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Fig. 1. Values of air density obtalned by means of satellites (refs. 1-12). with proposed ‘standard atmospheres’ (refs. 6, 18, 14).
Reference numbers are shown bestde the plotted points



Examples

Space objects are tracked by North American Aerospace Defense
Command (NORAD)

dr  pVC AT

Table 1. Characteristics of the Three Starshine Spacecraft and Their Orbits
Starshine Launch Inverse
Spacecraf Launch Reentry Height, Inclinaton, Mass, [hameter, Ballistic Coetticient,
(NORAD Number) Drate Drate km Eccentricity deg kg CH Cry cor am!
1 (25769) 1999 05 -27 2000 02~ 18 380 <0015 516 394 47.5 22 0099
2 {269946) 2001 1205 2002 05-01 360 <10.0:022 51.65 8.6 475 22 0.101
3 (26929) 2001 0929 2003 01=21 470 <0013 67.05 #9.5 93.5 2.1 0.161

(Lean et al., JGR2006)

Starshine satellite:
Student Tracked Atmospheric
Research Satellite Heuristic
International Networking

Experiment

http://www.azinet.com/starshine/
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July 14, 2009
Awesome noctilucent clouds in the Parisian sky
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Mass density trend due to greenhouse cooling ~ 250-350 km
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« CO, cooling at 15 pm (peaks ~ 120 km)
* NO cooling at 5.3 um (peaks ~ 150 km))
* O(®P) fine structure cooling at 63 um (maximizes > 200 km)

(Burns et al. [2011, Chapman conference ppt]&b)
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Infrared radiation from the thermosphere to space

Mlynczak, M. G., L. A. Hunt, C. J. Mertens, B. Thomas Marshall, J. M.
Russell lll, T. Woods, R. Earl Thompson, and L. L. Gordley (2014),
Influence of solar variability on the infrared radiative cooling of the
thermosphere from 2002 to 2014, Geophys. Res. Lett., 41, 2508-2513,
doi:10.1002/2014GL059556.
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Figure 1. Time series of SABER daily global infrared power for (top) MO and (bottom) COy, from 22 January 2002 to 11 March
2014. The &0 day running mean is shown by the blue curve in both cases. Data from more than 4400 days of SABER obser-

vations are in each series.
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Figure 1. Comparison of measured density variations for
active (solid curve) and quiet (dashed curve) conditions at 200
km as a function of geographic latitude for a polar orbiting
satellite in the 1040-2240 LT plane.

Crowley et al. [JGR, 1996]
= E200kmTh H %
RREEZE.

MR ERERE

B ELEF(Kp~5) D LLER.

San Marco satellite



Crowley (. RIS 725 E 5 fhZ-cellular structure (X I&
density cel)&EMED . BIFICIHENS2~4DF () EfEE %
BEMNBEBLI-CEIZLEEEZT-,

high

low

NCAR-TIGCMIZ &5
vIalb—i3y.

= 200 km,

Cross polar cap potential
drop = 90 kV




NETOELTEEBEARKEAIY a0 06

AEROS, Alouette, Atmospheric Explorer (AE)

Dynamics Explorer (DE)

Upper Atmosphere Research Satellite (UARS)

Thermosphere lonosphere Mesosphere Energetics and Dynamics
(TIMED)

Cosmic/FORMOSAT, C/NOFS

Aeronomy of Ice in the Mesosphere (AlIM)

Odin satellite, SCISAT-1(ACE-FTS)

NOAA satellites
Defense Meteorological Satellite Program (DMSP)

GPS - Total electron content
CHAMP, GRACE, SWARM, GOCE

F=LVES(SRATS), DD EY. BBEED., HIFIED. Ll dLY, (Geotail) ---



Year Experiment Data Lifetime Agency

1981 DE-2 Composition 18 Mos. MNASA

1982  SETA-2 Density 8 Mos. AFRL

1983  SETA-3 Density 8 Mos. AFRL

1985  S85-1 Density 3 Mos. AFRL

1988  San Marco Density 8 Mos. NASA

1999 LORAAS Composition 3 Yrs. NRL

2000 CHAMP Density 5+ Yrs. GFZ Potsdam

2001 TIMED GUVI Composition 4+ Yrs. NASA/APL/Aerospace
2002  GRACE Density 3+ Yrs. CSR, Texas

2003 SSULI/SSUSI Composition 3+ Yrs. DMSP/APL/NRL
2003  ORBITAL DRAG Density 30+ Yrs. AFRL/AFSPC/NRL

Figure 2 Satellite density measurements before and after the year 2000

(Marcos, AIAA 2006)



Cross-track wind from the accelerometer onboard

the SETA satellite
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Summary
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Figure 16. (top) Observed and (bottom) simulated gravity
wave and instability structures in NLC. Photo was taken at
Turku, Finland, on 21-22 July 1989, courtesy of Pekka Parvi-
anien. Streamwise-aligned instability structures are believed to
have accounted for the smaller-scale bright bands oriented
approximately normal to the gravity wave phase fronts in the
upper image. After Fritts et al. [1993b].
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Fritts and Alexander
(Rev. Geophys., 2003)



GCMDOEtE M Examples of GCM simulation (Fujiwara et al., 2011)
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