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1 Introduction

1.1 Purpose of this Document

This Algorithm Theoretical Basis Document (ATBD) describes the algorithms used to produce all data levels of science data and images for the AIM CIPS instrument.  This document provides the scientific motivation and goal of the AIM mission, a brief introduction to the instrument and a detailed discussion of the theoretical and mathematical algorithms utilized in the production of scientific results.  It is not designed to serve as the only reference to the CIPS instrument, data and their algorithms.  Other documents will be generated to explain, in much greater detail than presented here, instrument design and operation, instrument calibration, and the ground data system.  These related documents should be consulted to complement the information contained here.

1.2 Scope

This document describes those algorithms required to generate the science data set obtained from direct observations (cloud images) from space. The appendices attached to this document provide a more detailed description of the content and format of the CIPS data products.  The algorithms are described as they are known during the design phase of the instruments.  Future changes in instrument design and results of laboratory calibration and testing may incur modifications to parts of certain algorithms

1.3 Applicable Documents

A number of documents presently exist or are being developed to complement this ATBD and are listed below:

	Table 1: AIM Related Documents

	AIM Mission Requirements Document (MRD): Rev B
	Doc. # AIM-T-0100

	AIM Operations Concept Document
	Doc. # AIM-T-0400

	
AIM Project Data Center Software Design Document

AIM Data Management Plan

AIM Science Data Systems Interface Control Document

CIPS Software Design Description

CIPS and CDE Software Quality Assurance Plan

CIPS and CDE Software Management Plan
	
Doc. # AIM-PDC-SDD-03-1-V0

Doc. # AIM-DMP-03-2-V0

Doc. # AIM-SDS-ICD-03-1-V0

Doc. # AIM-T-95004
Doc. # AIM-T-95002
Doc. # AIM-T


1.4 Contributing Authors

	David Rusch
	CIPS Instrument Principal Investigator

	William McClintock
	CIPS Instrument Scientist

	Gary Thomas
	CIPS Science Co-Investigator

	Cora Randall
	CIPS Science Co-Investigator

	Michael Callan
	Science Processing S/W Engineer/Analyst

	Christopher K. Pankratz
	Science Data Systems Development Manager

	Cindy Russell
	Science Data Systems Development Software Lead


2 Overview and Background Information

2.1 Introduction

The overall goal of the Aeronomy of Ice in the Mesosphere (AIM) experiment is to resolve why PMCs form and why they vary. By measuring PMCs and the thermal, chemical and dynamical environment in which they form, we will quantify the connection between these clouds and the meteorology of the polar mesosphere. In the end, this will provide the basis for study of long-term variability in the mesospheric climate and its relationship to global change. The results of AIM will be a rigorous validation of predictive models that can reliably use past PMC changes and present trends as indicators of global change.

In order to achieve the science objectives, the mission requires a complement of science instruments to measure the occurrence rates and geographical distribution of PMCs, the size distribution of PMC particles, cosmic dust influx to the atmosphere and precise, vertical profile measurements of temperature, H2O, CH4, O3, CO2, NO, and aerosols.  Also required is a spacecraft bus to provide power, pointing, command and data handling, bulk memory, and communications with the ground stations, a launch vehicle capable of placing the spacecraft in the appropriate orbit, mission operations and data processing and distribution.

The AIM mission consists of three instruments:  SOFIE (Solar Occultation for Ice Experiment); CIPS (Cloud Imaging and Particle Size experiment); and CDE (Cosmic Dust Experiment).  SOFIE is an 8-channel infrared solar occultation differential absorption radiometer that measures temperatures, PMCs, H2O, CO2, CH4, NO, O3, and aerosols.   CIPS is a panoramic UV nadir imager that provides PMC images and particle property information.  CDE is an in-situ dust detector that measures cosmic dust input, which is a potential key factor in PMC formation. 

2.2 Science and Mission Goals and Objectives
The overall goal of AIM mission is to understand Polar Mesospheric Clouds.  This includes the mission goals and science objectives listed below.

The Mission Goals of AIM:

1. Resolve why PMCs form and how and why they vary.

2. Quantify the connection between these clouds and the meteorology of the polar mesosphere by measuring the thermal, chemical and dynamical environment in which PMCs form.

3. Provide the basis for study of long-term variability in the mesospheric climate and its relationship to global change.

The Science Objectives of AIM:

1. Determine the global morphology of PMC particle size, occurrence frequency, and dependence upon water and temperature.

2. Answer whether gravity waves enhance PMC formation by perturbing the required temperature for condensation and nucleation.

3. Determine if dynamical variability controls the length of the cold summer mesopause season, its latitudinal extent and possible inter-hemispheric asymmetry.

4. Provide the relative roles of gas phase chemistry, condensation, sublimation, and dynamics in determining the variability of water in the polar mesosphere.

5. Determine whether PMC formation is controlled solely by changes in the frost point, or if extraterrestrial forcing such as cosmic dust influx or ionization sources play a role.

6. Determine what is needed to establish a physical basis for the study of mesospheric cloud climate change and its relationship to global change. 

2.3 Science Overview and Background

2.4 CIPS Instrument Characteristics

The CIPS instrument is a panoramic UV (265 nm) nadir imager that will view in the nadir and off-nadir direction and will image the polar atmosphere at a variety of angles in order to determine cloud presence, provide the spatial morphology of the cloud and constrain the parameters of the cloud particle distribution. 
CIPS will provide:

· Panoramic nadir imaging with a 120º x 80º field-of-view (1140 x 960 km)

· Scattered radiances from Polar Mesospheric Clouds near 83 km altitude to derive PMC morphology and constrain cloud particle size information.

· Rayleigh scattering from the background near 50 km altitude to measure gravity wave activity

· Multiple exposures of individual cloud elements to measure scattering phase function and detect spatial scales to approximately 2.5 km

· Measurements of the ultraviolet band pass (265 ± 5 nm) which maximizes the cloud contrast

2.4.1 Instrument Design

The instrument consists of a 2x2 array of cameras operating in a 10 nm passband centered at 265 nm, each with an overlapping FOV, and a resolution (at the nadir) of 2.5 km. The total FOV is 80 deg x 120 deg, centered at the sub-satellite point, with the 120 deg axis along the orbit track.  Because of slant viewing at the edges of the FOV, the worst spatial resolution is about 6.4
 km, adequate for identifying the larger-scale NLC “bands.” The near-polar orbit will cause the observation swaths to overlap at latitudes higher than about 70 deg, so that nearly the entire polar cap will be mapped with 15-orbit per day coverage.  For the first time a synoptic morphology of cloud evolution throughout the entire season, and in both hemispheres, will be achieved.   
2.4.1.1 PMC Morphology and Gravity Wave Activity
PMCs are identified as small enhancements of brightness against the bright Rayleigh-scattered background coming from the lower atmosphere.  To minimize the background intensity, CIPS employs an interference filter, which is centered on the spectral “hole” produced by atmospheric ozone. Thomas et al. (1991) proved the feasibility of this detection method using 273.5 nm data from the SBUV nadir-viewing spectrometer on board of NIMBUS 7. They showed that the brighter PMCs could be distinguished against the background, despite under-filling the 750 x 750 km FOV. Thus CIPS takes advantage of the very wide range of contrast exhibited by PMCs through a hundred-fold higher spatial resolution and three-fold better sensitivity (1% of background) than SBUV
.  Scaling of visible lidar data indicates that PMCs identified by CIPS will have a S/N up to 250
.
In addition AIM observations at SZA from 87 deg to about 94 deg (the shadow band) experience a reduction in background signal of as much as a factor of 10 or greater.  Yet PMCs remain at least 95% illuminated relative to an overhead sun condition.  This results in greatly enhanced PMC contrast in this band that is roughly 700 km wide and centered on SOFIE coincident observations.  In addition, cloud-free regions can be used to confidently characterize gravity wave signatures in the Rayleigh scattered background inside and outside the shadow band.  This ability to observe scenes with and without clouds in high and low background, combined with tracking clouds into and out of the low background regions, leads to analysis advantages unique to satellite observations.

Nearly all the AIM science objectives can be accomplished with measurements in the low-background shadow band.  However, these observations also provide a natural and powerful validation aid for observations at higher Sun conditions where gravity wave signals in the background will be emphasized.  Gravity wave effects on CIPS signals come from the dependence of O3 photochemistry on T.  The effect on the UV albedo in the Hartley bands is easily found from a single-scattering calculation (multiple scattering is negligible at 265 nm) to be linearly dependent upon the O3 perturbation.  Waves as small as 1-2 K at 50 km will cause a 3% perturbation in background signal, readily detectable by CIPS
.

Another method of cloud identification, important for distinguishing against spatial variations in the background, relies upon the Mie scattering-angle signature, now a well-established property of PMC Thomas and McKay, 1985;Von Cossart et al. 1999).  Any brightness enhancement that shows forward scattering behavior (more pronounced for brighter clouds, or more specifically clouds having larger particle size,) can be identified as a PMC, and not an underlying background irregularity (which would obey the well-known symmetric Rayleigh scattering phase function). A second method would rely upon the different apparent drifts over the six-cloud sequence of PMC at 83 km and the lower-lying background patterns originating near 60 km. This leads to a methodology for separation of the gravity wave signature on the cloud albedo from that of the underlying background
2.4.1.2 Cloud Particle Size, Mass, and Surface Area
CIPS will constrain the particle size distribution, f(r), at multiple locations along the thin flat layers of PMCs.  This analysis will concentrate on the common volumes, in low background, also observed by SOFIE. The f(r) function is critical for the determination of column mass and surface area, quantities that are needed for study of the cloud microphysics and surface-induced heterogeneous chemistry.  The method uses the cloud particle’s scattering-angle signature.  The analysis described below applies to the brighter clouds that (1) exhibit forward scattering behavior, (2) which appear in at least four successive images and (3) that lie significantly above the noise level, For this class of PMC we will derive the particle concentration, the mean particle size, and the width of the size distribution, assuming the width parameter of the log-normal size distribution (Thomas and McKay, 1985).  Thus, given the water-ice composition (verifiable from SOFIE IR extinction versus wavelength measurements), the combination of cloud radiances along with least-squares analysis of CIPS angular distributions at a single wavelength will yield column mass and surface area.  This will allow correlation of PMC size with PMC extinction, T, H2O and other atmospheric parameters.

We have demonstrated that the particle size distribution can be more accurately constrained by combining CIPS and SOFIE measurements of PMC optical depths in the common volume observed by the two instruments in the shadow band zone, rather than using one instrument alone.  This approach provides sufficient accuracy to accomplish the microphysics science objective requirement with adequate margin.
Given S/C pointing capabilities, image resolution, and the typical large horizontal extent of thin layered PMCs, it will not be difficult to identify distinct clouds or cloud features in successive images (43 sec apart).  Cloud lifetimes are of the order of hours to several days (Thomas, 1991).  It is known that the small-scale (5-10 km) “billows” (probably secondary effects of gravity wave breaking; Fritts et al. 1993) have a lifetime of about 5 minutes, and appear to track the mean wind (Witt, 1962).  The important point for CIPS is that GWs are limited to periods larger than the Brunt-Vaissala value (about 5 min. at the mesopause).  Furthermore, these high-frequency waves are minor contributors to the T variance, compared to the longer-period waves responsible for the prominent “bands” that occur in NLCs
.  In effect, successive images by CIPS on a given overpass will “freeze” all but the most rapidly varying waves which have little effect on the environment of PMCs, such as T and H2O.  The detailed dependence of the gravity wave-induced structure of PMCs on these variables will be defined at the low background points of intersection of the SOFIE and CIPS fields of regard.

The
 CIPS optical elements are sized to permit a 5% measurement precision of the background sunlit Earth, meeting the science requirements with margin. Each camera has a focal ratio of 1.4
, focal length of 35 mm, and 25 mm lens diameter.  Each includes an interference filter and CCD detector system.  The filters are Barr UV filters centered at 265 nm with approximately 10 nm bandwidths. The CCD detectors are coupled with Hamamatsu V2697U-03 image intensifiers and have 1024 x 1024 pixels that are electronically binned in 3 x 3 combinations for effective 341 x 341 pixel images.  Each pixel is digitized to 12-bit resolution.  The FOV of an effective picture element (individual pixel sizes are 75 µm) is 1.1 km projected distance at a cloud height of 83 km.  On average, 34 images are produced per orbit in the summer polar region.  At least six exposures of the same cloud are made during a satellite overpass.  Each CCD is equipped with a DSP interface that incorporates a Huffman compression algorithm reducing each image by an estimated factor of two.  Therefore each image (including all four cameras) will produce approximately xxx kbytes of data yielding approximately 18 Mbytes per orbit.

Detailed calculations have shown that the UV filter in conjunction with the image intensifier and CCD response characteristics accomplish the rejection of near-UV and visible radiation sufficiently to achieve the requirement of measuring contrast down to 5% of the typical background.  We have demonstrated the CCD red light rejection properties using a lab prototype.  The image intensifier also has sufficient gain to allow the CCDs to be operated at ~20 ºC.  With a nadir pointed instrument, imaging is achieved with a body-fixed camera assembly.  An effective exposure time of 0.24 seconds is matched to the required resolution of 2 km.

2.4.2 Operations Scenarios

2.5 Heritage 

[Dave/Gary/Bill – can you provide text for this section??]
3 Instrument Calibration

[Bill]
3.1 Pre-Flight

[Bill]
3.1.1 Unit Level Calibrations

[Bill]
3.1.2 System Level Calibrations

[Bill]
3.2 In-Flight

[Bill]
4 Algorithm Description

4.1 Conversion from Instrument Signal to Radiance

[image: image10.wmf]The relationship between instrument output and cloud albedo is given by:

DN(i,j)  is the data number from pixel i,j, acquired during integration time t, corrected for CCD nonlinearity, NCCD, DNBackground, DNDark, and DNStray are corrections for background, dark, and stray light. RInst is the instrument responsivity, which is the product of the optical response (ROpt=transmission multiplied by etendue), intensifier quantum efficiency, (QEDet), intensifier gain (GInt). (QE*G has units of photon per photon arriving at the detector), and intensifier nonlinearity (NInt). GCCD is the product of CCD quantum efficiency and electronic gain and has the units of DN per photon incident on the CCD. And FSun is the solar irradiance at the top of the atmosphere.  The wavelength averaged albedo of the scene, imaged onto pixel i,j  is then given by:


[image: image1.wmf]
Cloud albedos are calculated in the following sequence:

1. Calculate cloud DNs

a. Subtract the electrical offset, DNOFF
b. Correct for CCD nonlinearity

c. Subtract Background, Dark, and Stray

2. Calculate instrument Responsivity
a. Use the baseline instrument calibration, RInst(i,j,l,T0), for temperature T0 and high voltage V0.  This is the ground calibration responsivity or the latest in-flight calibration
b. Correct for temperature dependent gain in the intensifier

c. Correct for voltage dependent gain in the intensifier

d. Correct for nonlinearity in the intensifier microchannel plate

e. Correct for flat field nonuniformity


4.1.1 Physics of the Problem

[Bill]
4.1.2 Dark Correction  - DN(I,j)Dark
Each pixel in the CIPS CCD array creates a dark current that contributes to the signal read by the instrument.  The dark contribution to the raw data number (signal) needs to be subtracted in ground processing.  The dark current is a strong function of temperature. Dark images will be observed each orbit.

The voltage is proportional to the dark current generated by a pixel and is a function of temperature.  The dark current can be subtracted from each pixel by using a dark image map.  The map will be retrieved from the dark image history file based on camera ID and time.  The dark correction is a simple subtraction and will use the dark image nearest in time to the science image.
Yes, the dark correction is a simple frame-from-frame subtraction.  Note here:  The dark image should be near the temperature of the data image or we’ll get the wrong dark values.  Should we have some flag in the data system about this??
4.1.3 Electrical Offset - DNOff
The input to the analog to digital converter (ADC) is offset to account for drift within the electrical system.   Therefore, the data number (DN) received on the ground includes an offset, which needs to be removed from the raw DN value. This correction is a function of temperature.  The electrical offset value is a constant that can be updated during the course of the mission if calibration analysis determines new values are required.

There is a relationship between the voltage into the Analog to Digital Converter and the offset value, which is a function of temperature.  The offset value is different for each camera and must be subtracted on a pixel by pixel basis.   

[Bill/Aimee – need to equation for this correction?]  It may not be necessary to carry the offset at the pixel level.  Right now we are subtracting a single value from the image.     Each camera has its own offset and, yes, it is a function of temperature.   Right now in the lab a simple linear or quadratic function is adequate.
4.1.4 Linearity Correction (Intensifier and CCD) – NCCD and NInt
The image intensifier is a micro channel plate followed by a phosphor screen.  There is a nonlinear relationship between the number of photons in and the signal out.  Nonlinearity can occur in the intensifier, electronics, and to a smaller degree in the analog to digital conversion. The signal value needs to be corrected for this effect in ground processing.
As charge in the CCD pixels approaches 100% of the full well depth, the pixel storage becomes nonlinear and charge begins to ‘spill over’ into adjacent pixels.
Separate terms are carried for the overall detector nonlinearity.  MCP saturation depends on photon arrival rate while CCD saturation depends on total charge accumulated in a pixel between read-outs and is independent of photon arrival rate.  Non-linearity terms for each element can be fit with a simple function of the form:

[image: image2.wmf]
DNSaturation is the saturation level for the CCD pixels and RSaturation and TInt are the saturation count rate for the MCP and the exposure time for the image, respectively.  Corrections will be applied to each pixel for each image.  Each camera has a single CCD and MCP coefficient, which is unique for that camera.  RSaturation is calculated from the observed data numbers for the sum of clouds plus background plus stray.

[image: image3.wmf]
[Bill/Aimee – do you have an equation and/or coefficients for this correction?]  No coefficients exist as of yet
4.1.5 Temperature and Voltage-Dependent Gain Corrections-GT(T,T0)*GHV(V,V0)
The image intensifier converts light at wavelengths not visible by the CCD to a higher intensity and wavelength that is measurable by the CCD. In this way, light is amplified to a level higher than the CCD noise.  The intensity is a function of the high voltage applied to the intensifier and to the temperatures of its photocathode and phosphor. Gain corrections per camera will vary.

Either an intensifier gain map, or a multiplicative correction, for each of the 4 cameras will be applied to each pixel in an image. This correction is applied to images that have been converted to radiance units.

Like the intensifier gain correction, the intensifier temperature also affects the signal read from the CCD.  The correction is nonlinear, per degree Celsius, and relative to the temperature the instrument is calibrated at.  The intensifier temperature correction is significantly smaller then the gain correction. Apply the intensifier temperature correction to each pixel in a science image.   Correction values will be different for each camera.

[Bill/Aimee – any thoughts on whether these corrections will use a gain map or a polynomial correction?  If polynomial – can you provide coefficients for the corrections?]  I think both the temperature and voltage will be single numbers for each camera.  No maps required.  This is yet to be verified
 
4.1.6 Integration Time and Instrument Sensitivity Flat Field
Images are divided by integration time to calculate photon arrival rate. 
The integrated camera, including optics, intensifier, and CCD has a non-uniform flat field response.  The effect of this flat field response is that each pixel has a different effective QE when viewing a uniform source.   The CCD image intensifier for each pixel on each camera has different quantum efficiency.  This effect is corrected for in ground processing by applying a near-unity flat-field matrix to the camera DN values after correcting for CCD nonlinearity, stray light, and background.  Each camera has a unique flat-field matrix that will be updated periodically on orbit using the Rayleigh scattered background as a smoothly varying source.

[Bill/Aimee – is this the correct section for the  flat field correction?]
4.1.7 On-orbit Degradation

During the course of the mission, the detector, optics and other instrument components will degrade.  The CIPS science team will analyze the images over time to determine the amount of degradation and its associated correction. 

The degradation can be retrieved from the ratio of two flat field images that are corrected for nonlinearity, stray light and dark.   Most likely a set of calibration coefficients will be determined.  Degradation will be different for each of the 4 cameras and will need to be applied not only on a pixel by pixel basis, but also per camera. 

[Bill can you elaborate on the angular response?  Let’s consider the angular response to be part of the flat field correction.
4.1.8 Scattered Light

Stray and scattered light can be caused by solar illumination on the camera optical surfaces and spacecraft structures (e.g. glint from the sunshade or camera internal baffles), or other stray light within the instrument. This phenomena can contribute to the signal determined by the instrument CCD and may need to be removed from the raw data number.  During the course of the mission, science analysis will be conducted to determine the effect of stray light on the signal. This correction will most likely not be applied early in the mission until analysis has shown a significant effect to warrant correction. If it is determined that this correction is required, a scattered light correction will be provided for each camera.  Scattered light may depend on the sun illumination on the cameras and will likely be an image that could depend on geographical location.  It will be unique for each camera.
[Bill/Aimee – need equation and/or coefficients for this correction]

4.1.9 Uncertainty Estimates (error analysis)

[Bill]
4.2 Inversion Algorithm

The CIPS analysis and inversion algorithms are designed to accomplish several objectives.  The CIPS data set is composed of images of the atmosphere below the spacecraft.  The four CIPS cameras act in unison to provide an individual image.  The cameras are oriented in a cross formation with 2 cameras viewing in the nadir and to the side, one looking forward, and one aft.  The total field of view is 120 degrees along the satellite orbit and 80 degrees cross orbit.  

The CIPS instrument is designed to return images from which a number of cloud and atmospheric parameters are derived.  The images are a combination of measurements of particle and molecular scattering of solar photons.  The CIPS data processing must account for and remove the scattering from the atmosphere (Rayleigh scattering) from which information on wave patterns in the atmosphere near 50 km can be derived.  The signal remaining in the images are the solar light scattered signatures of polar mesospheric clouds.  Whereas the large-scale spatial and time variations of the Rayleigh background are fairly well known, the clouds are predicted to display large spatial, time, and brightness variations.  It is their variability that excites the scientific mind but also provides the significant challenge for detection, analysis and design of the final data set.

Due to the nature of the cloud morphology and the goals of the AIM mission, two independent data sets are required depending upon the individual mission goal.  The first is the CIPS data base consisting of CIPS only products, the second is the Common Volume data base consisting of products derived from AIM observations where both atmospheric viewing instruments measure the same volume of space.  They are described below.

4.2.1 Theoretical Basis

CIPS data will contribute to the determination of many aspects of PMC properties, including their morphology and microphysical particle properties.  In addition, CIPS data will provide information on the gravity wave properties of the atmosphere near 50 km and at the PMC cloud height.  

The CIPS inversion provides microphysical particle properties and is based upon formalism developed for scattering of light by particles, called Mie-Debye (for short, Mie) scattering theory.  The CIPS instrument takes advantage of the scattering properties of particles through its large field of view and by the cadence of imaging along the orbital track.  This results in the CIPS instrument taking six images of the same cloud at a wide variety of scattering angles.  The brightness variation with angle defines the scattering phase function of the particles.  Combined with the knowledge of brightness, this information provides, under certain assumptions, the size of the particles, their density, and their water content.  In the Common Volume, these assumptions are removed by combining CIPS and SOFIE data into an enhanced algorithm which provides additional cloud parameter, including the width of the assumed lognormal distribution, the cloud height, information about the particle composition, etc. 

4.2.1.1 Common Volume Data Set

Algorithm for Determining Ice Particle Size, Distribution, and Other Cloud Parameters.  The CIPS Experiment on the AIM mission will image the same cloud element at multiple scattering angles.  Here, we describe a method for using multiple exposures of the same cloud element to determine the cloud phase function, and accurate constraints on the particle size distribution.  Next, we describe a method whereby CIPS and SOFIE measurements may be combined to yield both the particle size, and the size distribution width, (.  Combined with the respective radiances this yields the particle density, water-ice mass and particle area.

Given a measurement of the cloud radiance, E1, the determination of rm (the modal radius of the ice particles), and the particle size distribution width parameter, (, we can derive three microphysical quantities, the average ice particle number in a unit column, N (cm-2); the average ice-water content in a column, (IWC) of the ice particles (in units of g – m-2 or the equivalent number of water molecules-cm-2); and the mean surface area of the ice particles in a column (cm2 – cm-3), A.  (In order to derive volumetric quantities, we need to divide the columnar quantities by the thickness h of the PMC.) According to lidar measurements, h ( 1 km.

The ratio of the two separate cloud radiances at scattering angles (1 and (2 is 






[image: image4.wmf] 




(1)

where p, the scattering phase function, depends upon scattering angle (, rm, and (.  This is the basic equation for determining the relationship between the modal radius, rm and the width parameter, (.  We now consider the relationship between rm and ( by first defining the UV optical depth, which is a ratio of CIPS radiance (E) to the solar flux (F),


[image: image5.wmf]
where (s is the scattering cross section and N is the ice particle column density.  The SOFIE measurement of extinction optical depth in the IR is




M is the equivalent number of air masses of ice particles along the line of sight
.  M will be determined accurately by integrating the spatially-resolved CIPS cloud radiance along the line of sight of SOFIE.  The ratio of CIPS to SOFIE optical depths is 





EMBED Equation.3


(2)

which is independent of N. The method consists of using the constraint, ((r), determined from the CIPS measurements, to eliminate the dependence on ( in Equation (2). We then have a unique relationship between R and rm for a given scattering angle, (.  We calculate R, rm, and ( through an inversion method using forward calculations based on (2).  Figure 1 demonstrates this approach for combining CIPS and SOFIE measurements to infer rm.
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Five values of R are shown for scattering angles 30, 45, 65 and 90(.  The relationship between ( and rm is determined from the CIPS measurements (shown as data points *) and Mie scattering theory using Eqn. (1).  Knowing this relationship from a measurement of two CIPS radiances, for example at 30 and 150(, we place ((rm) into Eqn. (2) and obtain a function of the single variable, rm.  Figure 1 shows four sets of curves of R as a function of rm. The measurement errors are assumed to be 5% for the 30 degree measurement and 10% for the remaining angles.  These errors combine to produce the error bands for each scattering angle in Figure 2. Each measurement of R provides an independent determination of rm.  The slopes of the R-curves determine the sensitivity to particle radius. 
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[image: image15..pict]Figure 2 shows R vs rm for the 30( curve and includes an estimated error (shaded area) on R of 10% to illustrate the corresponding error on the determination of rm from this single measurement set. Given rm, ( may be determined from Figure 3.  The relationship between ( and rm (solid line) is calculated from Mie theory and from the measured CIPS radiances (30 and 150().  Errors in the determination of ( follow directly from errors in rm. For an estimated error of 10% in R, rm and ( are determined to an accuracy of ~22% and 9% respectively (see error bands in Figure F-35).  Three other sets of angles are available from the sequence of six CIPS images (the 30( and 45( cases are not useful because of their flat character). 

This analysis may be repeated, and the quantities rm and ( may be determined to higher accuracy. In this exercise, the resultant errors in rm and ( are 18% and 8% respectively.  These errors can be reduced further by summing together more pixels (i.e., averaging over a larger cloud area). The water ice particle number density and the ice content follow immediately from the determination of N, rm and (. 

4.2.1.2 Analysis for Ice Water Content

Given the ratio of forward to backward scattering which we interpret as the ratio of the phase function at the respective scattering angles, we immediately derive the particle size parameter, rm, from the Mie scattering model, assuming a log-normal distribution and the derived value of (.  We then can derive the volume-equivalent radius, the quantity needed for determining the ice mass of the particle.  An analytic integration of the third moment of the radius yields the volume-equivalent radius,

                                                        
[image: image6.wmf]                                                    (3)

The ice-water content, IWC, which is the desired quantity, is given by        

                         
[image: image7.wmf]                                              (4)

where ρice is the bulk density of ice, and 
[image: image8.wmf] and  
[image: image9.wmf] are the column averaged particle (radius)3 and number density respectively, determined from the CIPS images.

4.2.1.3 CIPS Cloud Mapping Data Set

The inversion algorithm for the non common volume follows the same path as for the common volume with one exception.  The log normal width of the distribution, which is determined in the common volume through use of the SOFIE data, must be specified in order to derive the downstream quantities.  Otherwise the inversion produces the particle radius, number density, and ice content.


4.2.2 Implementation 

The CIPS data reduction and inversion software implements the theoretical description above.  The flowchart below depicts a high level overview of the CIPS data flow from the calibrated images to the final data set.  The final data set contains images, derived cloud morphology, and fundamental cloud properties (see Table 2).  

The CIPS instrument measures a combination of Rayleigh scattered sunlight from the Earth’s atmosphere and that scattered from PMC particles.  The Rayleigh scattering background must be subtracted from the images to isolate the clouds for further analysis.  This is accomplished by developing a background data base using clear (i.e. non-cloud) images and model calculations.  A calculated Rayleigh scattered albedo is shown in Figure 4.  The calculation assumes a satellite latitude of 45º and the calculation is for the central strip of the CIPS FOV.  The calculation will be extended to each pixel of the image and then compared to actual data.  This provides a systematic approach to the quantitative determination of the background.

After background subtraction, the residual images include PMCs.  In the Common Volume Data Set (CVDS), the CIPS algorithms use the transmission data from SOFIE to uniquely determine the particle radius (rm) and the width of the distribution (() assuming a log-normal distribution.  In the CIPS Cloud Mapping Data Set (CCMDS), PMC properties are derived assuming a distribution width that is based upon our experience with the CV analysis.  Subsequent analysis provides the additional cloud properties described in Section 4.

4.2.2.1 Common Volume Data Set

The definition of the CVDB (Table 3) is defined by assessing the cloud and atmospheric properties that lead to the resolution of the AIM first science question (cloud microphysics).  From this we can work back to the AIM data that are needed and the software that must be developed to provide the necessary components.  The data base must include: cloud properties from CIPS and SOFIE with uncertainties where applicable, the scattering phase function normalized to 4(, the mean particle size (mode radius) and (, water content, brightness, particle column density, horizontal cloud extent (images) with Rayleigh subtraction on lat, lon grid, surrounding cloud morphology, cloud extinction, information on dynamical properties along with the various atmospheric properties supplied by SOFIE, along with the altitude, latitude, and longitude of the SOFIE LOS within the CV.

4.2.2.2 CIPS Cloud Mapping Data Set

The CCMDS (Table 2) includes, in addition to the cloud properties, the morphology and image derived dynamical data from CIPS.  

4.3 Constraints, Limitations, Assumptions


Underlying the CIPS algorithm are certain assumptions concerning the particle size distribution and the particle shapes (which cannot be too aspherical). Thus the uncertainties in the derived properties of PMC will partly reflect the errors in these assumptions. As more information becomes available on particle shapes (e.g. from lidar depolarization experiments), the uncertainties due to these assumptions may be more accurately specified. However it is likely that the experimental uncertainties may be the major sources of error. Final estimates of errors can only be provided when the data are in hand..  

4.3.1 South Atlantic Anomaly


The CIPS detectors are sensitive to energetic electrons in the lower layer of the Van Allen radiation belts, which reach down to the height of low-earth orbits in a few fairly well defined geographic regions (the largest is over the South Atlantic Ocean off the coast of Brazil).  Measurements taken in these regions (may be
) excluded from our science products.  This is accomplished by defining two-dimensional closed polygons in geographic coordinates, and using efficient computational geometry algorithms to test whether the spacecraft position (latitude, longitude) is in any of these regions.

The sizes and shapes of these regions depend on the height above the earth, and also upon instrument sensitivity and the geometry of the spacecraft and shielding.  For a circular orbit each region is simply the intersection of the sphere in which the orbit lies with the 3-dimensional radiation belt.  For a highly elliptical orbit a 3-dimensional region would need to be defined and tested for each such intersection.  The SORCE orbit is presumed to be nearly circular, so that the method of two-dimensional polygons is sufficient.

Each interfering energetic electron region is defined as a list of polygon vertices (latitude, longitude) as "calibration data" which is used by the processing software.  That is, the regions are not hard-coded in the software and may be readily changed. Indeed, it is expected that the pre-launch definitions will need to be modified, based on regular, in-flight dark current measurements (shutter closed), which serve to map the SAA regions.

The SAA will be of concern only during
 the Southern Hemisphere cloud season.  In addition only parts of one or two orbits per day will intersect this region during science operations.  The loss of data, if any, will occur near the termination of science operations
.

4.3.2 Atmospheric Contributions


4.3.2.1 Atmospheric Absorption


The solar radiation, especially the solar ultraviolet component, is absorbed by the Earth’s atmosphere.  The solar zenith angle (SZA) is the angle from the spacecraft zenith to the sun line.  The concept of the tangent ray height, TRH, which is the shortest distance from the surface of the Earth to the ray from the spacecraft to the Sun, is used.  For an orbit altitude of 600 km, a TRH of 83 km corresponds to a SZA of 90°.  This is a sunrise/sunset condition at the spacecraft and significant absorption (and refraction) would affect the data.   The atmospheric absorption is a strong function of wavelength and for the measurements of CIPS, the maximum absorption occurs near 265 nm. 

Although the amount of absorption will be calculated knowing the path of the radiation together with a model atmosphere, uncertainties in the calculation will result.  A significant fact is that only one atmospheric species, ozone, absorbs efficiently at 265 nm.  The strength of the ozone absorption overwhelms any other constituent with a positive absorption or dissociation cross section at this wavelength.

4.3.2.2 Atmospheric Emission

Corrections should also be made for radiation emitted by the atmosphere.  The instrument field of view intercepts the atmosphere that emits radiation (airglow or scattering) at the wavelength being recorded, and may contribute an unwanted signal.  In general, the solar scattering is so intense that any other atmospheric emission is negligible even when the solar zenith angle of the observation exceeds 110° and the Rayleigh scattering intensity approaches zero.  However we will monitor the emission in near dark and dark conditions to determine if emissions are present. 

Only one known atmospheric emission occurs within the bandpass of CIPS.  This is a weak band of nitric oxide.  However, the Rayleigh scattering is estimated to be approximately 103 times brighter, mainly due to the wide pass band (10 nm) of the CIPS filter.  Thus the airglow contribution is negligible.

4.4 Practical Algorithm Considerations

[Chris/Mike/Cindy ???]
4.4.1 Numerical Computation Considerations

[Chris/Mike/Cindy ???]
4.4.2 Programming / Procedural Considerations

The CIPS data processing system is designed around a central data store and an object-oriented system of data insertion and access services.  The production of science products commences upon the receipt of science and engineering telemetry, orbital elements, and ephemeris for a given processing period.  The higher-level products do not depend on all lower-level or intermediate products, and these independent chains may be exploited by a multi-threaded processing design.  CIPS will use a modern commercial relational database management system (RDBMS) for meta data, and netCDF formatted files for all levels of data products, The science processing system is described in more detail in Appendix C (Data Processing Plan)

4.4.3 Exception Handling

Production processing modules (programs) will be designed to handle every conceivable processing event, so that the likelihood of un-planned terminations is reduced to an absolute minimum.  Moreover, many such failures are locally restricted in time (e.g., a few missing data).  Missing data may be handled simply by omitting (skipping) the failing data.

5 Validation

5.1 General Discussion

There are few opportunities for direct validation of CIPS data.  A direct comparison of CIPS and SOFIE cloud properties will be possible for common volume measurements.  The Rayleigh scattered background measured by CIPS will be compared to models with input ozone and atmospheric density profiles measured by SOFIE and by other instruments on orbit at the same time, e.g. HIRDLS and OMI on AURA.  Cloud morphology will be compared to ground-based and perhaps shuttle observations as opportunities arise.  However, to our knowledge no other instrument now in orbit or planned for future space missions provides the unique imaging capability of CIPS.

5.1.1 Confidence in Measurements

The CIPS camera deployment provides for significant overlap of the individual cameras’ fields of regard.  This provides for camera to camera sensitivity comparison.  Thus phase function analysis is independent of the absolute calibration of the instrument.  In the common volume, CIPS employs SOFIE transmission data to determine additional cloud properties.  The SOFIE transmission measurements are, to first order, independent of absolute calibration.  Therefore the common volume analysis for particle size and sigma, is not compromised by uncertainties in absolute calibration.  This is also true for the CIPS only measurements.

5.1.2 Comparison With Other Measurements

There are no known or planned measurements to which we can quantitatively compare CIPS images.  

5.1.3 Validation of Data Against Models 

CIPS measurements of the cloud-free atmosphere will be compared to model calculations of Rayleigh scattering.  Ozone and atmospheric properties will be measured by SOPHIE on AIM and from instruments on AURA.  These data will provide an important source of input for CIPS validation.

5.1.4 Quality Control and Diagnostics


CIPS data will be monitored for short and long-term changes in calibration.  Flat field monitoring will occur on a regular basis.  Each image will be routinely checked for spikes and non-geophysical variations across the field.

Appendix A
Data Product Requirements and Descriptions

A.1
AIM Data Level Definitions

The CIPS science data system will generate data that conform to the AIM data product levels described in the AIM Science Data Systems Data Management Plan.  The data levels are used to refer to the type of data contained in the product. Data levels are adapted by AIM from the EOS Handbook. The data levels are supplemented with additional product content classes for products that are not easily classified by the data level scheme.

	Raw Telemetry
	Unprocessed digital telemetry

	Level 0
	Unprocessed instrument data at full resolution that has been separated by instrument or subsystem – time ordered with duplication removed

	Level 1A
	Unprocessed instrument data at full resolution, time-referenced and annotated with ancillary information including geometric parameters as well as information necessary for conversion of the data into radiometric units. 


	Level 1B
	Level 1A data that have been processed to radiometric units

	Level 2
	Derived geophysical variables at the resolution of retrieval

	Level 3
	Variables mapped on a uniform, earth referenced, space-time grid

	Level 4
	Model output or results from analyses of lower level data (e.g., variables derived from multiple measurements)

	Survey
	Summary or low fidelity data used for quicklook or data location

	Support
	Data acquired from non-AIM sources to supplement data analysis (e.g., NMC data)

	Collaborative
	Data acquired through collaborative sources

	Educational
	Data products and other information intended for use by K-14 educators and students

	Status
	Data products that contain information about the AIM spacecraft or data products


A.1.1
AIM Raw Telemetry and Level 0 Data

The raw telemetry will be received at the LASP AIM Mission Operations Center.  Raw telemetry will be processed by LASP mission operations and translated into Level 0 data that consist of the recorded instrument engineering and science data, as well as select spacecraft bus engineering data. The distribution of science data products to project investigators and to the science community will be performed by LASP, GATS and HU.  LASP and GATS will manage and store all mission data from Raw Telemetry to Level Zero, One and higher throughout the life of the mission. 

Level Zero data will be made available to the instrument POCs and DPCs within 4 hours of a ground contact (will usually be 2 hours except in the case of ground contacts on back-to-back orbits), which will be within 40 hours from the time an observation is taken onboard (during PMC Seasons only – delay can be longer during non-PMC periods), and the DPCs will process this data to Level's 2 and 3 within an additional 56 hours.

The AIM MOC at LASP will be responsible for archival and distribution of all AIM Level 0 processed data.

A.2
CIPS Data Product Overview

The AIM CIPS instrument will produce two principal data sets, CIPS Cloud Mapping and CIPS Common Volume data.  The following tables list these data products 

	Table 2:  CIPS Standard Data Products

	NAME
	LEVEL
	DESCRIPTION

	Raw Telemetry
	0
	Telemetry that has been extracted from the raw binary file.  CCSDS frames and headers have been removed, data is decomposed and tagged with a time stamp.   Data is available within 40 hours of execution.

	Calibrated Radiance Images Geophysically Registered
	1A
	Images that have been calibrated and cleaned.   Image spikes have been removed and the signal has been converted to radiance.   Calibration processes include dark, linearity gain, scattered light, and degradation corrections.  Images have been registered in geophysical units of latitude and longitude.

	Rayleigh Corrected Radiance Images
	1B
	Calibrated radiance images with the Rayleigh scattered background subtracted.  

	Radiance Images on Standard Map Projection
	2A
	Calibrated radiance images placed onto a uniform, earth referenced, space time grid.  Distortions are removed and the image is mapped onto a standard map projection.

	Orbital Merged Images
	2B
	Each calibrated radiance image observed during an orbit (27 images/orbit) is merged into one image.  Overlapping areas will be taken into account.  The result is one strip per orbit from 50 degrees to the pole at a resolution of 4x4 km.

	Daily Merged Images
	3A
	Each orbital image or strip is merged into one image per day.  This image is mapped onto a polar projection to form a synaptic view of the clouds with a 4x4 km resolution.  Brightness will be depicted by grey scale.   Overlap regions will take into account time variability of the clouds.  This is the final morphological data product.

	Cloud Season Movie
	3B
	Movies of the cloud season implemented from Level 3 Daily Merged Image data products.  Cloud movies will be made available post cloud season.

	Cloud Properties
	4CP
	Cloud properties are derived from level 2A images above a minimum brightness.  A minimum of 4 consecutive images in the common volume will be used to derive the properties.   Cloud properties include extinction, particle size, brightness, extent, particle area, and water content.

	Wave Dynamics
	4WD
	Images and scale length determinations of dynamical features related to gravity wave phenomena.  This includes data related to atmospheric gravity wave from the measured Rayleigh scattered modulated from the 50 km region and the cloud small scale features known to respond to gravity wave forcing.  The scale is 2x2km.  Wave dynamic data will be available following delivery of SOFIE and Common Volume data products. 


                                                       Table 3: CIPS Standard Data Products

	REQUIREMENT
	DATA SOURCE
	DESCRIPTION
	APPROXIMATE SIZE

	Cloud morphology/orbit
	CIPS images/ nadir cameras
	Merged images of clouds vs latitude, longitude, time by orbit 4x4 km resolution.1
	

	Cloud morphology/day
	Cloud morphology/orbit
	Merged images of clouds for one day mapped on polar projection.  Includes cloud size, brightness by false color.2
	

	Cloud particle size for select clouds
	From 6 consecutive CIPS images and CIPS inversion
	The cloud properties3 including extinction, particle size, brightness, extent, particle area, water content.  Clouds are selected on brightness and other considerations.
	

	Movies
	Cloud morphology/day
	Movies generated one frame per day for entire cloud season showing cloud extent, brightness as a function of la, lon, and time.4
	

	Wave Dynamics
	1. Cloud aspects and derived quantities.
	Images and scale length determinations of dynamical features related to gravity wave phenomena from cloud features with best resolution (2 x 2 km).5
	

	
	2. Clear sky aspects and derived quantities
	Features in the Rayleigh scattered emission and scales with best resolution (2 x 2 km) 
	


1Merged Images: Morphology ‘strips’ derived from the merging of images from the nadir cameras.  One strip will be generated per orbit.

2Polar projection of daily cloud morphology.  Strips from all orbits will be merged in the overlap regions (lat > 70 degrees) to form a single days synoptic view of the clouds.  Clouds will be projected on the image with 4 x 4 km resolution.  Brightness will be depicted by grey scale.

3Definitions

Extinction:  The software will determine the amount of sunlight scattered out of the solar beam by the cloud.  This is called the extinction and is an important parameter for cloud analysis.

Brightness:  The cloud brightness is defined as the albedo relative to the Earth’s albedo.  Thus it provides the scientist with a parameter used to classify the cloud that is independent of instrument calibration.  

Extent: Maps of the cloud brightness as a function of lat and lon.   The brightness will be grey scaled on the map.  The size of the map will vary depending on the cloud size.  The pixel size will be 4 x 4 km.  Clouds may extend from a few to thousands of kilometers.

Particle size:  The particle radius derived from MIE scattering theory applied to CIPS angular measurements, averaged over the cloud extent.

Particle column density:  The number of particles  contained in a vertical column of unit cross-section..  It is derived from mean particle size, and cloud brightness.

Mean particle area:  Derived from particle size.

Ice Water content:  The total water content of the cloud particles derived from particle volume and particle column density.  The sum of the water content of all clouds will be a new and important result.

4Movies:  Generated from the daily polar maps.

5  (1) Cloud small scale features known to respond to gravity wave forcing.  (2) Data related to atmospheric gravity wave phenomena from the measured Rayleigh scattered modulated by ozone variations from the 50 - 60 km region. Scale 2 x 2 km.

	Table 4:  CIPS and SOFIE Common Volume Data Products

	NAME
	LEVEL
	DESCRIPTION

	Transmission Profile
	0
	Telemetry that has been extracted from the raw binary file, decomposed and time tagged

	Cloud Radiance Images
	1A
	Radiance images that have been calibrated and cleaned (spike removal)

	Cloud Extinction 
	1B
	Calibrated radiance images registered to geophysical units, latitude and longitude

	Scattering Phase Function
	1C
	Individual camera images with the Rayleigh scattered background subtracted

	Temperature, Water Vapor, and Pressure Profile
	2A
	Radiance image is placed onto a uniform grid with distortions removed

	NO, O3 
	2B
	Each image in an orbit is merged into one image, result is a strip per orbit from 50 degrees to the pole at a resolution of 4x4 km

	Particle Size
	3
	Each image strip per orbit merged into one image per day and mapped onto a polar projection - forming a synaptic view of the clouds

	Number Density of Cloud Particles
	4
	Derived cloud properties include extinction, particle size, brightness, extent, particle area, and water content

	Water Content
	4
	Data related to atmospheric gravity wave from the measured Rayleigh scattered modulation – 2x2km

	Cloud Season Movie
	4
	Implementation of daily morphology 


                                    Table 5: CIPS and SOFIE Common Volume Data Products

	Required Cloud/atmosphere property
	AIM data source
	Description

	Scattering phase function
	CIPS images
	Scattering phase functions

For all clouds in CV derived

From Multiple CIPS Images.

	Particle Size (mode radius)

And sigma

        CIPS

        SOFIE
	CIPS inversion 

SOFIE inversion
	Fundamental cloud properties

Derived from CIPS and SOFIE

CV inverted data

	Number Density of

Cloud particles
	CIPS inversion
	Derived from cloud properties

	Ice Water content
	CIPS inversion
	Derived from cloud density

	Particle area
	CIPS inversion
	Derived from above properties

	Cloud images in and near CV
	CIPS
	

	Cloud extinction
	SOFIE/CIPS
	Derived from SOFIE transmission

Measurements and CIPS analysis

	Transmission profiles
	SOFIE
	Profiles of atmosphere/ice

Transmission measured during 

Sunset/sunrise SOFIE solar occultation

	Temperature profile
	SOFIE
	SOFIE inversion product

	Water vapor profile
	SOFIE
	        “

	Pressure profile
	SOFIE
	        “

	NO, O3, etc
	SOFIE
	        “

	Information on dynamics:

   Profile of tracers

   Information on gravity waves
	SOFIE

CIPS
	Inverted SOFIE profiles

Derived from CIPS images

	Location of SOFIE LOS in

CIPS image (alt, lat, lon, etc)
	SOFIE/CIPS
	Derived from CIPS, SOFIE  and

s/c tracking data


Raw Telemetry and Level 0 data transfer will commence shortly after launch. Level 0 data for any given mission day will be transferred to the AIM instrument POCs within 40 hours of receipt.  Reprocessing efforts at LASP will result in re-transmission of Level 0 data.  Level 1 and 2 data products will be delivered to the AIM Project Data Center (PDC) within 96 hours of execution. 

Transfer of CIPS Standard Science Data Products will commence after the NASA-approved post-launch measurement calibration and algorithm-testing period of 6 months, after which deliveries will take place daily.  Data will be distributed to local users directly from the LASP AIM project database, and to general users via the AIM PDC. 

A.2.1
Level 1 Products

Calibrated radiance data with spikes removed.  The CIPS image data will be calibrated using pre-launch sensitivity values or corrections derived on orbit.  Calibration implementation will include flat field, and dark image information obtained in the laboratory or on orbit.  The data includes significant overlap of camera images to guarantee camera to camera calibration integrity.  The data will be searched for ‘spikes’ and other anomalies by checking for data smoothness on a pixel by pixel basis.  The result will be individual camera images, calibrated to radiance, and ready for analysis.

A.2.2
Level 2 Products

Level 1 products will be time tagged, registered with geophysical units in latitude and longitude, and the Rayliegh background will be subtracted.  A brief description of background subtraction issue is given in Section 4.  The resulting images for each camera will be free of background.  The images will contain PMC information in brightness units and located on geophysical coordinates.  The data are now ready for detailed cloud analysis.  CIPS Level 2 data products in and near the common volume will be provided to the AIM PDC for inclusion in the Common Volume data set.

A.2.3
Level 3 Products

A.2.3.1
Cloud Images

The standard level 3 data product for CIPS consists of merged cloud images taken by the CIPS instrument CCD’s. Level 2 cloud images for each orbit will be merged, time tagged  and registered withgeophysical units in latitude and longitude.  The merged images, or morphology ‘strips’, will be derived from the merging of level 2 images from the nadir cameras.  Level 3 cloud image data sets will have two resolutions, 4X4 km and 2X2 km. The science objective for this data set is basic cloud morphology.  

In addition to the merged cloud images per orbit, a polar projection of daily cloud morphology will be produced.  Morphology strips from all orbits will be merged in the overlap regions (regions that are greater to 70 degrees) to form a single days synoptic view of the clouds.   Clouds will be projected on the image with both a 4X4 km and 2X2 km resolution.   Brightness will be depicted by grey scale.

A.2.4
Level 4 Products

A.2.4.1
Cloud Properties

In order to construct cloud particle size, images will be used from 6 consecutive CIPS level 2 data.  Clouds will be selected on brightness as well as other considerations.   Multiple cloud properties can be derived and include extinction, particle size, brightness, extent, particle area, and water content.  Cloud properties will be delivered to the AIM PDC as part of the Common Volume data set.  Definitions for cloud properties are listed below.
Extinction:  The software will determine the amount of sunlight scattered out of the solar beam by the cloud.  This is called the extinction and is an important parameter for cloud analysis.

Brightness:  The cloud brightness is defined as the albedo relative to the Earth’s albedo.  Thus it provides the scientist with a parameter used to classify the cloud that is independent of instrument calibration.  

Extent: Maps of the cloud brightness as a function of lat and lon.   The brightness will be grey scaled on the map.  The size of the map will vary depending on the cloud size.  The pixel size will be 4 x 4 km.  Clouds may extend from a few to thousands of kilometers.

Particle size:  The particle radius derived from MIE scattering theory applied to CIPS angular measurements, averaged over the cloud extant.

Particle density:  The number of particles per unit volume.  It is derived from particle size, MIE theory and cloud brightness.

Particle area:  Derived from particle size.

Ice Water content:  The total water content of the cloud derived from particle area and particle density.  The sum of the water content of all clouds will be a new and important result.

A.2.4.2
Wave Dynamics

Cloud and non-cloud images will be used to infer wave dynamics.  Data related to atmospheric gravity wave phenomena from the measured Rayleigh scattered modulated from the 50 km region and the cloud small-scale features known to respond to gravity wave forcing.  Scales will be in both 4 X 4 km and 2 X 2 km resolutions.

A.2.4.3
Movies

Movies will be generated one frame per day for an entire cloud season.  The movies will show cloud extent and brightness as a function of latitude and longitude and time.

Appendix B
Acronyms

	AIM

ATBD

CCD

CCMDS

CDE

CIPS
	Aeronomy of Ice in the Mesosphere

Algorithm Theoretical Basis Document

Charge Coupled Device

CIPS Cloud Mapping Data Set

Cosmic Dust Experiment

Cloud Imaging and Particle Size Experiment

	COTS
	Commercial off-the-shelf

	CU

CV

CVDS
	University of Colorado, Boulder

Common Volume

Common Volume Data Set

	DBMS

DSP

FOV
	Database Management System

Digital Signal Processor

Field of View

	IPOC
	Instrument Payload Operations Center

	LASP

NLC
	Laboratory for Atmospheric and Space Physics

Noctilucent Cloud

	PMC

POC
	Polar Mesospheric Cloud

Payload Operations Center

	RDBMS

SAA

SOFIE

SZA

TRH

UV
	Relational Database Management System

South Atlantic Anomaly

Solar Occultation for Ice Experiment

Solar Zenith Angle

Tangent Ray Height

Ultra Violet
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� EMBED Equation.3  ���








Figure 4.  Calculated albedo for the center of


the CIPS image for a satellite latitude of 45º.





CIPS Data Reduction





Level 4: Cloud properties






























































Level 3: Daily Images: Morphology





Level 2B: Swaths with 2 nadir cameras.





Level 2A: Images with Rayleigh Subtraction





Level 1B: Registered Images





LEVEL 1A: Calibrated Images, spikes removed





Figure 1.  R as a Function of rm for Several Scattering Angles





Figure 3: Sigma derived from Rm.





Figure 2.  R as a Function of rm for a Scattering Angle of 90 deg



















































































�Bill ok?


�PAGE \# "'Page: '#'�'"  ��This statement is misleading unless you say how many pixels go into the determination of cloud radiance. From Bill's spreadsheet, I found that the sensitivity for both instruments is about the same assuming a  basic 2x2 km resolution element.


�PAGE \# "'Page: '#'�'"  ��Again, the same comment. We need to discuss this point


�PAGE \# "'Page: '#'�'"  ��This requires the assumption that the vertical wavelength  is comparable to the width of the contribution function from the lower mesosphere.


�PAGE \# "'Page: '#'�'"  �� This needs to be qualified somehow with the statement that the higher-freuqency GW (periods typically one hour) are much more common than the longer-period (many hours to 12-hours or more)


�Bill can you update this entire paragraph


�Bill?


�PAGE \# "'Page: '#'�'"  ��Note that this SOFIE measurement applies to the maximum limb extinction. After we have determfined the spatial distribution of clouds along their line of sight, we may want to check to see if we can reproduce their extinctions at lower lines of sight, and thus remove PMC contamination from their entire limb scan.


�Bill Ginger?


�Ginger help here?


�PAGE \# "'Page: '#'�'"  ��Does this mean near the end of the mission, or near the end of the season?
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