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Introduction

• The Horizontal Wind Model 07 (HWM07) is a new
empirical atmospheric wind model [see poster 1540].
A variety of ground and space-based data sources
were included, but notably not data from the TIMED
Doppler Interferometer (TIDI).  TIDI has measured
mesosphere, lower thermosphere winds since early
2002. This poster presents a comparison of the winds
measured by TIDI and modeled by HWM07.
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HWM07
The Horizontal Wind Model 07 (HWM07) is a provisional empirical model of
horizontal winds in the troposphere, stratosphere, mesosphere, and thermosphere,
and is intended to succeed HWM93 [Hedin et al., J. Atmos. Terr. Phys., vol. 58, 1421-
1447, 1996]. In addition to the data
  used in HWM93, the model is based on extensive new ground-based and space-
based wind measurements, including height profiles from NASA-UARS/WINDII,
NASA-UARS/HRDI, measurements from ground-based optical and radar
instruments obtained from the NSF-CEDAR database, and lower atmospheric NCEP
data.
      In the thermosphere, the model consists of two parts: a quiet-time portion, and a
geomagnetically disturbed portion. The quiet-time part represents average wind
conditions when ap <= 12. The disturbed part represents average perturbation
winds for the specified ap input.
      The quiet part is represented by vector spherical harmonics in geodetic latitude,
geodetic longitude, and solar local time, up to wave number 8 in latitude, 2 in
longitude, and 3 in local time. The seasonal dependence is represented by harmonic
terms up to semiannual. The vertical structure is represented below 250 km by
cubic B-splines with node spacing of 5 km below 110 km and higher nodes at 110,
117, 125, 135, 150, 200, and 250 km. Above 250 km, an exponential decay function
with a scale height of 60 km is used; continuity up to the second derivative is
imposed at 250 km.
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 The disturbance winds depend on magnetic latitude, magnetic local time, and Kp.

The Quasi-Dipole magnetic coordinates described by Richmond [J Geomagn.
Geoelectr., vol. 47, 191-212, 1995] are used for the magnetic coordinates; the code
was obtained from the NSF-CEDAR database, and the interpolation grid was
computed from IGRF at 250 km and epoch 1994.0 The magnetic latitude and
magnetic local time dependence of the disturbance winds is represented by vector
spherical harmonics up to wave number 10 in magnetic latitude and wave number 3
in magnetic local time. At mid and low latitudes, only latitudinal  terms up to wave
number 4 are used; the transition from low resolution at low latitudes to high
resolution at high latitudes occurs at a pre-determined latitude that depends on
local time and Kp. The transition is made with an exponential function with a width
of 4 degrees. The Kp dependence is represented by cubic splines with nodes at 0, 2,
5, and 8. The Kp dependence is constrained to have zero slope at Kp=0 and Kp=8,
and is constant above Kp=8.

MODEL LIMITATIONS
- The model currently contains no solar activity dependence.
- The disturbed part depends only on magnetic latitude, magnetic local time, and Kp
(via the ap argument), and represents average disturbance winds in the upper
thermosphere (above 225 km). The disturbance winds are assumed to be constant
with height, with a smooth artificial cutoff below 125 km.
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HWM07 Data sources
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TIDI layout showing two of the four telescopes, the fiber optic
connecting the telescopes and profiler and the electronics box.

TIDI
The Thermosphere, Ionosphere, Mesosphere,
Energetics and Dynamics (TIMED) Doppler
Interferometer (TIDI) is a Fabry-Perot interferometer
designed to investigate the dynamics of the earth’s
mesosphere and lower thermosphere-ionosphere
(MLTI) from an altitude of 60 to 120 km as part of the
TIMED mission. TIDI is a limb viewer and observes
emissions from OI at 557.7 nm and rotational lines in
the O2(0-0) Atmospheric band at 762 nm to determine
the Doppler shift and hence the wind. Some of the key
TIDI parameters are shown  below.

Spacecraft altitude 625 km

Orbital inclination 74.1o

Time to precess 24 hours of local time 120 days (yaw every 60 days)

Altitude Resolution 2 km

Spectral Range 550 - 900 nm

Gap thickness 2.2 cm

CCD SITe ST-005AB

CCD size 2000 x  800 (1000 x 400 quadrant used)

Pixel size 15 x 15 microns

Number of telescopes 4 (45o, 135o, 225o, 315o to flight direction)

Aperture 7.5 cm

Field of view 0.05o (vertical) x 2o (horizontal)

Latitude coverage
-90o to 57o (south viewing) and -57o to 90o (north

viewing)

Emissions observed
O2 Atmospheric A band, O(1D) red line, O(1S) green

line

TIDI parameters



Single day local time coverage for TIDI measurements.
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TIDI single day geographical coverage
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Method:
1.TIDI V10 [current version] VECTOR files (L3) from
late 2003 until 2008 are used.
2.HWM07 is sampled at the same locations [time,
altitude, latitude, longitude, (local time determined
from time and longitude)]
3.Data are separated into warm and cold side
observations
4.Date are binned into 5 degree latitude bins, 1 hour
local time, 2.5 km altitude per yaw cycle.
5.Various slices are compared.
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TIMED yaw dates
(Day  15=15 January, 78=19 March, 142=22 May,

197=16 July, 262=19 September, 325=21 November)



TIDI and HWM07 winds as a function of spacecraft track angle for 7 September
2006 at 90 km
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Zonal wind comparison along spacecraft track angle on 7 September 2006
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Zonal wind comparison along spacecraft track angle on 7 September 2006
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Meridional wind comparison along spacecraft track angle on 7 September
2006
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Comparison of binned zonal winds as a function of altitude for the yaw period
extending from17 March to 19 May 2006 and 17 hours local time
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Comparison of binned zonal winds as a function of altitude for the yaw period
extending from17 March to 19 May 2006 and 7 hours local time
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Comparison of meridional winds at 90 km and 16 hrs. local time from 2004 to
2008

16 December 2008 Fall AGU SA21B-1536
17



Comparison of meridional winds at 90 km and -20 degrees latitude from 2004
to 2008
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Comparison of meridional winds at 16 hrs local time and -20 degrees latitude
from 2004 to 2008
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Conclusion

• This poster compared two independent sources
of MLT wind: TIDI and HWM07

• TIDI wind measurements and HWM07 model
results show good qualitative agreement.

• Possible sources of quantitative differences:
– Natural atmospheric variation

– Problems with TIDI data retrieval
• Interpretation made difficult by light lead and ice on optics

– Limitations of model
• e.g. there is no forcing from below (e.g. QBO)
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