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The distributions of most chemical species in 
the stratosphere are affected by both dy
namical and chemical processes. Conversely, 
the distribution of certain photochemical spe
cies, such as ozone, can influence the radia
tive budget of the stratosphere, affecting tem
peratures and motions. Satellite remote ob

servations of the stratosphere to date have provided only 
temperature and constituent measurements. The horizon
tal winds on a global basis have been deduced from tem
perature fields by using the thermal wind relationships, 
which relate the vertical shear of the geostrophic wind 
components to horizontal temperature gradients. These 
equations, however, are only a good approximation for 
large scale, low-frequency, extratropical flows.1 The High 
Resolution Doppler Imager (HRDI) on the Upper Atmo
sphere Research Satellite (UARS) will measure directly for 
the first time the global horizontal wind field in the strato

sphere and mesosphere. The UARS contains 10 instru
ments designed to study various aspects of the chemistry 
of the stratosphere and above. It is scheduled to be launched 
this Fall into a 600 km circular orbit inclined 57° to the 
equator.2 

Knowledge of the stratospheric wind field will, for ex
ample, allow questions to be answered concerning how 
transport and mixing influence the ozone budget in the 
lower stratosphere, and what are the mean and eddy circu
lations associated with observed semi-annual oscillations. 
In the mesosphere, the wind measurements will help assess 
the relative role of turbulent diffusion and bulk advection in 
accounting for mesospheric tracer budgets. 

The goal of HRDI is to measure the vector winds in the 
stratosphere (10-40 km), mesosphere, and lower thermo
sphere (65-110 km) during the day, and the mesosphere at 
night to an accuracy of 5 meters/second. In addition to 
winds, the instrument will also determine temperatures, 

cloud top heights, and some aerosol 
properties. The measurement technique3 

consists of using the Doppler shift of 
rotational lines of molecular oxygen 
along two lines of sight to determine the 
horizontal wind vector. Figure 1 is a sche
matic illustrating the physical processes 
involved in the measurement. Depend
ing on the band and atmospheric region, 
molecular oxygen lines can be observed 
in either emission or absorption, the 
latter dominating below ~50 km. Solar 
radiation incident on the atmosphere is 
absorbed, exciting molecular oxygen into 
the O 2(b 1Σ g

+) state. This can occur di
rectly through resonance or photochemi
cal reactions.4 When this process takes 
place in the mesosphere or above, where 
quenching effects are small, the O2 emis
sion lines in the A band of the (b 1Σ g

+,v =0 
-X1Σg

-v =0) transition are observable. The contribution 
from emission in the B(1,0) and γ(2,0) bands is much 
weaker because the excited vibrat ional states are 

FIGURE 1 
SCHEMATIC ILLUSTRATING THE PHYSICAL 

PROCESSES INVOLVED IN THE HRDI MEASUREMENT. 
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collisionally quenched into the v'= 0 state before the elec
tronic transition takes place. Emission in the B and y bands 
can thus be ignored in the stratosphere and mesosphere. 

Below ~50 km, electronic quenching (b1

 g

+ - X1

 g

-) rather 
than emission dominates the loss process. In this case, the 
photons absorbed are not reemitted, and absorption lines 
develop in the spectrum. Absorption features in the A 
(~762 nm), B (~690 nm), and 7 (~630 nm) bands can be 
observed when solar radiation is elastically scattered by 
molecules (Rayleigh) and aerosols (Mie) into the field of 
view of the observer. This scattering may occur before or 
after light is reflected from the surface. The line features 
generated by the atmospheric bands (see Ref. 3) are gener
ally quite narrow, ~0.001 nm wide, and lend themselves to 
the Doppler shift measurement. 

Instrumentation 
A horizontal wind speed of 10 m/s, which is typical for the 
middle atmosphere, causes a Doppler shift of ~2 x 10-5 nm. 
This small shift requires a high resolution spectrometer 
with high sensitivity and very good stability. The HRDI 
instrument is designed around a high resolution Fabry-
Perot interferometer. The Fabry-Perot was chosen because 
of its large light gathering power and high resolution. Figure 

2 shows the optical layout of the instrument. The HRDI 
instrument consists of three components: the telescope, 
the interferometer, and the microprocessor and electron
ics. Light from the atmosphere is collected by a fully 
gimballed telescope that allows observation on either side 
of the spacecraft. The telescope is a 17.8 cm diameter off-
axis Gregorian design with vertical and horizontal fields of 
view equal to 0.12° and 1.37°, respectively. Light enters the 
interferometer either from the telescope or from calibra
tion sources (spectral and incandescent lamps) by posi
tioning a scene selector mirror. The light beam is expanded 
from 3 mm diameter to 25 mm and passes through a dual 
filter wheel. Each filter wheel holds eight filters and each 
filter has a bandwidth of ~0.8 nm. A small fraction of the 
light is collected by a photometer that provides informa
tion on the brightness in the broader spectral region. The 
light beam is then further expanded to 96 mm diameter and 
passes through the etalons. The instrument includes three 
etalons in tandem to reduce the amount of unwanted light 
that would otherwise be transmitted by a single etalon. The 
first two etalons have piezoelectrically adjustable gaps, 
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FIGURE 2 
OPTICAL LAYOUT OF THE HRDI INSTRUMENT. 

LRE = LOW RESOLUTION ETALON, MRE = 
MEDIUM RESOLUTION ETALON, HRE HIGH 



and have a moderate (~0.01 nm) and low (~0.08 nm) reso
lut ion. The th i rd etalon has a fixed gap and has the highest 
resolut ion (~0.002 nm). 

The rat ional for these choices is given by Skinner et al.5 

The spectral ly d ispersed beam is focused on the detector 
by a telescope with folded opt ics that al lows a two-meter 
focal length to be incorporated in about a one-half meter 
space. The detector is a mult ip le channel concentr ic r ing 
detector that spat ial ly scans the highest resolut ion etalon 
in wavelength. This device, known as an Image Plane Detec
tor (IPD), 6 is a photomult ip l ier wi th an anode pattern that 
dupl icates the interference pattern of the interferometer. 
This al lows mult iple wavelengths to be s imul taneously 
sampled. For the device used on HRDI, 31 wavelengths are 
sampled wi th the spectra l w id th of each channel cover ing 
about 0.001 nm. The detector range covers more than a free 
spectral range of the high resolut ion etalon and this, com
bined wi th the adjustable nature of the other etalons, 
al lows any desired wavelength to be detected. The HRDI 
instrument is contro l led by a dedicated microcomputer . 
The computer is necessary to proper ly contro l the spacing 
of the piezoelectr ical ly contro l led etalon gaps, compensate 
for thermal drifts, and to point the telescope. 

The instrumental width (~0.001 nm) is significantly greater 
than the shift due to atmospher ic winds. It is important to 
recognize that HRDI measures Doppler shifts on the order 
of 10-5 nm, and is not attempting to resolve spectra l features 
of this magnitude. It has long been recognized (see Ref. 3) 
that the abil i ty to determine a spectra l shift is related only 
to the signal-to-noise ratio and the sharpness of the spec
tral feature. The wid th of the spectra l l ine depends on the 
instrument wid th and the atmospher ic l ine shape. There
fore, there is no reason to make the instrument resolut ion 
much narrower than the l ine, as the resultant signal w i l l not 
become sharper and the signal-to-noise wi l l typical ly get 
worse. 

Mode of operation 
The design of the HRDI instrument al lows for versat i le 
programming of operat ional modes. Here a single mode is 
descr ibed to i l lustrate the procedure. The operat ional 
modes of the instrument are stored in the computer 's 
memory as look-up tables. These tables contain informa
t ion on the telescope point ing, interferometer tuning wave
length, and dwel l t ime at each alt i tude. The mode descr ibed 
here is the stratospher ic dayt ime wind mode that scans the 
stratosphere from 10 to 40 km with a hor izonta l resolut ion 
of ~250 km. The telescope init ial ly looks forward, about 45° 
to the spacecraft ve loc i ty vector , and vert ical ly scans the 
atmosphere, pausing at each tangent alt i tude long enough 
to col lect enough signal to meet the required stat ist ical 
accuracy. The interferometer v iews a l ine in the y band 
below 30 km and shifts to a B band line at higher alt i tudes. 
This al lows the instrument to v iew the l ine wi th op t imum 
strength. The telescope scans f rom the lowest alt i tude to 
the highest and repeats the same wavelength and t iming 

sequence as it scans back down. After this sequence is 
per formed, the te lescope slews to look backwards, 135° to 
the ve loc i ty vector . The t ime for the two ver t ica l scans and 
slew is 65.5 seconds. The telescope then repeats the two 
ver t ica l scans and slews back to the forward looking direc
t ion. This sequence repeats unt i l the computer issues the 
commands to start a new mode. Wi th the mode descr ibed, 
a backward looking scan wi l l look at very nearly the same 
vo lume in space as a forward looking scan had v iewed nine 
minutes earl ier. The look di rect ions at this vo lume wi l l 
differ by 90°, a l lowing the two measurements to be com
bined to form a vector . 

The data from HRDI consists of a spectrogram of 32 
points (31 from the interferometer and 1 f rom the photom
eter channel) , the te lescope point ing d i rect ion, and a num
ber of parameters descr ib ing the thermal and electr ical 
state of the instrument. A l l spectrograms from a given 
alt i tude are averaged and corrected for instrumental ef
fects. The l ine of sight Doppler shift is then determined and 
conver ted to a l ine of sight w ind speed. Since this repre
sents the integral effect of a tmospher ic mot ions, and not a 
point value, data are then inverted using kernels developed 
by Hays and Abreu . 7 This gives a hor izonal component of 
the w ind veloc i ty along a part icular look d i rect ion. These 
are combined wi th measurements f rom an orthogonal look 
d i rect ion to prov ide the vector w ind at a given point. The 
result is an alt i tude stack of w ind vectors along the satell i te 
track. Data from other sources (rawindsondes, rockets, 
etc.) wi l l per iodical ly be used to veri fy the veloc i ty recov
ery and prov ide the zero veloc i ty reference. The final step 
in the process ing is to interpolate the data onto a common 
UARS spat ial and temporal gr id for use by the scienti f ic 
communi ty . 
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