orbit.Predictions of these three properties during aero-braking were made by the Mars Thermosphere GlobalCirculation Model (MTGCM) for mission support [2].These predictions failed to completely capture someaspects of the martian upper atmosphere as measuredby MGS [3].Comparision to Predictions at 130km:Latitudinal variations in mid-latitudes. Mean den-sities and density scale heights are accurately pre-dicted. ACC densities vary by a factor of two fromorbit to orbit and ACC density scale heights by 25%.MTGCM temperatures are too warm by ~40K com-pared to mean ACC temperatures. ACC temperaturesvary by 25% from orbit to orbit.South polar region. Mean densities and densityscale heights are not accurately predicted in the southpolar region. MTGCM densities are too small by afactor of three, density scale heights by 25%. Meantemperatures are reasonably accurately predicted.Diurnal variations. South of 50„S data was ac-quired at a local solar time of ~1500 as periapsis pre-cessed towards the pole and ~0200 as periapsis pre-cessed away from the pole. North of 70„S densities,density scale heights, and temperatures were greater at~1500 than at ~0200. South of 70„S, as the local solartime of periapsis passed through midnight, diurnalvariations were negligible, as expected for the polarnight.Longitudinal variations. Unexpected stationaryvariations in density with longitude of a factor of threewere observed (figure 1). No such variation is ob-served on Venus or the Earth. A stationary wave fit tothese variations changed in both amplitudes and phaseswith latitude and did not correlate precisely with to-pography (figure 2). The stationary nature of the wavessuggests that they are generated by topographic effects,then propagate upwards. The MTGCM does not pre-dict any longitudinal variation in the upper atmos-phere.Discussion: The mean behaviour of the martianupper atmosphere is incompletely predicted byMTGCM. A vertical offset in coupling to a lower at-mospheric global circulation model enables mean den-sities and density scale heights (but not temperatures)to be correctly predicted outside polar regions. Longi-tudinal variations are not predicted at all but are a ma-jor contribution to upper atmospheric structure. Theyare probably the major surprise of the MGS upper at-mospheric studies to date.MTGCM and other models will be used to supportMars Climate Orbiter in its scheduled 6 weeks of aero-braking across the north polar region and along theterminator in dust storm season.References:[1] Keating G. M. et al. (1998) Science, 279, 1672-1676. [2] Bougher. S. W. et al. (1997) Adv. Space Res.,19, 1255-1260. [3] Bougher S. W. et al. (1999) Adv.Space Res., in press

MARTIAN UPPER ATMOSPHERE › COMPARISION TO PREDICTIONS: P. G. Withers, S. W. Bougher, and G. M. KeatingFigure 1: Longitudinal variation in outbound den-sity at 130 km. A wave 5 fit is shown to 25 orbits(P818 › P842). Latitude changed from 20 to 15 �Nduring the 25 orbits.Figure 2: Amplitudes of waves 1, 2, and 3 nor-malized to mean density as a function of latitude foroutbound densities at 130 km during Phase 2. A wave5 fit to 25 orbit running means was used. Colourscheme: wave 1 red, wave 2 green, and wave 3 blue.