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Abstract-The Geostationary Imaging Fabry–Perot Spectrometer 
(GIFS) instrument is a next-generation satellite concept to be 
deployed on a geostationary satellite for continuous hemispheric 
imaging of cloud properties, including cloud top pressure, opti-
cal depth, fraction, and surface reflectance. GIFS uses an inno-
vative tunable imaging triple-etalon Fabry–Perot interferometer 
to obtain images of high resolution spectral line shapes of two O2 
B-band lines in solar backscattered solar radiation.  The GIFS 
remote sensing technique takes advantage of the pressure 
broadening information embedded in the absorption line shapes 
to better determine cloud properties, especially for those clouds 
below 5 km. We present a preliminary instrument design, in-
cluding the general instrument requirements, as well as ongoing 
work toward an aircraft prototype. 

I. INTRODUCTION 

Earth observations from geostationary orbit are ideal for 
providing long-term, diurnal, regional coverage of natural 
phenomena.  Long-term measurements of clouds, including 
their global distribution, cloud top pressure, optical depth, 
and cloud fraction, are needed to provide inputs to clima-
tological models for global change studies. A compact, low-
cost instrument capable of making these measurements is re-
quired to meet scientific research objectives for studies of 
climate in the 21st century. 

The Geostationary Imaging Fabry-Perot Spectrometer 
(GIFS) instrument concept is an ideal approach to make 
cloud property measurements with the desired spatial resolu-
tion, accuracy, and revisit time. It uses an innovative tunable 
imaging triple-etalon Fabry–Perot interferometer (FPI) to ob-
tain hemispheric images of high-resolution spectral line 
shapes of O2 Atmospheric band absorption lines in backscat-
tered solar radiation. The GIFS remote sensing technique 
takes advantage of the pressure broadening information em-
bedded in the absorption line shapes to better determine cloud 
properties, especially for clouds below 5 km. The GIFS team, 
based at The Johns Hopkins University Applied Physics 
Laboratory (JHU/APL) and the University of Michigan 
(UM), has recently demonstrated the feasibility of this tech-
nique using data from the High Resolution Doppler Imager 
(HRDI) onboard the Upper Atmosphere Research Satellite 
(UARS) [1]. Lessons learned from this feasibility investiga-

tion have been leveraged to provide the design of GIFS, an 
optimal cloud-sensing instrument. The versatile GIFS con-
cept can easily be modified to provide many other measure-
ments that are applicable to current scientific objectives. 

II. MEASUREMENT TECHNIQUE 

Techniques for the measurement of clouds from space 
fall into two categories: active and passive remote sensing. 
Active sensors that transmit microwave or laser light can 
provide high-resolution vertical information but are limited to 
point measurements along the satellite track. Passive imagers 
that measure the natural radiation emitted or scattered by 
clouds provide much greater horizontal coverage with limited 
vertical resolution. 

The O2 Atmospheric A, B, and γ (X3Σg-b1Σg, 0-0, 1-0, 
2-0) band transitions located at around 762, 685, and 637 nm, 
respectively, have absorption cross sections ideal for probing 
the atmospheric O2 density (and thus total density) in the 
Earth’s lower and middle atmosphere. Recent calculations 
indicate that estimates of cloud top altitudes as well as optical 
depths can be retrieved from observations of the O2 Atmos-
pheric bands using a moderate resolution (0.5–6.0 nm) spec-
trometer.  The accuracy of the estimates can be improved by 
measurements with higher spectral resolution and/or higher 
signal-to-noise ratio, where it is possible to characterize the 
spectral shape of an individual absorption line.  

Fig. 1 shows the calculated line shapes for a single O2 
B-band absorption line for a series of clouds of different 
cloud top pressures. The asymptotic radiance 
(~1.0x108 R/cm-1) contains information about the effective 
optical depth and surface reflectance. The shape, especially 
the width, of the absorption line contains information about 
the pressure levels where the scattering/surface reflection oc-
curs. The equivalent width of the absorption line contains the 
information about the amount of O2 in the total scattering 
path. The spectral resolution needed for individual line meas-
urements (~0.05 cm-1) is technologically achievable through 
the use of an FPI.   

The GIFS team has investigated the feasibility of retriev-
ing cloud top pressure using nadir-viewing spectral line shape 
measurements of the O2 B-band taken by HRDI, a triple-



 

etalon FPI onboard the UARS spacecraft [1]. From our HRDI 
experience, we conclude that there are several advantages of 
a specially designed FPI measurement technique over its 
spectrograph counterparts: 
• high-resolution absorption line spectra can capture pres-

sure broadening and equivalent width information, yield-
ing more accurate cloud top pressure and optical depth 
retrievals, especially for low-level cloud conditions;  

• high-fidelity calculations of single-line spectra are less 
computationally expensive, allowing more efficient re-
trievals;  

• individual lines can be selected that are free of contami-
nation from water vapor, solar Fraunhofer lines, effects 
of temperature variation, and other complications in the 
data analysis;  

• near-global high-spatial/spectral resolution line shape 
measurements over a 2-D spatial scene can be obtained 
with a short revisit time by the use of an FPI system op-
erating in an imaging mode. 
In order to implement the FPI measurement technique in 

a daytime imaging mode, we need the following instrument 
characteristics: 
• an optical system that provides an adequate SNR and 

white light rejection to meet accuracy requirements, 
while acquiring images fast enough such that cloud fea-
tures do not change appreciably during the acquisition of 
spectra;  

• adequate spectral resolution to resolve pressure broaden-
ing signatures in O2 line shapes; 

• a single O2 absorption feature suitable for providing 
cloud property information for various cloud types and 
heights; 

• spatial scan capability to obtain global coverage with 
physically meaningful spatial resolution. 
A concept for a spaceborne imaging FPI instrument, 

GIFS, has been developed to provide 2-D cloud properties 
from high–spectral resolution measurements of the O2 ab-

sorption line in solar backscattered radiation.  The baseline 
O2 lines selected for the GIFS investigation are the B-band 
PP7 and PQ7 lines at 14,502.8219 cm-1 and 14,504.7954 cm-1 
(the closest water vapor line is ~5 cm-1 away and there is no 
Fraunhofer feature nearby). These two lines are selected be-
cause their absorption cross sections are relatively insensitive 
to temperature.  Therefore, the pressure levels of the cloud 
deck are the most important factors determining the absorp-
tion line shapes, making these two lines ideal for probing the 
troposphere, where large temperature variations (~100 K, 
summer-to-winter, surface-to-tropopause) are expected.  Ob-
servations from a geostationary platform eliminate the spatial 
smearing during a spectral scan and the large Doppler shift 
correction that arises from the relative motion between Earth 
and the spacecraft, as would be encountered on a low Earth 
orbit (LEO). Doppler shifts due to wind-driven cloud motion 
(~0.002 cm-1 at the jet stream) are significantly smaller than 
the width of the absorption line, typically a few tenths of 
cm-1. Furthermore, a geostationary orbit will assure cloud-
free observations for surface reflectance measurements for 
each geophysical footprint within a reasonable time span 
(~1 week, based on statistics). The following section de-
scribes the GIFS design and operational concept. 
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Fig. 1.  Cloud backscattered solar radiance for clouds with tops at various pressure
levels produced using line parameters from the HITRAN database and using the 
DISORT radiative transfer algorithm. For each trace, a cloud layer thickness of 100
mb and an optical thickness of 5 were  assumed. 

III. GIFS INSTRUMENT DESIGN 

Only three FPIs have flown in space: FPI [2], HRDI [3–
5] and TIDI [6,7], onboard the DE, UARS, and TIMED 
spacecraft, respectively. All three are high resolution FPIs 
that were primarily designed to measure Doppler shifts of 
upper atmospheric airglow emission lines. GIFS has substan-
tial innovations on their designs. While the HRDI instrument 
uses three etalons in tandem with two of the three tunable by 
the use of piezoelectric posts (DE/FPI and TIDI are single, 
fixed-plate etalon systems), GIFS is the first spaceborne FPI 
designed to piezo-scan all three etalons. The TIDI instrument 
uses a CCD detector but intentionally scrambles the incoming 
light to remove spatial information (similar to HRDI). GIFS 
will form spatially coherent images on the CCD detector and 
will therefore be the first instrument to combine a tunable 
tripe-etalon FPI (and its high–spectral resolution) with a si-
multaneous spatial imaging capability. The GIFS instrument 
consists of a two-axis scanning telescope, a tunable triple-
etalon FPI with a CCD detector, and associated electronics. A 
block diagram of the GIFS instrument is presented in Fig. 2. 
Fig. 3 shows the optical train of the GIFS instrument. Light 
from the telescope or from calibration sources is selected by 
positioning a scene selector mirror. Light is collimated, and 
passed through a narrow-band filter wheel to select any of 
several O2 B-band transitions, spectral calibration lines, or 
incandescent light. The beam is expanded and passed through 
a set of three piezoelectrically tuned low-, medium-, and 
high-resolution etalons (LRE, MRE, HRE).  Three etalons in 
series reduces the sidebands that would occur with one etalon 
when trying to resolve a narrow spectral region within an at-
mospheric continuum. The beam is finally focused through 
an imaging telescope onto a CCD detector providing a two-
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Fig. 2.  GIFS instrument block diagram. 

dimensional, spectrally filtered image of the scene. Stepping 
the etalon gaps in resonance and acquiring a CCD image at 
each step produces a high-resolution spectrum at each spatial 
pixel.  Coupling the FPI system with a two-axis scan system 
allows for acquisition of a mosaic of spectral images from a 
three-axis stabilized spacecraft. An embedded computer con-
trols image collection, tuning/stepping of the etalons, and the 
pointing system. FPI science and instrument engineering data 
are sent to the spacecraft via a serial link for storage and 
downlink. Table I shows the GIFS design specifications and 
driving requirements determined by tradeoff studies between 
measurement accuracy, spatial resolution, integration time, 
and spectral coverage. 
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Telescope Scan SystemTelescope Scan System  Two-axis scanning is accom-
plished with a baseline wedge scanner approach developed 
for MOLA (Mars Observer Laser Altimeter), GLAS (Geo-
science Laser Altimeter System) and the lidar system on 
JIMO (Jupiter Icy Moons). The wedge scanner uses counter-
rotating refractive wedges to deflect the line of sight through 
any desired range of angles about two axes. 

Imaging FPI  The imaging Fabry–Perot optical system 

consists of a triple-cavity filter (~4 cm-1 
FWHM), a set of three 150 mm Spectrosil-
B etalons, and a CCD detector. The gaps 
between each etalon are optimized to 
minimize the amount of white light leaked 
from the higher-order transmission. All 
three etalons have a 0.90 reflectivity ZnS–
ThF4 coating at 680 nm, giving rise to a 
reflectivity finesse of ~30. A system finesse 
of 20, a conservative estimate to include 
optical defects, results in an instrument 
resolution of ~0.05 cm-1.  The gaps of these 
three etalons are piezoelectrically 
controlled (with Michigan Aerospace 
Corporation’s (MAC) new patented 
capacitive feedback scheme described in 
U.S. Patent #60/268789), and they are 
individually “tuned” so that all three 
etalons are in “resonance” and have 

maximum transmission at the same frequency. The three 
well-tuned and optically aligned/parallel etalons along with a 
filter effectively attenuate the background continuum outside 
the narrow transmission peak, as shown in Fig. 4.  

GIFS forms a 2-D image on the detector, with each pixel 
mapping to a different geographical footprint. Each pixel has 
a peak transmission at a different resonance wavenumber fol-
lowing a concentric Fabry–Perot fringe pattern. The differ-
ence in the resonant wavenumber from the center pixel to an-
other spatial pixel is determined by its incident angle to the 
etalon plates.  For GIFS, the maximum plate incident angle is 
1.345º (0.95º×0.95º etalon angular divergence), correspond-
ing to 3.99 cm-1 difference in resonance frequency between 
the center pixel and the edge of GIFS field of view (FOV). In 
other words, operating under this imaging mode, a single 
GIFS acquisition produces a spectrally filtered image of a 
2-D 3.6º×3.6º scene, and a high-resolution spectrum at each 
spatial pixel is accomplished by stepping the etalon gaps in 
resonance.  The details of the spectral scanning technique will 
be described later. 

The Fabry–Perot etalon system is placed in a vacuum 
housing and thermally controlled to minimize the thermal 
drift. 
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Fig. 3.  Optical train of the GIFS instrument. HRE=High Resolution etalon, MRE 
= Medium Resolution etalon, LRE = Low Resolution etalon. 

CCD Detector  The GIFS CCD detector is a passively 
cooled, back-thinned, 1024x1024 frame transfer device, the 
E2V 4720. The quantum efficiency is ~0.88 at 680 nm.  The 
reimaging optics will focus the instantaneous scene onto this 
CCD, which will be binned on-chip to produce a 512x512 
pixel image.  The Fabry–Perot image will be read out at 1 Hz 
using a 12-bit A/D converter with a read noise of ~10 elec-
trons. 

Spectral Scanning Technique  For cloud parameter re-
trievals, one needs to obtain, at every image pixel, a spectral 
profile of an O2 absorption line spanning a spectral range of 
at least 2 cm-1 with a spectral sampling interval of <0.05 cm-1. 
Fig. 5 illustrates the technique used to obtain the required 
spectral scans.  



 

The filter is chosen such that, for a given pixel, the shift 
in the filter bandpass due to the FOV angle will match the 
change in the etalon transmission peak frequency. The bot-
tom two panels of Fig. 5 show the filter bandpass for inci-
dence angles corresponding to the center and corner pixels of 
the CCD, the two limiting cases. 

Stepping the interferometer over its tuning range scans 
the wavenumber seen by different pixels over nearly identical 
ranges. However, at a given scan position the peak 
wavenumber varies with radius from CCD center, so there is 
a 4 cm-1 shift of the scan from CCD center to corner. For a 
given pixel, a 2 cm-1 tuning range centered on the O2 line 
visible through the shifted filter bandpass is required. A pair 
of O2 lines separated by 1.97 cm-1 is targeted so that every 
pixel scans the required interval over at least one of the lines 
with an etalon scan range of 3.2 cm-1. Sampling at a 
0.025 cm-1 interval, each spectral scan requires 128 steps.  

Fig. 5 shows the distribution of resonance wavenumbers 
across the detector at the first, middle, and last steps of the 
scan. The bottom two panels show the filter transmission 

spectrum as seen by the center and corner pixels, along with 
the corresponding interferometer transmission at the three 
scan steps. The spectral positions of the first and last scan 
steps are mapped up to the O2 spectrum in the top panel, 
showing that the center pixel covers the 14,502.82 cm-1 line 
near the end of the scan, while the corner pixel covers the 
14,504.80 cm-1 line near the beginning. The pixel-to-pixel 
variation of the line coverage phasing drives the necessity to 
scan a greater overall tuning range than is required for any 
single pixel.  

 
 

Fig. 4.  Calculated GIFS interferometer transmission for ideal etalons (green) and 
realistic simulation (black), including defects and inter-etalon reflections. Also in-
cluded in both is the 4-cm-1 FWHM filter. 

TABLE I 
GIFS ENGINEERING PARAMETERS 

 
Engineering 
Parameters 

Driving 
Requirement 

Value 

Telescope   
Aperture throughput 79 mm 
Field of view spatial coverage 3.6° 
Filter   
Type line transmission 3 cavity 
Peak transmission signal to noise >0.6 
Spectral width off-band 

rejection 
0.4 cm-1 FWHM 

Effective index spectral shift 2 
Interferometer   
# of etalons off-band 

rejection 
3 

Clear aperture sensitivity 150 mm 
Gap thicknesses spectral resolution, 

off-band rejection 
0.5 cm (H) 
0.205 cm (M) 
0.0445 cm (L) 

Free Spectral Range 
(FSR) 

spectral resolution, 
off-band rejection  

1.0 cm-1 (H) 
2.44 cm-1 (M) 
11.24 cm-1 (L) 

Reflectivities same as FSR 0.90 
System finesse same as FSR 20 
Spectral resolution. retrieval 

precision 
0.05 cm-1

Detector   
Array size spatial 

resolution 
1024 x 1024 

Pixel pitch angular 
resolution 

13 μm 

Read noise signal to noise  <10 el /read 
QE signal to noise 0.88 
Integration time signal to noise 1 sec 
System    
Pixel sensitivity signal to noise 1.6x10-4  

el/R/cm-1/sec 
Pixel resolution footprint size 0.007° 
Acquisition time signal to noise 1 second 
Pointing   
Control minimize 

overlap 
0.01° 

Knowledge spatial 
registration 

0.001° 

 

At each spectral scan step, a single CCD “unit image” is 
exposed for 1 second. The 128-step spectrum to produce a 
“spectral image” requires 128 seconds to complete. 

GIFS Operations Concept  GIFS is designed to map 
cloud properties with 4.4-km resolution over a 120° disk of 
the Earth (60° in zenith from the geostationary position of the 
instrument). Coverage can be achieved using a mosaic of 
these two-dimensional, 512x512 pixel images. Each pixel 
would project to a 4.4 km square at the Earth, and the Earth 
disk will be covered by 25 images in a 5x5 mosaic.  Given 
the scanning scheme described above, one entire mosaic 
takes ~1 hour to acquire.  

Concentrating on limited areas for regional studies allows 
for a much faster mosaic acquisition. For example, North 
America can be covered by a 2x2 mosaic in ~10 minutes. 

GIFS is a next-generation passive imaging instrument 
that can provide 2-D measurements of cloud top pressure and 
optical depth. Existing LEO spaceborne passive cloud in-
strumentation measure horizontal swaths along the satellite 
track and must collect data over a day to provide global cov-
erage.  GIFS would provide extended monitoring of large 
sectors of the Earth disk and hemispheric coverage with a 
spatial resolution of 4.4 km (~4 km for GOES) and a revisit 
time of roughly an hour (~26 minutes for GOES). Because of 
its high-resolution O2 absorption sensing technique, GIFS can 
provide similar cloud property measurements with greatly 
improved precision and accuracy and extend the measure-
ment capability for low-lying clouds. GIFS would reduce the 
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Fig. 5. FPI Scan. The upper three color panels represent the wavenumber resonant 
across the CCD for the first, middle, and last etalon steps of the 128-step scan. The 
lower two plots show the etalon resonance (narrow peaks) for the same three steps 
and their relation to the filter bandpass (black curves) for the center (center plot) and 
corner (lower plot) pixels. The upper plot shows the O2 spectrum, with dotted lines 
indicating the scan ranges of the center and corner pixels. These two pixels corre-
spond to the extreme etalon incidence angles and therefore the extreme limits of the 
scan ranges. 

uncertainty in comparable cloud top pressure measurements 
using microwave and infrared radiometry, currently between 
0.5 and 1.5 km [8,9] for medium and high clouds. Uncertain-
ties associated with the cloud top pressure from the infrared 
CO2 channels of GOES are ~100 mb for low-cloud conditions 
[10] GIFS would provide significantly improved retrievals, 
with uncertainties ~20 mb (see Table II).  

TABLE II 
UNCERTAINTIES FOR A CLOUD WITH A TOP OF 800 MB AND A CLOUD 

BOTTOM AT 900 MB 
Cloud 
optical 
depth 

Optical depth 
uncertainty 

Cloud top pressure  
uncertainty (mb) 

Cloud height 
uncertainty (m) 

1 0.009 24 240 
5 0.08 12 126 
50 6 8 85 

 

Similar O2 absorption techniques for cloud sensing can 
potentially be achieved by using a spectrograph or Fourier 
transform spectrometer. However, providing measurements 
with GIFS spatial resolution, spatial coverage, revisit time, 
and precision/accuracy is very technologically challenging 
and prohibitively demanding of spacecraft resources.  

IV. EXPECTED MEASUREMENT UNCERTAINTY 

The GIFS instrument design has been optimized to pro-
vide the most precise and accurate cloud property retrievals 
by challenging all aspects of the instrument technology under 
cost constraints. This optimization not only has involved a 
survey of existing cloud measurement techniques  and in-
strument technology but also a series of forward measure-
ment simulations and backward cloud property retrievals.  
Although the retrieval technique employed here is still rudi-
mentary (i.e., a simple multi-parameter fit), the results pro-
vide us a good estimate of the expected accuracy/precision of 
retrieved cloud properties for any particular instrument de-
sign. 

Tables II and III summarize the expected GIFS meas-
urement uncertainties for two different cloud decks over open 
ocean (0.01 surface albedo) at a solar zenith angle and an ob-
server zenith angle of 40º. The error estimates presented 
above assume knowledge of the surface albedo and the cloud 
bottom pressure (can be iteratively estimated from cloud 
type, given cloud top pressure and optical depth). In general, 
the larger the cloud optical depth, the less sensitive the re-
trieval is to the uncertainties of these two parameters. A geo-
stationary orbit, in general, will assure cloud-free observa-
tions for a good surface albedo measurement for any geo-
physical footprint within a reasonable time span (~1 week).  
One should be able to use albedo maps generated by GIFS to 
constrain the retrieval processes without introducing signifi-
cant systematic error.  The systematic errors introduced by 
not knowing the cloud bottom pressure can be as large as the 
reported measurement precisions for optically thin clouds 
(optical depth of ~1). For these two types of low clouds, the 
precisions of GIFS cloud top height measurements are gener-
ally ~100 m for various cloud optical depths, and slightly lar-
ger for thin clouds.  It is clear that GIFS can provide critically 

needed low altitude cloud measurements that are difficult to 
obtain from current infrared brightness temperature meas-
urements. 

It should be noted that the optical depth derived here is 
only an effective value, i.e., corrected for forward scattering. 
Our simulations show that there is essentially no information 
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Fig. 6. Prototype optical schematic. Light enters through the narrow band
filter (A) and beam expander (B). Fold mirrors (D) turn the path through the
etalons. Resonance attenuators (C) suppress inter-etalon reflections. Reimag-
ing optics (E) image the scene and the fringe pattern on the camera (F). 

in the backscattered radiance signatures about the scattering 
phase functions within the clouds. The effective optical 
depths, however, are most useful for estimating radiative 
losses in clouds for modeling purposes. 

TABLE III 
UNCERTAINTIES FOR A CLOUD WITH A TOP OF 500 MB AND A CLOUD BOTTOM 

AT 600 MB 
Cloud 
optical 
depth 

Optical depth 
uncertainty 

Cloud  top pressure  
uncertainty (mb) 

Cloud height 
uncertainty (m) 

1 0.006 15 220 
5 0.06 8 116 
50 4 5 79 
 

V. INSTRUMENT INCUBATOR PROTOTYPE 

In order to increase the technical readiness level of the 
GIFS concept, we have started a NASA Instrument Incubator 
Program (IIP) project to develop, deploy, and test a GIFS 
prototype on a suitable aircraft platform. For this IIP effort, 
the prototype will provide high spectral resolution measure-
ments of individual O2 absorption lines to obtain 2-D maps of 
cloud top pressure and optical depth.  Such an instrument has 
never been developed, flown, and tested.  Successful testing 
and operation of the prototype will provide an opportunity to 
demonstrate the GIFS instrument concept and measurement 
capability. 

The GIFS prototype interferometer is currently being 
fabricated at Michigan Aerospace Corporation. A schematic 
diagram of the prototype optical system is shown in Fig. 6. 
The prototype is designed to produce imagery spectrally simi-
lar to the conceptual flight instrument described above, so 
that the data analysis and cloud parameter retrievals will be 
tested with flight-like data. Like the flight GIFS, the proto-
type is an imaging triple-etalon system with approximately 
0.05 cm-1 spectral resolution.  

A few significant differences from the flight system are 
incorporated for cost savings and to adapt to the different en-
vironment of the aircraft. First, the etalon diameters are re-
duced to 50 mm from 75 mm to save cost. The narrowband 
prefilter diameter is reduced accordingly. Second, the expo-
sure time is reduced to 0.2 s from 1.0 s to avoid excessive 
image smearing from aircraft motion. These two changes re-
duce signal level by a factor that is made up for by increasing 
the solid angle viewed by a pixel, so that the overall signal 
expected from the prototype is comparable to the flight sys-
tem. The spatial resolution of the scene still remains better 
than the planned flight instrument since the aircraft will be 
much closer than a geostationary satellite to the cloud deck. 
Divergence angles at the etalon are kept similar to the flight 
version so that the prototype sees comparable aperture finesse 
effects. Third, the detector is an off-the-shelf CCD camera, 
which saves the packaging and fabrication cost of an in-house 
detector system that has already been flight proven. Fourth, 
the scan system and telescope planned for the flight GIFS are 
omitted from the prototype. The scene is viewed directly 
through the narrowband filter, with imaging ultimately per-
formed by the fringe imaging optics. This is possible since 
the desired divergence angles at the etalon fortuitously map 
to reasonable fields of view for the aircraft geometry, while at 
geostationary they must be magnified to match the Earth disk. 

Finally, the prototype interferometer is housed in a tempera-
ture controlled pressure vessel (Fig. 7) in order to precisely 
stabilize the intra-etalon index of refraction; in flight the eta-
lons would be vacuum spaced.  

Fabrication of the prototype is expected to be completed 
near the end of summer. Laboratory testing and calibration 
will follow during the fall at APL. Ground-based observa-
tions of clouds, clear-sky atmospheric radiance, and direct 
sunlight will be conducted to characterize O2 absorption line 
spectroscopy, check data analysis and retrieval software, and 
test instrument readiness for fieldwork.  

Selection of an aircraft for three planned flight tests is 
nearing completion. We plan to begin aircraft flights in early 
2008. The test flights will include two additional instruments 
to provide critical correlative measurements: the Langley Air-
borne A-band Spectrometer (LAABS) for comparison, and 
the airborne High Spectral Resolution Lidar (HSRL) for vali-
dation. HSRL will provide highly accurate measurements of 
cloud height (top and bottom), thickness, and optical depth 
crucial for validation of the GIIP cloud retrievals. These pay-
loads will either be flown on the same aircraft, or will fly in 
formation on a second aircraft. Test flights will occur over 
ground-based radar or cloud lidar sites and, ideally, we will 
also attempt under-flights of NASA’s A-Train constellation 
of satellite instruments. 

 
Fig. 7.  Prototype instrument environmental chamber for aircraft deployment, 
mounted on wire rope vibration isolators, and stiffened to prevent volume 
changes as the aircraft cabin pressure falls. Instrument view is through a 45° 
fold mirror in the rectangular baffle to the left in the image. 



 
VI. CONCLUDING REMARKS 

Global observations of low-level clouds are critically 
needed for long-term climate studies. Differences in the 
parameterizations of the optical thickness of low clouds are 
recognized as the main source of differences in cloud feed-
back estimates in global circulation models. Currently avail-
able measurements from satellite, aircraft, and surface radar 
indicate that the detection of shallow boundary layer clouds 
(which produce cooling) remain at the limits of the tech-
nique’s sensitivity. This limitation underscores the urgent 
need to develop alternative technologies to establish a clima-
tology of low clouds. GIFS represents an optical technique 
that can address this need.  A concept for a spaceborne imag-
ing FPI instrument, GIFS, has been developed to provide 2-D 
cloud properties from high–spectral resolution measurements 
of O2 absorption lines in solar backscattered radiation.  

Similar O2 absorption techniques for cloud sensing can 
potentially be achieved by using a spectrograph or Fourier 
transform spectrometer. However, providing measurements 
with GIFS spatial resolution, spatial coverage, revisit time, 
and precision/accuracy is very technologically challenging 
and prohibitively demanding of spacecraft resources. 

GIFS has a versatile design that can be adapted easily to 
obtain additional measurement capabilities. For example, 
global aerosol optical depth could be obtained with the com-
bination of the O2 Atmospheric band–derived cloud parame-
ters and infrared channels, from either correlative measure-
ments or through the addition of a co-aligned infrared imager 
to GIFS, allowing for significantly improved aerosol optical 
depth retrievals at high spatial and temporal resolutions high 
enough to resolve dynamic changes. 

In another area of research, a key parameter to under-
standing the biosphere and its role in the global carbon cycle 
is a global estimate of the chlorophyll fluorescence (ChlF) 
emitted naturally from vegetation and phytoplankton. GIFS 
has the resolution necessary to resolve the Fraunhofer lines 
and can provide simultaneous estimates of the surface reflec-
tance during clear conditions. The addition of Fraunhofer 
line–centered filters to the filter wheel would allow GIFS to 
remotely sense ChlF (William B. Cook, NASA/LaRC, private 
communication). 

These are a few of the enhanced measurement capabilities 
possible with minor modifications of the GIFS instrument. 
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