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ABSTRACT

This is the Algorithm Theoretical Basis Document (ATBD) for Ice Surface Temperature (IST) retrieval from infrared (IR) signals received by the National Polar-orbiting Operational Environmental Satellite System (NPOESS) Visible/Infrared Imager/Radiometer Suite (VIIRS), for retrieval of the VIIRS IST Environmental Data Record (EDR) and the IST Intermediate Product (IP).

This document describes the theoretical basis and development process of the IST algorithm being developed by the NPOESS algorithm team. The VIIRS IST algorithm is based on a water vapor correction method. It utilizes radiances from two of the VIIRS Longwave Infrared (LWIR) channels.  The VIIRS IST split window algorithm meets the VIIRS IST uncertainty requirement of  0.5 K. 

The major error sources for IST retrievals are the atmospheric correction and VIIRS sensor performance. There are a number of difficulties in evaluating the accuracy of satellite estimates of IST. These include the difficulty in distinguishing the snow/ice surface from clouds, and the lack of high-quality in situ data.  The major constraints for the surface temperature algorithm are instrument Noise Equivalent Delta Temperature (NEdT) for each band; instrument calibration; and the availability and quality of the surface calibration/validation observations.

1.0
INTRODUCTION

1.1
PURPOSE

This document describes the theoretical basis and development process of the IST algorithms, for retrieval of the VIIRS IST EDR and the IST Intermediate Product (IP).
1.2
SCOPE

The IST algorithms described in this ATBD will be used to routinely retrieve IST from VIIRS.  Section 2 of this ATBD provides an overview of the IST algorithm. A description of the algorithm and the development process are presented in Section 3.  Section 3 also addresses the error budget, algorithm sensitivity, and validation. Constraints, assumptions, and limitations are discussed in Section 4, and Section 5 presents all citation references in this document.

1.3
VIIRS DOCUMENTS

This document contains references to other Raytheon VIIRS documents, which are given in italicized brackets:

[SS154640-001]  VIIRS System Specification

[PS154640-101]  VIIRS Sensor Specification

[Y2386]  VIIRS Sea Surface Temperature ATBD
[Y2469]  VIIRS Context Level Software Architecture document
[Y2471] - VIIRS Aerosol Module Level Software Architecture 

[Y2479] - VIIRS Build SDR Module Level Software Architecture 

[Y2473]  VIIRS Surface Temperature Module Level Software Architecture document
[Y3261] - VIIRS Radiometric Calibration ATBD

[Y3277] - VIIRS Aerosol Module Level Interface Control Document 

[Y10880] – VIIRS Surface Temperature IP Unit Level Detailed Design Document

[Y10881] – VIIRS Ice Quality Unit Level Detailed Design Document

[Y3282] – VIIRS Precipitable Water Unit Level Detailed Design Document

1.4
REVISIONS

This is the fifth version of this document, dated January 2002.  Substantial contributions to prior versions of this document were made by Yimin Ji and Philip E. Ardanuy.

2.0
EXPERIMENT OVERVIEW

2.1
OBJECTIVES OF ICE SURFACE TEMPERATURE RETRIEVALS

Ice Surface Temperature is a crucial measure of the Arctic climate. It is a good indicator of the energy balance at the ice surface. The energy exchange between atmosphere and ice layer influences the global climate by controlling the mass balance. A long-term data set of IST can be used to detect and understand the greenhouse effect and climate changes in the polar region. For years the collection of IST has relied on in situ measurement from ships, manned ice camps and drifting buoys. The data coverage and our knowledge of the Arctic IST remains poor compared with the other part of the earth’s surface.  When sufficiently calibrated, satellite retrieval of IST provides this coverage.

Although much effort has gone into evaluating the accuracy of satellite measurement of sea surface temperature, there has been no comparable effort for IST. This is due to the considerably greater difficulty in distinguishing the ice surface from clouds and the lack of sufficient high quality in situ data. The current Root Mean Swuared (RMS) error of satellite retrieved IST is about 1 to 3 K (Yu et al., 1995; Key et al., 1994). However, the IST has not been retrieved operationally. In general the moisture is lower in the polar atmospheres, although it is significant in many cases. The IST retrieval methods are split-window statistical methods. Due to the dry air over polar regions, it is often possible to retrieve IST from only one channel within these regions.

The overall scientific objective of the VIIRS IST retrievals is to provide improved measures of global and regional IST fields. The VIIRS IST EDR requires a 1.0 K measurement uncertainty. The requirements are met, provided accurate cloud/ice discrimination is available.

2.2
INSTRUMENT CHARACTERISTICS

The VIIRS sensor design is based on the NPOESS sensor requirements and EDR thresholds and objectives.  VIIRS bands in the Longwave Infrared (LWIR) were placed to optimize their use for Sea Surface Temperature (SST). Bands in the LWIR are usually located near the maximum earth radiance. The influence of ozone and other atmospheric absorbers must be avoided. Figure 1 shows the Moderate Resolution Atmospheric Radiance and Transmittance Model (Modtran) simulated radiance at satellite height for the thermal infrared spectrum. There are a total of five standard atmospheres. There are two regions suitable for LWIR band selection: 8-9 μm and 10-13 μm. VIIRS LWIR bands are located in these two regions.  Bands in the far-infrared also need to be placed where the atmosphere is most transparent. Figure 2 shows the Modtran simulated atmospheric transmittance for five standard atmospheres. It shows that the 10-13 μm region is one of the most transparent atmosphere windows for arctic atmospheres.

2.3
ICE SURFACE TEMPERATURE RETRIEVAL STRATEGY

A Cloud Mask, a Land/Ocean Mask, and a Snow/Ice mask are necessary to eliminate cloud contaminated pixels, land pixels, and ocean pixels. The IST algorithms are run only under confident clear and probably clear sky conditions. The brightness temperatures are calculated for the two bands for all suitable pixels within a region.
[image: image14.wmf]Figure 1. 
IR radiance at the satellite for five atmospheres simulated by MODTRAN.
[image: image15.png]Global IST at 00Z July 1, 1993
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Figure 2. 
Atmospheric transmittance for five atmospheres.
3.0
ALGORITHM DESCRIPTION

3.1
PROCESSING OUTLINE

[image: image16.wmf]IST vs. BT at 12 um
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The VIIRS IST retrieval uses an Along Track Scanning Radiometer (ATSR) like regression method.  Regression methods are initially assisted by the establishment of ancillary data and radiative transfer models. The coefficients of regression equations are obtained from simulation processes. Figure 3 depicts the processing concept for statistical IST retrieval.

Figure 3. 
IST high level flowchart: regression method.

3.2
ALGORITHM INPUT

3.2.1
VIIRS Data

The VIIRS data presented in Table 1 are required input to the algorithm processing code.

Table 1. VIIRS data for the IST EDR

	Input Data
	Source of Data
	Reference

	Instrument  (Band) Quality
	VIIRS Sensor Data Record (SDR)
	[Y2479]

	Granule Range Flag
	Ice Mask IP
	[Y10881]

	Brightness Temperature (M15, M16, I5)
	VIIRS SDRs
	[Y2479], [Y3261]

	Solar/Sensor Angles
	VIIRS SDRs
	[Y2479]

	Aerosol Optical Thickness (AOT)
	Aerosol Optical Thickness IP
	[Y2471], [Y3277]

	Precipitable Water (PW)
	Precipitable Water IP
	[Y3282]

	Cloud Mask
	Cloud Mask IP
	[Y2412]

	Surface Temperature IP Parameters
	Surface Temperature IP Look Up Tabl;e (LUT) 
	[Y10880]


Instrument (Band) Quality

The VIIRS EV_375M SDR will contain band I5 quality flags at imagery pixel resolution. Pixels with bad quality will not be processed. A RED quality flag will be set for these pixels. The VIIRS EV_750M SDR will contain band M15 and M16 quality flags at moderate pixel resolution. Imagery pixels nested within a moderate resolution pixel with bad quality will be processed by the fallback single band algorithm. A YELLOW quality flag will be set for these pixels.

Granule Range Flag

If the entire granule is out of the Horizontal Coverage range for all ice Application-Related Products (ARPs) and EDRs, a granule range flag will be set in the Ice Mask IP. In that case, further processing of the granule will be bypassed. This will reduce the operational processing load, since most granules are out of range.

Brightness Temperatures

Brightness temperatures for the M15 and M16 bands are obtained from the VIIRS EV_750M SDR. Brightness temperatures for the I5 band are obtained from the VIIRS EV_375M SDR. 

Solar / Sensor Angles

The Viewing Zenith Angle (VZA) is used in the split window algorithm (Equation A-6). 

Aerosol Optical Thickness

Aerosol optical thickness is used for BT correction.

Precipitable Water

Precipitable water is used for BT correction.

Cloud Mask

The VIIRS cloud mask [Y2412] is expected to derive a status of confident clear / probably clear / probably cloudy / confident cloudy for each pixel, building on Moderate Resolution Imaging Spectroradiometer (MODIS) cloud mask heritage (Ackerman et al., 1997). Pixels classified as “cloudy” will be excluded from further processing. Pixels classified as “probably cloudy” are also expected to be excluded. This determination must depend on an assessment of the cloud mask performance, particularly over snow and ice surfaces. Pixels classified as “probably clear” or as “confident clear” will be processed. The cloud mask will also supply a thin cirrus flag, which may be used for BT correction.

Surface Temperature IP Parameters

A set of input parameters will be obtained from a pre-set VIIRS Surface Temperature IP LUT. The parameters also include a switch determining whether to use the Cloud Mask IP or the Cloud Optical Thickness IP for cloud masking, another switch determining whether or not to apply BT corrections, and a weight factor (spectral fusion factor) for combining the M15 and M16 BTs (c.f. Equation A-7).

3.2.2
Non-VIIRS Data

The algorithm requires no input data from outside the VIIRS system.

3.3
THEORETICAL DESCRIPTION OF ICE SURFACE TEMPERATURE RETRIEVAL

3.3.1
Physics of the Problem

In clear sky conditions, the outgoing infrared spectral radiance at the top of atmosphere can be represented by:
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(1)
Where ( is the transmissivity, ( the surface spectral emissivity, B the Plank function, La the thermal path radiance, Ls the path radiance resulting from scattering of solar radiation. Ld is the solar radiance and Lr the solar diffuse radiation and atmospheric thermal radiation reflected by the surface. ( is the wavelength. ( =cos((), (o=cos((), where ( is the satellite zenith angle, ( the solar zenith angle. (o  is azimuth angle. 

The wavelength is the wavelength center of a narrow interval because there is no way to measure the exact monochromatic signal as a continuous function of wavelength by satellite sensors. Equation 1 can be used in the 3-14 (m range. It requires complete calculations of the atmospheric radiative transfer to determine the values of all terms on the right side. This equation has been used in many atmospheric radiation models including the Low-resolution Transmission Model (LOWTRAN) (Kneizys et al., 1988), MODTRAN (Berk et al., 1987), and the Moderate Spectral Atmosphere Radiance and Transmittance (MOSART) (Cornette et al., 1994).

The satellite infrared radiance can be corrected for atmospheric absorption in the water vapor bands by utilizing a split window technique. In the following discussion, we outline a theoretical basis for the split window method.

For LWIR bands, Ld, Ls and Lr are negligible. Therefore, only the first two terms on the right side of the above equation are important. In this case, if we ignore the change of emissivity over the ocean, the radiance error introduced by the atmosphere (L can be represented by:
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(2)

From the Planck function we find:
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For an optically thin gas the following approximations can be made:
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(4)

Where k( is the absorption coefficient and l is the optical path-length. If we assume that the Planck function is adequately represented by a first order Taylor series expansion in each channel window, then:
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(5)

Substituting Equations 3, 4, 5 into Equation 2, we obtain:
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Therefore, if we pick two spectral regions of the atmosphere, we have two linear equations with different k( to solve simultaneously..
For example, if we consider two channels as (=1 and (=2, then we get:

Ts-T1=-(Ts-T2)k1/k2
(7)

Figure 4 shows the relationship between Ts-T11 and Ts-T12 from MODTRAN simulations. The brightness temperature at the 10.8 µm (T11) band is higher than that at the 12 µm band (T12). However, the relationship between Ts-T11 and Ts-T12 is rather linear. The maximum difference is only about 3 K.

In general, the ice surface temperature can be represented as:

Ts = CTb
(8)

The coefficient vector C, relating observed brightness temperatures to IST, is determined using regression methods by solving:

C = YXT(XXT+kI) –1
(9)

The Y matrix contains a large number of training IST, and the X matrix contains brightness temperatures from VIIRS LWIR channels. In general, the X matrix may include non-linear terms.

Because the atmospheric correction term is small, it is often possible to use only one channel to retrieve IST. Figure 5 shows the relationship between IST and the brightness temperature at the 12  μm band. The relationship is linear.
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Figure 4. 
The relationship between temperature deficits at 10.8 µm band and at 12 µm band.

[image: image19.png]


Figure 5. 
The relationship between IST and brightness temperature at the 12 µm band.

Currently, the IST uncertainty from the regression algorithm is about 1 to 3 K. 

3.3.2
Mathematical Description of the Algorithm

3.3.2.1 
Split Window Regression

The VIIRS IST algorithm is based on statistical methods. Traditional statistical methods for satellite IST retrieval are linear multi-channel regression methods. The following regression methods are used in the VIIRS IST retrieval:

Split window (10.8 + 12 (m bands, from the Advanced Very High Resolution Radiometer (AVHRR) method, Yu et al., 1995) (VIIRS IST baseline algorithm):

IST= ao+a1T11+a2(T11-T12)+a3(sec(z)-1)
(10)

One channel (12 (m band). (VIIRS IST fallback algorithm):

IST= ao+a1T12+ a2(sec(z)-1)
(11)

Satellite-measured radiance is a function of the atmospheric profiles and surface properties. For the Infrared (IR) window and water vapor channels, the radiance over oceans at the top of the atmosphere is mainly a function of the surface temperature and the temperature and moisture profiles. One can choose a few channels (e.g., 3 channels) for which only the main structures of the temperature and moisture profiles are required to obtain ice surface temperature. 

3.3.2.2 
Calibrated Top Of Atmosphere (TOA) Brightness Temperatures

The blackbody radiance (R) function is

R = 2 h (3 /[c2(exp{-h(/kT}-1)]






(12)

where ( is the wavenumber (cm-1), h is the Planck constant, c is the speed of light, k is Boltzman’s constant, and T is the temperature in Kelvin.

Equation 12 can be written as

R = c1 (3 /[c2(exp{-c2(/T]-1)]







(13)

where c1 and c2 are two blackbody constants equal to 0.01191071 and 1.438838 respectively using Centimeter-Gram-Second (CGS) units.

This can be solved for the brightness temperature (T or Tb) to give:


Tb = c2 ( /ln(1 + c1 (3 /R)







(14)

3.3.3
Archived Algorithm Output

IST is produced as an EDR according to the system specification, and in addition as a imagery resolution Surface Temperature (ST) IP.  (See Appendix A.) 

3.3.4
Variance and Uncertainty Estimate

IST retrieval uncertainty is determined by many factors, including atmospheric correction, the surface state, and sensor performance. For example, the surface state may be snow cover or melt pond, which have significantly different radiometric properties.  And there are a number of error sources in sensor performance, such as sensor noise, calibration error, geolocation, and band-to-band registration. 

The data set used to estimate the IST uncertainty and accuracy is a global snapshot of surface temperature at 2.5o by 2.5o resolution supplied by the National Centers For Environment Prediction (NCEP), with matching atmospheric profiles. The data were used to simulate the Top Of Atmosphere  (TOA) radiance.

In Figure 6, the upper panel shows the global snapshot of IST at 00Z July 1, 1993 and the middle panel shows the retrieved IST. The lower panel shows the difference. The NEdT values are about 0.1 K for the split window (SBRS baseline sensor specification). The root mean square (RMS) error is about 0.16 K at this noise level without considering any absolute calibration errors. The maximum error is 0.74 K in daytime and 0.46 K in nighttime. 

The retrieval error is a function of satellite viewing angles and surface temperature values. In Figure 7, the upper panel shows the IST precision as a function of satellite zenith angle and surface temperature. A 0.2 K absolute calibration error was assumed in this retrieval. The algorithm used is the split window regression method. The precision error is less than 0.3 K for most satellite zenith angles and temperatures. The middle panel shows the IST accuracy error.

The accuracy is generally better than 0.2 K. The lower panel shows the RMS error. The RMS error is less than 0.3 K for higher temperatures and most of the satellite viewing angles. For large zenith angles and lower surface temperatures, the uncertainty is larger, but still less than 0.5 K.

Figure 8 shows the IST precision, accuracy and uncertainty from the single band algorithm. The errors are larger in this algorithm than that in the split window algorithm. But the errors are still less than 0.5 K, except for large satellite viewing angles. These results are relevant for the ST IP at imagery resolution.  (See Appendix A.)
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Figure 6. 
Upper panel: Global IST field. Middle panel: The retrieved IST values. Lower panel: The difference between the IST values.

Figure 7. 
IST precision, accuracy, and uncertainty derived from the split window algorithms.
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Figure 8. 
IST precision, accuracy, and  uncertainty derived from the single band algorithms.
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3.4
ALGORITHM SENSITIVITY STUDIES

3.4.1
 Ice Water Mixing

Pixels which contain both ice and water are a major geophysical source of error, due to the significantly different radiometric properties of these surfaces. To estimate the error for the mixed region, both the SST algorithm and the IST algorithm were applied to two Modis  Airborne Simulator (MAS) scenes. In Figure 9, the left panel shows the ice surface temperature map, the middle panel shows the map of sea surface temperature and the right panel shows the difference. The difference map indicates that the surface temperatures retrieved using the SST algorithm are generally higher than those derived from the IST algorithm, but the difference is smaller (<0.5 K) over the ice surface. Over water, the difference can be as high as 1 K. Figure 10 is similar to Figure 9, but for another scene. The result is similar to that of the previous scene.
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Figure 9. 
Left panel is the surface temperature derived using IST algorithm, middle is derived from the SST algorithm, and the right is the difference.
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Figure 10. 
Left panel is the surface temperature derived using the IST algorithm, middle is derived from the SST algorithm, and the right is the difference.

3.5
PRACTICAL CONSIDERATIONS

3.5.1
Numerical Computation Considerations

In order to retrieve IST within an operational timeframe, statistical algorithms that meet quality requirements have been developed that are much quicker than physical modeling methods.  Pre-generated LUTs are used to speed processing yet retain flexibility.
3.5.2
Programming and Procedural Considerations

The simplicity of all the algorithms described in this document translates into very small amounts of code using basic mathematical routines.  Computationally intensive processes are performed offline, with results delivered as re-generated LUTs.  VIIRS Phase II efforts are largely software-focused, and the methodology for this development work is based on sound and proven principles, as discussed in the VIIRS Algorithm Software Development Plan [Y6635].  The present maturity of the VIIRS software is detailed in the VIIRS Algorithm Software Maturity Assessment document [Y6661].  The maturity and remaining Phase II tasks for the algorithms themselves is summarized in the VIIRS Algorithm/Data Processing Technical Report [Y7040].  The software designs relevant to the IST Unit are summarized in the VIIRS Context Level Software Architecture [Y2469], Surface Temperature Module Level Software Architecture [Y2473], and Ice Surface Temperature Unit Level Detailed Design [Y2503].  These designs are tested at the system level as described in the most recent versions of the VIIRS Software Integration and Test Plan [Y3236], Algorithm Verification and Validation Plan [Y3237], and System Verification and Validation Plan [Y3270].  A summary of the ultimate strategy for operational application of the system of VIIRS algorithms is provided in the VIIRS Operations Concept document [Y2468].  The VIIRS Interface Control Document (ICD [Y2470]) provides more detail on the specifics of ancillary data requirements for Vegetation Index and other VIIRS products.
3.5.3
Configuration of Retrievals

Adjustable parameters for the retrieval of the IST products allow post-launch updating of regression coefficients.  The flexibility built into the architecture also allows easy implementation of future P3I developments.
3.5.4
Quality Assessment and Diagnostics

A number of parameters and indicators are reported in the IST product as retrieval diagnostic flags.  Statistical information is reviewed for quality assessment.  Table 2 lists the available quality flags.  The final list of delivered flags will be determined in the operational environment. 

Table 2. VIIRS IST Quality Flags

	VIIRS IST flags
	bits

	Land/Water Background
	3

	Cloud Detection
	2

	IST Quality
	2

	spare
	1


3.5.5
Exception Handling

Cloud pixels identified by the cloud mask are skipped and flagged. Pixels with bad radiance data are also skipped and flagged.

3.6
ALGORITHM VALIDATION

3.6.1
Pre-Launch Validation

The atmospheric correction algorithm coefficients will be derived pre-launch by radiative transfer modeling to simulate the VIIRS infrared channel measurements. Selected radiosondes from the operational network stations or field campaigns will be used in VIIRS simulations for the development of the atmospheric correction algorithm. Measurements from the operational surface drifting and fixed buoy programs will be used to characterize the surface temperature fields and to validate the atmospheric correction algorithms. The assimilated meteorological fields provided by NCEP and European Center for Medium-Range Weather Forecast (ECMWF) provide a valuable description of the marine atmosphere and surface temperatures. These fields will be used in conjunction with the radiative transfer modeling to simulate the VIIRS measurements, to validate the radiosonde data and to provide direct input to the radiative transfer modeling process.

Measurements from AVHRR, ATSR, and MODIS will be used in the pre-launch phase to study the error characteristics of the IST retrieval. 

3.6.2
Post-Launch Validation

The infrared measurements are calibrated by using measurements of cold space and an on-board black body target. This produces radiance in the spectral intervals defined by the system response functions of each channel. These calibrated radiances can be converted to TOA brightness temperatures. To derive IST from the calibrated radiance at TOA, it is necessary to correct the effects of the intervening atmosphere.

The post-launch validation activities are important to test and improve the IST retrieval algorithm. The best retrieval accuracy can be achieved by developing comprehensive in situ data sets that provide adequate sampling of the atmospheric conditions and IST, including long-term studies to reveal sensor drift and the effects of episodic atmospheric changes.

4.0
ASSUMPTIONS AND LIMITATIONS

A major limitation of the VIIRS Ice Surface Temperature retrieval is that it can only be done under clear sky conditions. The accuracy of the retrieval is dependent on accurate cloud/ice discriminations.
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APPENDIX A:  SURFACE TEMPERATURE INTERMEDIATE PRODUCT

A.1.0 
INTRODUCTION

A.1.1 
PURPOSE

This appendix provides the theoretical basis for the Surface Temperature IP retrieval from IR signals received by the NPOESS VIIRS. The Surface Temperature IP is produced as required input data for the VIIRS Snow-Ice Module.

The baseline algorithm, based on a water vapor correction method, is adapted from the VIIRS algorithm for the IST EDR retrieval. It will utilize radiances from two of the VIIRS LWIR bands at moderate spatial resolution plus the VIIRS LWIR imagery resolution band, to derive surface temperature at imagery resolution. The fusion of moderate resolution bands with the imagery resolution band is achieved by modeling their spectral response functions and spatial response functions.   The fallback algorithm uses a single band, and is most effective under dry atmospheres.

Calibration and algorithm validation are the two keys to ensure the performance of the algorithm. Both pre-launch and post-launch activities are discussed in this document. The validation of the VIIRS IST algorithm is discussed in Section A.3.6 of this document. Validation of the fusion approach will be TBD.

A.1.2 
SCOPE

This appendix covers the theoretical basis for the derivation of the Surface Temperature IP, which consists of the surface temperature and associated quality flags at imagery resolution. The purpose and scope are described in Section A.1, while Section A.2 provides an overview of the retrieval objectives. Section A.3 describes the algorithm, its input data, the theoretical background, and some practical considerations. Section A.4 contains the algorithm performance analysis and error budget. Section A.5 contains the pre-launch and post-launch plan for verification and validation. Section A.6 contains assumptions and limitations.

A.1.3 
VIIRS DOCUMENTS

This appendix contains references to other Raytheon VIIRS documents, which are given in italicized brackets:

[SS154640-001]  VIIRS System Specification

[PS154640-101]  VIIRS Sensor Specification

[Y2386]  VIIRS Sea Surface Temperature ATBD
[Y2404]  VIIRS Fresh Water Ice ATBD
[Y2409]  VIIRS Sea Ice Age/Edge Motion ATBD
[Y2466]  VIIRS Imagery ATBD
[Y2469]  VIIRS Context Level Software Architecture document
[Y2471] - VIIRS Aerosol Module Level Software Architecture 

[Y2472] - VIIRS Cloud Module Level Software Architecture 

[Y2477]  VIIRS Snow/Ice Module Level Software Architecture document

[Y2479] - VIIRS Build SDR Module Level Software Architecture 

[Y2473]  VIIRS Surface Temperature Module Level Software Architecture document
[Y3261] - VIIRS Radiometric Calibration ATBD

[Y3277] - VIIRS Aerosol Module Level Interface Control Document 

[Y3278] - VIIRS Cloud Module Level Interface Control Document 

[Y10880] – VIIRS Surface Temperature IP Unit Level Detailed Design Document

[Y10881] – VIIRS Ice Quality Unit Level Detailed Design Document

[Y3282] – VIIRS Precipitable Water Unit Level Detailed Design Document

A.1.4 
REVISIONS

This is the first version of this appendix. It is appended to version 5 of the VIIRS Ice Surface Temperature ATBD, dated February 2002. 

A.2.0 
OVERVIEW

A.2.1 
OBJECTIVES OF SURFACE TEMPERATURE RETRIEVAL AT IMAGERY RESOLUTION

The overall scientific objective of the VIIRS IST retrievals is to provide improved measures of global and regional IST fields. The VIIRS IST EDR requires a global horizontal cell size of 1 km at nadir with 1.0 K measurement uncertainty.  The IST algorithm, described earlier in this document, retrieves surface temperature at the moderate resolution of the M15 and M16 bands.

The VIIRS ice products include the Sea Ice ARPs of the Imagery EDR [Y2466], the Fresh Water Ice EDR [Y2404], and the Sea Ice Age/Edge Motion EDR [Y2409]. All ice algorithms require surface temperature at imagery resolution as input data. Therefore, the software units that produce the VIIRS ice data products require surface temperature at imagery resolution. The VIIRS IST EDR is produced from moderate resolution data, so is not adequate for this purpose. The VIIRS Snow-Ice Module has therefore placed a requirement on the VIIRS system to provide an additional surface temperature product at imagery resolution.

A.2.2 
INSTRUMENT CHARACTERISTICS

VIIRS moderate resolution bands in the LWIR were placed to optimize their use for SST. Two of these bands (M15 and M16) are used by the split window IST algorithm. The Surface Temperature IP algorithm will also use these bands for water vapor correction. In addition, the algorithm will use the imagery resolution LWIR band (I5). Band characteristics are indicated in Table A‑1. Spectral response functions are illustrated in Figure A‑1. 

Table A‑1. VIIRS bands used for Surface Temperature IP.

	
Band
	Center Wavelength ((m)
	Band Width 1     ((m)
	Nadir resolution  (m)
	Ttyp
	NEdT @ Ttyp (K)

	M15
	10.76
	1.0
	750
	300 K
	0.070

	I5
	11.45
	1.9
	375
	210 K
	1.5

	M16
	12.01
	0.95
	750
	300 K
	0.072


1 FWHM
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Figure A‑1. 
Spectral response functions for VIIRS bands M15 (10.8 (m), I5 (11.5 (m), and M16 (12.0 (m).
A.2.3 
SURFACE TEMPERATURE IP RETRIEVAL STRATEGY

Because the Surface Temperature IP is only used by the ice algorithms, it is only retrieved for regions within the Horizontal Coverage range of the ice ARPs and EDRs. An Ice Quality unit [Y10881] in the Snow/Ice module [Y2477] masks pixels outside of the range, de-weights pixels with cloud cover, and writes the results to an Ice Mask IP and an Ice Weights IP. Brightness temperatures for the two moderate resolution bands (M15 and M16) and for the one imagery resolution band (I5) are derived by the Radiometric Calibration unit of the Build-SDR module [Y3261].

Two LUTs (Surface Temperature LUT and Spatial Weights LUT) are generated offline. These contain the parameters and weights required by the algorithm.

The surface temperature is computed at imagery resolution for all imagery pixels that are not masked and that have sufficient pixel weight, using the brightness temperatures of the I5, M15, and M16 bands. The split window algorithm is used where feasible. If there is bad M15 or M16 data, the single band algorithm is used.

A.3.0 
ALGORITHM DESCRIPTION

A.3.1 
PROCESSING OUTLINE

The unit process steps are:

1) Read the Ice Mask IP. If the mask contains a granule out of range flag, skip further processing and write a null IP.

2) Read the M15, M16, and I5 brightness temperatures from the SDRs. 

3) Read the Cloud Mask IP, the Ice Weights IP, the AOT IP, the COT IP, and the PW IP, Use the information in these IPs to determine which imagery resolution pixels should be processed.

4) Read a correction switch from the BT Correction Switch LUT. If selected, correct the BTs for aerosol, thin cirrus, and PW effects. 

5) Determine the brightness temperature differences Dk ( = (T11)k  - (T12)k)) for each moderate resolution pixel (k), from the brightness temperatures in the M15 (T11) and M16 (T12) bands.

6) Determine the brightness temperature differences dj ( = (t11)j  - (t12)j)) for each good imagery resolution pixel (j) in the VIIRS granule, from the Dk of neighboring moderate resolution pixels, using spatial (Backus-Gilbert) weights obtained from a LUT.

7) Determine the quality of the brightness temperature differences dj for each imagery resolution pixel (j) in the VIIRS granule, from the quality of the neighboring Dk.

8) Determine the brightness temperature equivalent to the M15 band at imagery resolution (t11)j  for each imagery resolution pixel (j) in the VIIRS granule, using the observed brightness temperature in the I5 band (tI), obtained from the VIIRS imagery resolution SDR, and applying a spectral fusion factor obtained from a LUT. 

9) For all imagery resolution pixels with YELLOW or GREEN quality of dj, apply the split window coefficients to t11 and t12  to determine surface temperature.

10) For all imagery resolution pixels with RED quality of dj, apply the single-band coefficients to tI  to determine surface temperature.

11) Write the surface temperature and associated quality (GREEN, GREEN/YELLOW, YELLOW/RED, or RED) to the Surface Temperature IP file.

The unit level process flow is shown in Figure A‑2.
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Figure A‑2. 
VIIRS Surface Temperature IP Unit Level process flow

A.3.2 
ALGORITHM INPUT

A.3.2.1 
VIIRS Data

The VIIRS data presented in Table A‑2 are required input to the algorithm processing code.

Table A‑2.  VIIRS data for the Surface Temperature IP

	Input Data
	Source of Data
	Reference

	Instrument  (Band) Quality
	VIIRS SDR
	[Y2479]

	Granule Range Flag
	Ice Mask IP
	[Y10881]

	Brightness Temperature (M15, M16, I5)
	VIIRS SDRs
	[Y2479], [Y3261]

	Solar/Sensor Angles
	VIIRS SDRs
	[Y2479]

	Aerosol Optical Thickness (AOT)
	Aerosol Optical Thickness IP
	[Y2471], [Y3277]

	Precipitable Water (PW)
	Precipitable Water IP
	[Y3282]

	Cloud Mask
	Cloud Mask IP
	[Y2412]

	Cloud Optical Thickness (COT)
	Cloud Optical Thickness IP
	[Y2472], [Y3278]

	Surface Temperature IP Parameters
	Surface Temperature IP LUT 
	[Y10880]

	Surface Temperature Coefficients
	ST IP Coefficients LUT
	[Y10880]

	Spatial Weights
	Spatial Weights LUT
	[Y10880]


Instrument (Band) Quality

The VIIRS EV_375M SDR will contain band I5 quality flags at imagery pixel resolution. Pixels with bad quality will not be processed. A RED quality flag will be set for these pixels. The VIIRS EV_750M SDR will contain band M15 and M16 quality flags at moderate pixel resolution. Imagery pixels nested within a moderate resolution pixel with bad quality will be processed by the fallback single band algorithm. A YELLOW quality flag will be set for these pixels.

Granule Range Flag

If the entire granule is out of the Horizontal Coverage range for all ice ARPs and EDRs, a granule range flag will be set in the Ice Mask IP. In that case, further processing of the granule will be bypassed. This will reduce the operational processing load, since most granules are out of range.

Brightness Temperatures

Brightness temperatures for the M15 and M16 bands are obtained from the VIIRS EV_750M SDR. Brightness temperatures for the I5 band are obtained from the VIIRS EV_375M SDR. 

Solar / Sensor Angles

The VZA is used in the split window algorithm (Equation A-6). 

Aerosol Optical Thickness

Aerosol optical thickness is used for BT correction.

Precipitable Water

Precipitable water is used for BT correction.

Cloud Mask

The VIIRS cloud mask [Y2412] is expected to derive a status of confident clear / probably clear / probably cloudy / confident cloudy for each pixel, building on MODIS cloud mask heritage (Ackerman et al., 1997). Pixels classified as “cloudy” will be excluded from further processing. Pixels classified as “probably cloudy” are also expected to be excluded. This determination must depend on an assessment of the cloud mask performance, particularly over snow and ice surfaces. Pixels classified as “probably clear” or as “confident clear” will be processed. The cloud mask will also supply a thin cirrus flag, which may be used for BT correction.

Cloud Optical Thickness

Cloud optical thickness will be used as an alternative to the cloud mask. This will occur if a switch, obtained from the Surface Temperature IP LUT, is turned on.

Surface Temperature IP Parameters

A set of input parameters will be obtained from a pre-set VIIRS Surface Temperature IP LUT. The parameters also include a switch determining whether to use the Cloud Mask IP or the Cloud Optical Thickness IP for cloud masking, another switch determining whether or not to apply BT corrections, and a weight factor (spectral fusion factor) for combining the M15 and M16 BTs (c.f. Equation A-7).

Surface Temperature Coefficients

The coefficients used in the split window and single band algorithms will be obtained from a pre-set ST IP Coefficients LUT.

Spatial Weights

The spatial weights used for construction of the imagery resolution BT difference (Equation A‑10) will be obtained from a pre-set Spatial Weights LUT. 

A.3.2.2 
Non-VIIRS Data

The algorithm requires no input data from outside the VIIRS system.

A.3.3 
THEORETICAL DESCRIPTION OF SURFACE TEMPERATURE IP RETRIEVAL

A.3.3.1 
Physics of the Problem

The physics of the IST retrieval are described in Section 3.3.1, in the EDR portion of this document.

A.3.3.2 
Mathematical Description of the Algorithm

A.3.3.2.1 
Split Window Regression

The VIIRS ST IP algorithm is based on statistical methods. Traditional statistical methods for satellite ST IP retrieval are linear multi-channel regression methods. The following regression methods are used in the VIIRS ST IP retrieval:

Split window (10.8 + 12 (m bands, from AVHRR method, Yu et al., 1995) (VIIRS ST IP baseline algorithm):

IST= ao+a1T11+a2(T11-T12)+a3(sec(z)-1)
(A‑1)

One channel (12 (m band). (VIIRS ST IP fallback algorithm):

IST= ao+a1T12+ a2(sec(z)-1)
(A‑2)

Satellite-measured radiance is a function of the atmospheric profiles and surface properties. For the IR window and water vapor channels, the radiance over oceans at the top of the atmosphere is mainly a function of the surface temperature and the temperature and moisture profiles. One can choose a few channels (e.g., 3 channels) for which only the main structures of the temperature and moisture profiles are required to obtain ice surface temperature. 
A.3.3.2.2 
Calibrated TOA Brightness Temperatures

The blackbody radiance (R) function is

R = 2 h (3 /[c2(exp{-h(/kT}-1)]






(A‑3)

where ( is the wavenumber (cm-1), h is the Planck constant, c is the speed of light, k is Boltzman’s constant, and T is the temperature in Kelvin.

Equation A‑3 can be written as

R = c1 (3 /[c2(exp{-c2(/T]-1)]







(A‑4)

where c1 and c2 are two blackbody constants equal to 0.01191071 and 1.438838 respectively using cgs units.

This can be solved for the brightness temperature (T or Tb) to give:


Tb = c2 ( /ln(1 + c1 (3 /R)







(A-5)

A.3.3.2.3 
Fusion with Imagery Resolution Band

Note: In the following equations, we use a convention whereby quantities at imagery resolution are designated with lower case characters, quantities at moderate resolution are designated with upper case characters, and observed quantities are in bold font.

The purpose of achieving a fusion of the moderate resolution brightness temperatures with the imagery resolution brightness temperature is to be able to apply the split window algorithm at imagery resolution:

st = ao+a1t11+a2(t11-t12)+a3(sec(z)-1)
(A-6)

where:

t11 = M15 brightness temperature (K) at imagery resolution

t12 = M16 brightness temperature (K) at imagery resolution

In equation A-6, the 11 and 12 subscripts for the M15 and M16 bands are used to match the terms in the ST IP split window algorithm (Equation A‑1) and the regression coefficients are identical to those for the IST algorithm.

To apply equation A-6, we must derive t11 and t12, which are not directly observable by the VIIRS bands. To solve for these two unknowns, we use the observed brightness temperatures in the M15, I5, and M16 bands, and make the following assumptions:

1) The brightness temperature in the LWIR imagery band (I5) can be written as a linear combination of the brightness temperatures in the moderate resolution LWIR bands (M15 and M16):

tI = f t11 + (1- f) t12
(A-7)

where:

tI   = I5 brightness temperature (K) at imagery resolution

and the spectral fusion factor, f, which is defined by equation A-7, is in general a function of R, the source radiance spectrum.

The spectral fusion factor can be rigorously determined from the spectral response functions, as part of the calibration process. In practice, it may be sufficient to determine it analytically from equation A-5, using the band centers and band radiances for each of the three bands:


f = (tI - t12) / (t11 - t12)








(A‑8) 

where:

tI   =  c2 (I /ln(1 + c1 (I3 /RI)  , etc.
(A‑9)

2) The brightness temperature difference, t11 - t12, is primarily determined by atmospheric conditions that are stable on a spatial scale of a few km. This allows us to reliably approximate the brightness temperature difference at imagery resolution as a linear combination of the differences in the neighboring moderate resolution pixels:


d =  Dk wk /  wk








(A‑10)

where:

d   = t11 - t12









(A‑11)
     = brightness temperature difference for the imagery resolution pixel

Dk  = T11 - T12









(A‑12)

      = brightness temperature difference for moderate resolution pixel (k)

wk = relative weight of moderate resolution pixel (k).

and the sum is over all neighboring moderate resolution pixels with non-zero weight.

To determine the relative weights of the neighboring pixels, we adopt the Backus-Gilbert method for constructing a desired spatial response function from a set of neighboring spatial response functions.

A.3.3.2.4 
Backus-Gilbert Construction

Backus and Gilbert (1970) developed a method for approximating a given function as a linear combination of other functions, in the context of inversion of seismic signals propagated through the Earth. The idea of applying the Backus-Gilbert method to the microwave radiometer deconvolution problem was first suggested by Stogryn (1978), and has been applied to the analysis of Special Sensor Microwave Imager (SSM/I) data (Poe, 1990; Farrar and Smith, 1992; Robinson, Kummerow, and Olson, 1992; Farrar, Smith, and Xiang, 1994). The method will be used as part of the algorithm to produce Advanced Microwave Scanning Radiometer (AMSR) Level 2A products (Ashcroft and Wentz, 1998). The application to microwave data attempts to correct for the effects of the antenna pattern on the measured microwave signal. Most of the following description is taken from Stogryn (1978).

Consider a radiometer observing the earth from a satellite. If the bore-sight direction of the antenna is specified by the unit vector s0, then the antenna temperature TA(s0) is given by:

TA(s0)  = ( G(, s0) TB()  d        






(A‑13)

where is a unit vector from the antenna in the direction of the solid angle, G(, s0) is the antenna gain function, (antenna pattern), normalized so that:


(4 G(, s0)  d    = 1








(A‑14) 

and the integration is over all solid angles with a significant signal TB.

Suppose now that a sequence of antenna temperature measurements are made for a number of different beam directions s0 with the purpose of deducing TB(). For the ith measurement, equation (A‑13) will hold with s0 = s0i. So, we can re-write equation (A‑13) as:

TA(i)  = ( Gi() TB()  d        







(A‑15)

where Gi() = G(, s0i).

If N measurements are made, the N functions Gi() (i = 1,…,N) may be considered known since they depend only on the specified scan/track geometry and antenna patterns.

The problem of determining TB(0) for a given line of sight 0 from the N measurements is mathematically identical to the problem treated by Backus and Gilbert (1970). The method consists in seeking a linear combination of the measurements which approximates TB(0) according to some objective criterion. If we write:


TB(0) =  ai TA(i)   ,   (i = 1,N)






(A‑16)


where the constants ai are to be determined, we derive by substitution in equation (A‑15):


 ai TA(i)  = (
[ ai Gi()] TB()  d






(A‑17)

If the bracketed term in equation (A‑17) were the delta function ( - 0), then equation (A‑16) would be an exact solution of the problem. However, with a finite number of measurements, it is not possible to choose the ai to produce the delta function. An approximation which most closely produces some desired behavior is sought. Stogryn (1978) suggested the minimization of the function:


Q = Q0 cos() + e2 w sin()







(A‑18)

where: 

Q0 =  ( [( ai Gi()) – F(, 0),]2 J(, 0) d




(A‑19)

and:

 e2 =  aT E  a








(A‑20)

In this formulation, a is the column vector whose components are ai, E  is the error covariance matrix of the measurements, and F and J are specified functions. The terms w and  are used to balance the effects of resolution and noise in the solution. Ashcroft and Wentz (1998) adopt this approach for AMSR. They combine w and  into a single term,  = w tan(), to re-write equation (A‑18) as:


Q = Q0 + e2 









(A‑21)

Minimization of Q, with the constraint:


( [ ai Gi()]  d =  1






           (A‑22)

and non-negative , provides the ai from which the desired brightness temperature is computed by equation (A‑16).

The Backus-Gilbert method will construct the brightness temperature for a desired pixel, using the brightness temperatures of the measurements in the neighborhood of that pixel:


TB =  ai TB(i)   ,   (i = 1,N)







(A‑23)

Where the ai are Backus-Gilbert coefficients. These are computed by minimization of the term Q in equation (A‑21), subject to the constraint in equation (A‑22).

The coefficients are computed for each channel as:


a  =  S –1  [  v + u (1- uT S –1 v) / (uT S –1 u) ]





(A‑24)

where:


ui = ( Gi() d                         (i=1,N)






(A‑25)


vi = ( Gi() F() J()  d        (i=1,N)






(A‑26)


Gij = ( Gi() Gj() J() d      (i=1,N; j=1,N)





(A‑27)

Sij = Gij + ij                    (i=1,N; j=1,N)





(A‑28)

The integrals are centered at the synthesized cell center, and are with respect to the angle at the sensor:

( d( d( sin() d( sin() d





(A‑29)

where is the angular offset (= 0 at the synthesized cell center). Note that the equations assume that the functions are circularly symmetric, i.e. independent of .

The Gi() are the band spatial response functions. For the initial analysis, we will use Gaussian point spread functions:



G(exp[(/B)2]






(A‑30)

where is selected from sensor models for each band, and A is selected so that

( G() d








(A‑31)


During the EDU fabrication phase, we can use measured EDU spatial response functions.

F() is the desired spatial response function, which we will refer to as the reference function. We wish to produce the brightness temperature that would be observed if the sensor’s spatial response function was F(). For our purposes, F() is the response function for band I5. For the initial analysis, we use a Gaussian with imagery resolution Horizontal Spatial Resolution (HSR).
For the initial analysis, we use a Gaussian with moderate resolution HSR as a reference pattern (G). Our goal is to construct brightness temperatures by applying Backus-Gilbert coefficients to source brightness temperatures obtained from reference pattern G, and minimize the difference between the constructed brightness temperatures and the brightness temperatures obtained from response function F. During the EDU fabrication phase, we will consult with the VIIRS contractor to decide upon the desired form for the reference pattern.

J() is a tuning function. For our purposes, we set it equal to unity, following AMSR practice.

is the channel RMS noise variance. For the initial analysis, we will set this to zero. During the EDU fabrication phase, we will use measured EDU channel noise. Note that we have approximated the measurement error covariance matrix as e2 = ij.  If subsequent analysis of the EDU characteristics warrants the inclusion of off-diagonal terms, we will add them.

 is a resolution/noise balance factor. For the initial analysis, this factor is not relevant, as the noise is set to zero. During the EDU fabrication phase, we will run simulations to optimize .

ij is the Kronecker delta function (=1, if i equals j; =0, if i is not equal to j).

Figure A‑3 shows a schematic of the construction for the N=3 case.
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Figure A‑3. 
Schematic of Backus-Gilbert constructed brightness temperature difference for the N=3 case

In the figure, the brightness temperature difference (d = t11 – t12) for the indicated imagery resolution pixel, is computed as the weighted mean of the observed brightness temperature differences (Dk = (T11) k – (T12)k ; k=1,9) of the nine nearest moderate resolution pixels. Because the imagery pixels are nested 2x2 with the moderate resolution pixels everywhere along the scan and across the scan, this geometry is applicable for all pixels in a VIIRS granule.
In the case that one or more of the neighboring moderate resolution pixels contains bad data for M15 or M16, the Backus-Gilbert construction is bypassed, and d is set equal to D for the central pixel (D5 in the figure). A quality flag is attached to each of the four imagery resolution pixels nested in the central pixel. In the case that the central pixel contains bad data for M15 or M16, the single band algorithm is applied to each of the four imagery resolution pixels nested in the central pixel, and a quality flag is attached to each of the pixels.

A.3.3.3 
Single Band Fallback

The split window algorithm cannot be applied if the M15 or M16 data are bad. In that case, a single band algorithm will be applied:

st = ao + a1tI
(A‑32)

and a quality flag will be attached.

A.3.3.4 
Archived Algorithm Output

Surface Temperature will be produced at imagery resolution as the Surface Temperature IP. The IP is used as input to the VIIRS Ice Concentration software unit [Y3235]. It can be archived as a P3I product. Currently, the IP will not be written for pixels outside of the Horizontal Coverage range for sea ice or fresh water ice. If there is interest in a P3I product outside of the ice zones, the algorithm can be implemented over a wider region.

A.3.3.5 
Variance and Uncertainty Estimate

The Surface Temperature IP is not a system level requirement and therefore does not have a system specification. Surface Temperature IP performance requirements are this driven by the system specifications for the sea ice and fresh water ice products. Surface temperature IP errors were estimated in Phase I as part of the error budget process for the Imagery Sea Ice products [Y2466] and Fresh Water Ice EDR [Y2404]. Performance estimates were derived as follows:

The split-window Ice Surface Temperature algorithm was applied to MODIS Airborne Simulator (MAS) scenes at a 50 meter pixel resolution. Brightness temperatures in MAS bands 45 (11 m) and 46 (12 m) were calculated from the unperturbed TOA radiances in those bands, and used as input data to the algorithm. The retrieved surface temperatures were adopted as “truth”. The 50 meter truth was aggregated to VIIRS imagery pixel sizes at nadir (8 x 8 aggregation to 0.4 km pixels). The aggregated temperatures were adopted as VIIRS “truth”.

The MAS TOA radiances were then aggregated to VIIRS pixel size. A proxy for the VIIRS I5 band radiance was made from the average of the band 45 and 46 radiances. The VIIRS model radiances were perturbed by our models for sensor noise and calibration bias. A 0.5% calibration bias was applied to all radiances. Sensor noise models for VIIRS bands M15 (11 m), M16 (12 m), and I5 (11.45 m) were applied to the corresponding radiances. The perturbed radiances were converted to brightness temperature, and used as input data to the Surface Temperature IP algorithm.

Surface Temperature IP accuracy, precision, and uncertainty errors were calculated from comparison of the retrieved surface temperature to the “truth”. At nadir, these errors are 0.278 K in accuracy and 0.378 K in precision. At edge of scan, the precision error is 0.508 K.

It may seem at first glance that this performance is much better than would be expected from the NEdT specification for the I5 band (c.f. Table A‑1). There are two reasons for this:

1) The NEdT specification for band I5 is at a reference temperature (Ttyp) of 210K. Surface temperatures in regions where we need performance (the marginal ice zones) are ~ 270K, where NEdT is significantly smaller. 

2) NEdT performance is better than specification, since our specification includes margin. 

NEdT performance for the three thermal bands used by the algorithm is shown in Figure A‑4. 
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Figure A‑4.  NEdT performance estimates for bands I5, M15, and M16

At the ice/water temperature boundary (~ 273 K, indicated by the vertical dotted line in the figure), band I5 NEdT performance is 0.289 K. This is somewhat smaller than our derived precision error in Phase I (0.378K at nadir). We assume that the additional derived error is due to band misregistration and/or atmospheric variance, and that the error derived in Phase I from MAS data is still a good estimate of the Surface Temperature IP error in the marginal ice zones. 

A.3.4 
ALGORITHM SENSITIVITY STUDIES

We identify the following factors as possibly contributing to the total error budget for the Surface Temperature IP

· Sensor noise

· Calibration

· MTF

· Band Registration

· Atmospheric Correction

Sensor Noise: Sensor noise is characterized by the NEdT, as discussed in Section A.3.3.5.

Calibration: We applied a calibration bias of 0.5% to the brightness temperature, as discussed in Section A.3.3.5.
MTF: MTF smearing of the radiances will alias real horizontal variability into errors in measured reflectance and/or temperature for a given pixel. We have not quantified this error yet. Our sensitivity study with the MAS scene (Section A.3.3.5) will have included MTF effects in the total measured error.

Band Registration: Band-to-band registration errors will also alias horizontal variability into measurement error. These errors only apply to the split window retrieval, which uses more than one band. Our sensitivity study with the MAS scene (Section A.3.3.5) will have included band misregistration effects in the total measured error. If band misregistration is determined to be a significant error source, we can always use the single band algorithm. Such a determination will have to await validation with actual NPOESS Preparatory Program (NPP)/VIIRS data.

Atmospheric Correction: Atmospheric correction errors are typically perturbations in derived brightness temperature caused by water vapor and aerosols. These errors, discussed in Section 3.3.4, are generally not expected to be important for most cases of retrievals in polar regions. An additional source of atmospheric error is the aliasing of water vapor spatial variability with the error in the Backus-Gilbert constructed BT difference. A construction error is unavoidable, since no finite set of spatial weights can completely construct the correct spatial response function. Although we do not expect this error to be important, we recommend that the appropriate sensitivity study be conducted in the future, following the derivation of spatial weights from the measured VIIRS EDU spatial response functions, using MAS data. 
A.3.5 
PRACTICAL CONSIDERATIONS

A.3.5.1 
Numerical Computation Considerations

Because all coefficients are pre-computed and stored in LUTs, the algorithm will run quickly and efficiently.

A.3.5.2 
Programming and Procedural Considerations

The algorithm requires data from the Build SDR Module, the Snow/Ice Module, the Aerosol Module, and the Cloud Module.

A.3.5.3 
Quality Assessment and Diagnostics

Pixel-based quality flags (TBD) will be provided which indicate the confidence in the IP. These will include RED flags for pixels containing bad data.

A.3.5.4 
Exception Handling

The process will apply the pre-computed coefficients for all imagery resolution pixels containing good data. In the case that the co-spatial moderate resolution pixel contains bad data, the algorithm will apply the single band algorithm, and flag the pixel. In the case that neighboring moderate resolution pixels are bad, the process will use the brightness temperature difference of the co-spatial moderate resolution pixel in place of the Backus-Gilbert construction, and will flag the pixel.

A.3.6
   ALGORITHM VALIDATION

A.3.6.1 
Pre-Launch Validation

Pre-launch validation of the IST algorithms has been discussed in Section 3.6.1. Validation of the additional spectral and spatial functions used by the ST IP algorithm will be made from VIIRS EDU observed properties.

A.3.6.2 
Post-Launch Validation

Post-launch validation of the IST algorithms has been discussed in Section 3.6.2. Validation of the additional spectral and spatial functions used by the ST IP algorithm will be made from NPP/VIIRS data.

A.4.0
ASSUMPTIONS AND LIMITATIONS

The ST IP algorithm is subject to the same assumptions and limitations as the IST algorithm (Section 4.0 of this document). The only additional assumption is that the water vapor correction at imagery resolution is sufficiently close to the correction at moderate resolution. By sufficiently close, we mean that the additional error caused by variation in water vapor on a spatial scale less than ~ 1km is small compared with the error in the split window IST retrieval. This assumption will be tested with MAS data.
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				1.15		-0.176

				-5.00E-02		-1.538

				5.00E-02		-1.675

				-25.45		-26.344

				-17.65		-18.847

				-14.75		-16.005

				-16.45		-17.312

				-10.75		-12.069

				-5.95		-7.471

				0.75		-0.377

				1.05		-0.263

				-0.15		-1.625

				5.00E-02		-1.675

				-25.95		-26.76

				-20.75		-21.793

				-16.45		-17.635

				-15.25		-16.3

				-10.05		-11.426

				-6.25		-7.762

				0.65		-0.487

				0.95		-0.345

				-0.15		-1.623

				5.00E-02		-1.675

				-25.65		-26.469

				-23.95		-24.9

				-18.15		-19.283

				-13.35		-14.655

				-8.85		-10.344

				-6.85		-8.323

				0.55		-0.592

				0.85		-0.434

				-0.25		-1.712

				5.00E-02		-1.675

				-24.55		-25.383

				-26.95		-27.877

				-20.05		-21.116

				-11.65		-13.114

				-7.95		-9.547

				-7.15		-8.658

				0.45		-0.697

				0.65		-0.639

				-0.25		-1.721

				5.00E-02		-1.675

				-22.75		-23.67

				-29.55		-30.45

				-22.85		-23.783

				-11.35		-12.866

				-7.65		-9.308

				-7.15		-8.692

				0.25		-0.908

				0.55		-0.779

				-0.35		-1.809

				5.00E-02		-1.675

				-20.65		-21.638

				-31.35		-32.226

				-26.15		-26.968

				-12.45		-13.926

				-7.95		-9.592

				-6.65		-8.227

				0.15		-1.005

				0.45		-0.87

				-0.35		-1.808

				5.00E-02		-1.675

				-18.45		-19.549

				-32.15		-33.003

				-29.55		-30.445

				-14.45		-15.796

				-8.25		-9.864

				-6.05		-7.644

				5.00E-02		-1.087

				0.35		-0.954

				-0.35		-1.822

				5.00E-02		-1.675

				-16.35		-17.537

				-31.25		-32.066

				-32.15		-33.025

				-16.55		-17.772

				-8.25		-9.827

				-5.55		-7.142

				0.85		-0.341

				-5.00E-02		-1.164

				0.25		-1.076

				-0.35		-1.822

				5.00E-02		-1.675

				-14.45		-15.757

				-28.85		-29.589

				-33.25		-34.097

				-18.55		-19.684

				-8.35		-9.921

				0.75		-0.444

				-0.15		-1.259

				0.15		-1.163

				-0.45		-1.904

				5.00E-02		-1.675

				-25.05		-25.701

				-32.95		-33.761

				-20.15		-21.229

				-8.65		-10.24

				0.75		-0.459

				-0.25		-1.353

				0.15		-1.245

				-0.45		-1.893

				5.00E-02		-1.675

				-20.65		-21.489

				-31.35		-32.132

				-21.45		-22.474

				-9.05		-10.586

				0.65		-0.548

				-0.35		-1.439

				5.00E-02		-1.327

				-0.45		-1.921

				5.00E-02		-1.675

				-16.45		-17.559

				-28.85		-29.543

				-22.25		-23.211

				0.65		-0.462

				-0.45		-1.574

				-5.00E-02		-1.412

				-0.45		-1.915

				5.00E-02		-1.675

				-13.05		-14.423

				-25.65		-26.299

				-22.15		-23.154

				0.65		-0.452

				-0.55		-1.655

				-5.00E-02		-1.413

				-0.45		-1.912

				5.00E-02		-1.675

				-10.65		-12.165

				-22.15		-22.917

				-21.05		-22.075

				0.65		-0.423

				-0.65		-1.764

				-0.15		-1.536

				-0.45		-1.924

				5.00E-02		-1.675

				-9.65		-11.208

				-18.55		-19.537

				-19.25		-20.324

				0.65		-0.412

				-0.65		-1.759

				-0.15		-1.527

				-0.45		-1.92

				5.00E-02		-1.675

				-9.65		-11.227

				-15.35		-16.54

				-17.05		-18.186

				-0.75		-1.862

				-0.25		-1.633

				-0.45		-1.96

				5.00E-02		-1.675

				-12.95		-14.299

				-14.65		-15.883

				-8.55		-10.022

				-0.85		-1.937

				-0.25		-1.677

				-0.45		-1.952

				5.00E-02		-1.675

				-11.35		-12.805

				-12.35		-13.716

				-7.35		-8.916

				-0.95		-2.012

				-0.35		-1.752

				-0.45		-1.948

				5.00E-02		-1.675

				-10.45		-11.978

				-10.25		-11.772

				-5.95		-7.621

				-1.05		-2.098

				-0.35		-1.752

				-0.35		-1.854

				5.00E-02		-1.675

				-9.95		-11.492

				-8.45		-10.093

				-5.05		-6.795

				-1.15		-2.225

				-0.35		-1.803

				-0.35		-1.85

				5.00E-02		-1.675

				-9.55		-11.081

				-6.95		-8.729

				-4.75		-6.549

				-1.25		-2.355

				-0.45		-1.882

				-0.35		-1.849

				5.00E-02		-1.675

				-8.95		-10.541

				-5.45		-7.383

				-4.75		-6.59

				-1.25		-2.359

				-0.45		-1.884

				-0.25		-1.801

				5.00E-02		-1.675

				-20.55		-21.54

				-8.25		-9.866

				-3.75		-5.784

				-4.55		-6.372

				-1.35		-2.456

				-0.55		-2.012

				-0.25		-1.799

				5.00E-02		-1.675

				-19.35		-20.24

				-7.75		-9.366

				-2.15		-4.291

				-3.95		-5.807

				-1.35		-2.464

				-0.55		-2.03

				-0.25		-1.793

				5.00E-02		-1.675

				-17.35		-18.353

				-7.55		-9.14

				-0.65		-2.913

				-3.15		-5.025

				-0.65		-1.655

				-1.45		-2.563

				-0.55		-2.028

				-0.15		-1.697

				5.00E-02		-1.675

				-16.35		-17.652

				-15.05		-16.149

				-7.95		-9.434

				0.25		-2.06

				-2.15		-4.088

				-0.65		-1.647

				-1.35		-2.531

				-0.55		-2.063

				-0.15		-1.693

				5.00E-02		-1.675

				-13.25		-14.684

				-13.05		-14.282

				-8.95		-10.308

				0.45		-1.846

				-1.15		-3.134

				-0.55		-1.552

				-1.35		-2.561

				-0.55		-2.067

				-0.15		-1.756

				5.00E-02		-1.675

				-11.85		-13.17

				-10.55		-11.659

				-0.35		-2.55

				-0.15		-2.17

				-0.45		-1.491

				-1.25		-2.516

				-0.55		-2.085

				-5.00E-02		-1.697

				5.00E-02		-1.675

				-11.65		-12.939

				-12.55		-13.398

				-2.25		-4.242

				0.75		-1.34

				-0.65		-2.55

				-0.35		-1.428

				-1.15		-2.441

				-0.55		-2.128

				-5.00E-02		-1.697

				5.00E-02		-1.675

				-12.05		-13.291

				-14.55		-15.199

				-5.25		-6.813

				1.25		-0.991

				-0.25		-2.05

				3.45		2.244

				-0.25		-1.36

				-1.05		-2.376

				-0.55		-2.159

				5.00E-02		-1.608

				5.00E-02		-1.675

				-16.05		-16.669

				-9.05		-10.076

				0.85		-1.506

				3.25		2.017

				-0.25		-1.413

				-0.95		-2.295

				-0.55		-2.174

				5.00E-02		-1.608

				5.00E-02		-1.675

				-16.85		-17.622

				-13.05		-13.633

				-0.35		-2.717

				2.85		1.67

				-0.15		-1.342

				-0.75		-2.12

				-0.55		-2.178

				5.00E-02		-1.61

				5.00E-02		-1.675

				-16.95		-17.824

				-16.95		-17.455

				-2.55		-4.687

				2.55		1.384

				-5.00E-02		-1.319

				-0.65		-2.08

				-0.45		-2.092

				0.15		-1.528

				5.00E-02		-1.675

				-16.75		-17.697

				-20.65		-21.316

				-5.75		-7.517

				2.35		1.181

				5.00E-02		-1.254

				-0.45		-1.877

				-0.45		-2.102

				0.15		-1.538

				5.00E-02		-1.675

				-16.35		-17.314

				-23.85		-24.617

				2.15		0.972

				0.15		-1.18

				-0.25		-1.703

				-0.35		-2.054

				0.25		-1.46

				5.00E-02		-1.675

				-15.85		-16.829

				-25.65		-26.46

				2.05		0.793

				-0.15		-1.66

				-0.35		-2.056

				0.25		-1.46

				5.00E-02		-1.675

				-14.75		-15.778

				-25.05		-25.9

				2.05		0.687

				-5.00E-02		-1.608

				-0.25		-2.02

				0.35		-1.437

				5.00E-02		-1.675

				-12.85		-14.042

				-21.55		-22.479

				2.05		0.647

				0.45		-0.983

				5.00E-02		-1.538

				-0.15		-1.958

				0.35		-1.439

				5.00E-02		-1.675

				-10.65		-11.996

				-16.15		-17.247

				0.55		-0.896

				0.15		-1.457

				-0.15		-1.995

				0.35		-1.443

				5.00E-02		-1.675

				-8.55		-10.057

				-10.75		-12.083

				0.65		-0.84

				0.25		-1.413

				-5.00E-02		-1.92

				0.45		-1.371

				5.00E-02		-1.675

				-7.15		-8.728

				-6.95		-8.463

				2.25		0.692

				0.75		-0.758

				0.25		-1.453

				-5.00E-02		-1.935

				0.45		-1.383

				5.00E-02		-1.675

				-6.25		-7.854

				-4.95		-6.575

				2.15		0.619

				0.85		-0.697

				0.35		-1.374

				5.00E-02		-1.882

				0.45		-1.397

				5.00E-02		-1.675

				-5.75		-7.337

				-3.85		-5.545

				2.05		0.497

				0.85		-0.752

				0.25		-1.588

				5.00E-02		-1.917

				0.55		-1.323

				5.00E-02		-1.675

				-5.25		-6.842

				-2.95		-4.673

				1.95		0.449

				0.85		-0.747

				0.25		-1.641

				0.15		-1.921

				0.55		-1.362

				5.00E-02		-1.675

				-5.05		-6.653

				-1.95		-3.79

				0.85		-0.833

				0.25		-1.694

				0.15		-1.972

				0.55		-1.373

				5.00E-02		-1.675

				-5.25		-6.832

				-1.15		-3.047

				0.85		-0.867

				0.15		-1.82

				0.15		-2

				0.55		-1.379

				5.00E-02		-1.675

				-5.95		-7.419

				-0.85		-2.776

				0.75		-1.05

				0.15		-1.922

				0.15		-2.025

				0.55		-1.39

				5.00E-02		-1.675

				-6.85		-8.222

				-0.75		-2.689

				1.15		-0.383

				0.65		-1.187

				5.00E-02		-2.089

				0.25		-1.967

				0.55		-1.397

				5.00E-02		-1.675

				-7.55		-8.829

				-0.65		-2.576

				0.95		-0.613

				0.45		-1.358

				5.00E-02		-2.135

				0.25		-1.961

				0.55		-1.404

				5.00E-02		-1.675

				-8.05		-9.28

				-0.45		-2.403

				0.35		-1.537

				-5.00E-02		-2.272

				0.25		-1.978

				0.55		-1.412

				5.00E-02		-1.675

				-8.65		-9.777

				-0.35		-2.281

				0.15		-1.731

				-5.00E-02		-2.35

				0.25		-1.985

				0.55		-1.42

				5.00E-02		-1.675

				-9.75		-10.817

				-0.55		-2.425

				-5.00E-02		-1.944

				-5.00E-02		-2.385

				0.25		-1.995

				0.55		-1.43

				5.00E-02		-1.675

				-11.35		-12.323

				-0.95		-2.851

				-0.25		-1.793

				-0.15		-2.065

				-5.00E-02		-2.398

				0.25		-1.999

				0.55		-1.453

				5.00E-02		-1.675

				-13.25		-14.068

				-1.55		-3.382

				-0.45		-2.052

				-0.35		-2.242

				-5.00E-02		-2.4

				0.25		-2.007

				0.55		-1.522

				5.00E-02		-1.675

				-15.05		-15.787

				-2.35		-4.152

				-0.65		-2.248

				-0.45		-2.338

				-5.00E-02		-2.41

				0.25		-2.043

				0.55		-1.523

				5.00E-02		-1.675

				-16.85		-17.555

				-3.45		-5.116

				-0.65		-2.253

				-0.55		-2.439

				-5.00E-02		-2.419

				0.25		-2.029

				0.55		-1.536

				5.00E-02		-1.675

				-22.15		-23.16

				-18.25		-18.998

				-4.75		-6.238

				-0.65		-2.281

				-0.55		-2.462

				-5.00E-02		-2.425

				0.15		-2.126

				0.55		-1.542

				5.00E-02		-1.675

				-22.05		-23.084

				-19.55		-20.382

				-5.95		-7.304

				-0.55		-2.211

				-0.55		-2.477

				5.00E-02		-2.366

				0.15		-2.134

				0.55		-1.552

				5.00E-02		-1.675

				-22.65		-23.68

				-20.55		-21.435

				-6.75		-8.083

				-0.25		-1.979

				-0.45		-2.41

				5.00E-02		-2.372

				0.15		-2.143

				0.45		-1.671

				5.00E-02		-1.675

				-23.95		-24.957

				-21.55		-22.477

				-6.95		-8.275

				0.25		-1.648

				-5.00E-02		-1.841

				-0.45		-2.427

				5.00E-02		-2.334

				0.15		-2.146

				0.45		-1.673

				5.00E-02		-1.675

				-25.65		-26.635

				-22.45		-23.4

				-7.05		-8.391

				1.35		-0.877

				0.35		-1.59

				0.15		-1.624

				-0.35		-2.315

				5.00E-02		-2.335

				0.15		-2.154

				0.45		-1.677

				5.00E-02		-1.675

				-27.15		-28.121

				-23.45		-24.4

				-7.45		-8.826

				1.15		-1.069

				0.45		-1.595

				0.35		-1.469

				-0.35		-2.31

				5.00E-02		-2.339

				0.15		-2.143

				0.45		-1.672

				5.00E-02		-1.675

				-27.85		-28.914

				-34.65		-35.549

				-28.05		-29.016

				-24.65		-25.613

				-8.35		-9.717

				0.95		-1.288

				0.45		-1.67

				0.45		-1.403

				-0.35		-2.294

				5.00E-02		-2.325

				0.15		-2.15

				0.45		-1.673

				5.00E-02		-1.675

				-24.85		-26.023

				-25.75		-26.837

				-32.65		-33.589

				-28.75		-29.704

				-26.15		-27.104

				-9.65		-10.983

				0.75		-1.46

				0.35		-1.843

				0.55		-1.308

				-0.35		-2.245

				5.00E-02		-2.317

				0.15		-2.13

				0.45		-1.673

				5.00E-02		-1.675

				-28.15		-29.198

				-22.75		-24.008

				-22.55		-23.684

				-26.75		-28.007

				-30.35		-31.309

				-29.85		-30.767

				-28.05		-28.985

				-11.25		-12.537

				0.45		-1.62

				0.25		-1.985

				0.55		-1.351

				-0.45		-2.331

				5.00E-02		-2.233

				0.15		-2.135

				0.35		-1.755

				5.00E-02		-1.675

				-26.75		-27.86

				-21.75		-23.022

				-21.25		-22.422

				-24.05		-25.287

				-28.85		-29.87

				-31.75		-32.582

				-30.35		-31.258

				-12.75		-14.007

				0.35		-1.597

				0.25		-1.986

				0.45		-1.469

				-0.45		-2.342

				5.00E-02		-2.228

				0.15		-2.142

				0.35		-1.754

				5.00E-02		-1.675

				-25.85		-26.947

				-21.95		-23.184

				-22.15		-23.29

				-23.55		-24.692

				-26.25		-27.333

				-28.55		-29.554

				-34.55		-35.269

				-32.35		-33.234

				-14.15		-15.368

				0.15		-1.685

				0.25		-1.966

				0.35		-1.628

				-0.55		-2.45

				5.00E-02		-2.223

				0.15		-2.15

				0.35		-1.755

				5.00E-02		-1.675

				-25.45		-26.541

				-23.35		-24.46

				-24.85		-25.912

				-25.15		-26.22

				-25.15		-26.215

				-29.45		-30.417

				-37.15		-37.917

				-33.15		-34.029

				-14.85		-16.059

				0.15		-1.571

				0.25		-1.888

				0.35		-1.724

				-0.55		-2.479

				0.15		-2.141

				0.15		-2.153

				0.35		-1.754

				5.00E-02		-1.675

				-25.45		-26.491

				-25.65		-26.67

				-29.05		-30.021

				-28.55		-29.539

				-25.75		-26.794

				-30.75		-31.702

				-38.35		-39.151

				-31.95		-32.854

				5.00E-02		-1.589

				0.35		-1.724

				0.35		-1.771

				-0.65		-2.615

				0.15		-2.149

				0.15		-2.184

				0.35		-1.753

				5.00E-02		-1.675

				-25.75		-26.759

				-28.45		-29.401

				-33.65		-34.534

				-33.05		-33.953

				-27.35		-28.362

				-31.45		-32.389

				-37.25		-38.08

				-28.65		-29.605

				-0.15		-1.681

				0.35		-1.618

				0.35		-1.822

				-0.55		-2.544

				0.25		-2.079

				0.15		-2.185

				0.35		-1.754

				5.00E-02		-1.675

				-26.35		-27.335

				-31.25		-32.142

				-37.95		-38.754

				-37.45		-38.274

				-29.15		-30.128

				-31.25		-32.194

				-34.05		-34.931

				-23.95		-25.006

				-0.65		-2.103

				0.25		-1.639

				0.35		-1.848

				-0.55		-2.572

				0.25		-2.084

				0.25		-2.126

				0.35		-1.753

				5.00E-02		-1.675

				-27.15		-28.112

				-33.75		-34.597

				-41.05		-41.795

				-40.95		-41.71

				-30.85		-31.8

				-30.15		-31.107

				-30.05		-30.978

				-19.45		-20.613

				-1.25		-2.587

				5.00E-02		-1.759

				0.35		-1.917

				-0.45		-2.518

				0.35		-2.01

				0.25		-2.128

				0.35		-1.75

				5.00E-02		-1.675

				-28.05		-29.006

				-35.55		-36.358

				-42.55		-43.265

				-43.05		-43.768

				-31.95		-32.883

				-28.95		-29.909

				-27.25		-28.233

				-16.75		-18.056

				-1.85		-3.11

				-0.35		-2.022

				0.25		-1.995

				-0.35		-2.514

				0.45		-1.925

				0.25		-2.128

				0.35		-1.731

				5.00E-02		-1.675

				-28.85		-29.788

				-36.45		-37.237

				-42.15		-42.861

				-43.45		-44.161

				-32.75		-33.673

				-28.75		-29.718

				-27.05		-28.029

				-16.65		-17.999

				-2.35		-3.546

				-0.75		-2.329

				0.25		-2.006

				-0.25		-2.438

				0.55		-1.843

				0.25		-2.124

				0.25		-1.81

				5.00E-02		-1.675

				-29.55		-30.479

				-36.45		-37.235

				-39.95		-40.689

				-42.45		-43.174

				-33.45		-34.362

				-30.05		-31.002

				-29.95		-30.86

				-19.05		-20.292

				-1.15		-2.645

				5.00E-02		-2.109

				-0.15		-2.358

				0.55		-1.837

				0.25		-2.115

				0.25		-1.803

				5.00E-02		-1.675

				-30.05		-30.962

				-35.55		-36.35

				-36.35		-37.139

				-40.25		-41.01

				-34.35		-35.24

				-32.85		-33.758

				-34.75		-35.612

				-22.45		-23.507

				-1.35		-2.798

				-5.00E-02		-2.056

				-5.00E-02		-2.255

				0.65		-1.801

				0.25		-2.084

				0.25		-1.785

				5.00E-02		-1.675

				-30.35		-31.26

				-34.15		-34.973

				-31.95		-32.786

				-37.55		-38.351

				-35.65		-36.515

				-36.55		-37.39

				-39.65		-40.413

				-25.15		-26.132

				-1.35		-2.72

				-0.15		-2.048

				5.00E-02		-2.109

				0.65		-1.788

				0.25		-2.039

				0.25		-1.769

				5.00E-02		-1.675

				-31.25		-32.212

				-30.35		-31.263

				-32.25		-33.109

				-27.25		-28.125

				-34.65		-35.498

				-37.25		-38.083

				-40.35		-41.108

				-42.65		-43.348

				-25.65		-26.62

				-9.65		-11.326

				-1.15		-2.577

				-0.15		-1.979

				0.15		-1.992

				0.55		-1.845

				0.25		-1.99

				0.25		-1.754

				5.00E-02		-1.675

				-31.05		-32.023

				-30.25		-31.166

				-30.25		-31.142

				-22.85		-23.976

				-31.95		-32.852

				-38.85		-39.648

				-43.15		-43.795

				-42.85		-43.54

				-23.55		-24.557

				-8.65		-10.403

				1.95		0.483

				-0.65		-2.097

				-0.25		-1.951

				0.25		-1.823

				0.55		-1.806

				0.25		-1.939

				0.25		-1.732

				5.00E-02		-1.675

				-30.85		-31.81

				-29.85		-30.777

				-28.45		-29.363

				-19.25		-20.643

				-29.55		-30.489

				-39.85		-40.626

				-44.45		-45.051

				-40.35		-41.076

				-19.65		-20.805

				-7.55		-9.347

				3.55		1.856

				-0.15		-1.645

				-0.15		-1.801

				0.25		-1.685

				0.45		-1.811

				0.25		-1.888

				0.35		-1.609

				5.00E-02		-1.675

				-30.75		-31.715

				-29.45		-30.377

				-26.85		-27.822

				-27.35		-28.33

				-39.65		-40.423

				-43.85		-44.485

				-35.85		-36.638

				-15.15		-16.607

				-6.65		-8.489

				4.95		3.016

				0.55		-1

				5.00E-02		-1.558

				0.35		-1.483

				0.45		-1.718

				0.25		-1.838

				0.35		-1.595

				5.00E-02		-1.675

				-25.15		-26.163

				-37.75		-38.54

				-41.05		-41.723

				-30.35		-31.165

				-11.25		-12.983

				-6.05		-7.862

				6.25		4.151

				1.25		-0.367

				0.25		-1.378

				0.35		-1.404

				0.35		-1.721

				0.25		-1.788

				0.35		-1.575

				5.00E-02		-1.675

				-22.85		-23.894

				-34.05		-34.883

				-36.25		-36.969

				-24.45		-25.37

				-8.25		-10.073

				-5.65		-7.431

				7.25		4.847

				1.95		0.226

				0.65		-0.959

				0.45		-1.252

				0.25		-1.747

				0.25		-1.737

				0.35		-1.562

				5.00E-02		-1.675

				-20.45		-21.571

				-28.85		-29.743

				-29.95		-30.676

				-18.45		-19.602

				-5.95		-7.864

				-4.85		-6.623

				-2.85		-4.668

				12.45		9.66

				8.05		5.636

				2.65		0.861

				1.05		-0.575

				0.55		-1.05

				0.15		-1.724

				0.25		-1.671

				0.35		-1.546

				5.00E-02		-1.675

				-18.15		-19.373

				-22.75		-23.69

				-22.75		-23.549

				-12.65		-14.104

				-4.05		-6.027

				-3.45		-5.263

				-0.85		-2.824

				13.15		10.198

				8.75		6.131

				3.35		1.5

				1.55		-0.115

				0.65		-0.941

				0.15		-1.623

				0.25		-1.621

				0.35		-1.537

				5.00E-02		-1.675

				-16.25		-17.768

				-16.75		-17.895

				-15.85		-16.93

				-7.65		-9.381

				-2.55		-4.6

				-1.95		-3.927

				0.95		-1.258

				13.85		10.674

				9.35		6.67

				4.15		2.19

				2.15		0.412

				0.75		-0.828

				0.15		-1.577

				0.25		-1.581

				0.35		-1.524

				5.00E-02		-1.675

				-14.95		-16.353

				-11.55		-13.025

				-10.15		-11.615

				-3.95		-5.951

				-1.45		-3.593

				-0.85		-2.909

				1.85		-0.494

				9.85		7.183

				4.95		2.927

				2.75		0.993

				0.95		-0.588

				0.25		-1.455

				0.35		-1.433

				0.35		-1.487

				5.00E-02		-1.675

				-7.85		-9.544

				-6.25		-7.978

				-1.85		-3.982

				-1.05		-3.152

				-0.45		-2.508

				1.85		-0.41

				10.25		7.555

				5.65		3.525

				3.25		1.42

				1.15		-0.385

				0.35		-1.306

				0.35		-1.397

				0.35		-1.472

				5.00E-02		-1.675

				-5.65		-7.474

				-4.05		-5.936

				-1.25		-3.336

				-1.15		-3.155

				-0.25		-2.303

				1.65		-0.537

				10.65		7.972

				6.25		4.118

				3.65		1.781

				1.35		-0.217

				0.45		-1.168

				0.45		-1.291

				0.35		-1.46

				5.00E-02		-1.675

				-4.75		-6.649

				-3.15		-5.044

				-1.55		-3.5

				-1.15		-3.118

				-0.15		-2.214

				10.85		8.233

				6.85		4.665

				4.05		2.125

				1.55		-8.00E-03

				0.75		-0.892

				0.55		-1.146

				0.45		-1.371

				5.00E-02		-1.675

				-4.85		-6.728

				-2.75		-4.683

				-2.05		-3.925

				-0.95		-3.008

				5.00E-02		-2.12

				10.95		8.454

				7.15		4.976

				4.35		2.427

				1.85		0.273

				1.05		-0.648

				0.65		-1.055

				0.45		-1.363

				5.00E-02		-1.675

				-5.45		-7.305

				-2.45		-4.416

				-2.25		-4.155

				-0.65		-2.817

				10.85		8.553

				7.45		5.344

				4.55		2.6

				2.15		0.469

				1.35		-0.375

				0.75		-0.948

				0.45		-1.365

				5.00E-02		-1.675

				-6.25		-8.074

				-2.05		-4.126

				-2.25		-4.213

				-0.65		-2.84

				7.55		5.544

				4.85		2.908

				2.55		0.819

				1.65		-0.108

				0.85		-0.859

				0.45		-1.312

				5.00E-02		-1.675

				-7.35		-9.069

				-1.85		-4.042

				-2.15		-4.188

				-0.85		-2.998

				7.65		5.704

				5.15		3.127

				2.95		1.192

				2.05		0.213

				0.95		-0.786

				0.45		-1.313

				5.00E-02		-1.675

				-8.65		-10.292

				-2.15		-4.326

				-2.35		-4.372

				-1.35		-3.33

				7.75		5.822

				5.45		3.494

				3.35		1.482

				2.35		0.449

				1.05		-0.714

				0.45		-1.303

				5.00E-02		-1.675

				-10.25		-11.697

				-3.15		-5.199

				-2.75		-4.662

				-1.85		-3.661

				5.95		3.848

				3.75		1.847

				2.65		0.662

				1.15		-0.61

				0.55		-1.22

				5.00E-02		-1.675

				-11.95		-13.236

				-4.65		-6.504

				-3.15		-4.952

				-1.95		-3.658

				6.45		4.374

				4.15		2.12

				2.95		0.897

				1.25		-0.517

				0.55		-1.227

				5.00E-02		-1.675

				-13.25		-14.39

				-6.15		-7.743

				-3.35		-5.044

				-1.65		-3.299

				7.05		4.825

				4.55		2.54

				3.15		1.054

				1.35		-0.462

				0.55		-1.201

				5.00E-02		-1.675

				-13.95		-14.982

				-7.25		-8.677

				-3.25		-4.843

				-1.15		-2.814

				8.95		6.702

				7.55		5.348

				4.85		2.798

				3.25		1.139

				1.45		-0.376

				0.55		-1.205

				5.00E-02		-1.675

				-13.75		-14.823

				-7.55		-8.864

				-2.95		-4.561

				-0.65		-2.411

				7.95		5.624

				4.95		2.974

				3.35		1.183

				1.45		-0.397

				0.55		-1.213

				5.00E-02		-1.675

				-12.75		-13.816

				-7.15		-8.434

				-2.55		-4.151

				9.45		6.944

				8.15		5.858

				5.05		3.029

				3.35		1.186

				1.45		-0.392

				0.65		-1.138

				5.00E-02		-1.675

				-11.25		-12.336

				-5.95		-7.283

				-2.35		-4.034

				6.85		4.64

				9.45		6.922

				8.15		5.919

				4.95		2.937

				3.35		1.15

				1.55		-0.291

				0.65		-1.131

				5.00E-02		-1.675

				-4.55		-6.046

				-2.05		-3.79

				7.65		5.557

				7.85		5.738

				4.75		2.864

				3.25		1.074

				1.55		-0.319

				0.65		-1.138

				5.00E-02		-1.675

				-3.35		-4.991

				-1.55		-3.431

				8.45		6.185

				7.35		5.246

				4.55		2.699

				3.15		0.973

				1.55		-0.332

				0.65		-1.114

				5.00E-02		-1.675

				-8.05		-9.359

				-2.55		-4.357

				-1.05		-3.103

				2.95		0.859

				1.55		-0.315

				0.65		-1.119

				5.00E-02		-1.675

				-8.25		-9.577

				-2.45		-4.344

				-0.65		-2.847

				5.85		3.994

				2.85		0.767

				1.55		-0.334

				0.75		-0.999

				5.00E-02		-1.675

				-8.95		-10.273

				-3.15		-4.992

				-0.85		-3.101

				2.75		0.709

				1.55		-0.331

				0.75		-1.007

				5.00E-02		-1.675

				-9.95		-11.249

				-4.25		-5.986

				-1.75		-3.871

				2.55		0.549

				1.55		-0.239

				0.75		-0.995

				5.00E-02		-1.675

				-11.05		-12.349

				-5.55		-7.159

				-3.25		-5.16

				2.45		0.477

				1.65		-0.165

				0.75		-1.003

				5.00E-02		-1.675

				-11.95		-13.215

				-6.75		-8.263

				-5.05		-6.675

				1.65		-0.168

				0.75		-1.008

				5.00E-02		-1.675

				-12.95		-14.239

				-7.65		-9.071

				-6.65		-8.114

				1.65		-0.139

				0.85		-0.902

				5.00E-02		-1.675

				-13.95		-15.276

				-8.25		-9.708

				-7.75		-9.095

				1.75		-5.40E-02

				0.85		-0.904

				5.00E-02		-1.675

				-34.25		-35.092

				-8.85		-10.333

				-8.45		-9.755

				1.75		5.00E-03

				0.85		-0.905

				5.00E-02		-1.675

				-34.75		-35.582

				-9.75		-11.259

				-9.15		-10.365

				-5.25		-6.631

				1.85		9.10E-02

				0.85		-0.859

				5.00E-02		-1.675

				-35.35		-36.149

				-9.75		-10.923

				-5.65		-7.012

				1.85		0.131

				0.85		-0.851

				5.00E-02		-1.675

				-36.05		-36.805

				-5.85		-7.353

				0.95		-0.747

				1.95		0.284

				0.95		-0.773

				5.00E-02		-1.675

				-36.75		-37.491

				-38.55		-39.185

				-5.95		-7.63

				-2.55		-4.711

				1.95		0.345

				0.95		-0.736

				5.00E-02		-1.675

				-37.35		-38.066

				-39.65		-40.235

				-12.05		-13.198

				-4.05		-6.11

				1.25		-0.133

				2.05		0.432

				0.95		-0.741

				5.00E-02		-1.675

				-40.35		-40.917

				-34.55		-35.108

				-25.75		-26.701

				-19.15		-20.205

				-13.65		-14.702

				-8.85		-10.358

				-6.95		-8.65

				1.05		-0.274

				2.05		0.441

				0.95		-0.743

				5.00E-02		-1.675

				-40.65		-41.201

				-34.15		-34.542

				-26.55		-27.434

				-21.75		-22.713

				-16.55		-17.402

				-13.15		-14.302

				-11.65		-12.919

				0.85		-0.385

				2.15		0.558

				0.95		-0.746

				5.00E-02		-1.675

				-40.55		-41.111

				-33.55		-33.883

				-27.25		-28.047

				-24.75		-25.57

				-20.85		-21.411

				-19.55		-20.31

				-17.25		-18.279

				-9.65		-10.9

				0.75		-0.394

				2.15		0.568

				0.95		-0.747

				5.00E-02		-1.675

				-39.95		-40.561

				-33.25		-33.539

				-28.35		-29.072

				-27.95		-28.666

				-25.95		-26.343

				-26.45		-26.975

				-22.05		-22.842

				-9.15		-10.397

				0.65		-0.414

				2.15		0.679

				0.95		-0.728

				5.00E-02		-1.675

				-38.95		-39.606

				-33.15		-33.621

				-29.65		-30.351

				-30.85		-31.521

				-30.85		-31.404

				-31.85		-32.246

				-24.35		-24.706

				-7.55		-8.966

				2.25		0.76

				0.95		-0.73

				5.00E-02		-1.675

				-37.65		-38.353

				-33.25		-33.858

				-30.95		-31.687

				-33.25		-33.9

				-34.35		-34.934

				-34.35		-34.813

				-23.05		-23.302

				-5.35		-7.048

				2.25		0.761

				0.95		-0.731

				5.00E-02		-1.675

				-36.15		-36.895

				-33.25		-33.941

				-32.05		-32.829

				-34.65		-35.363

				-36.15		-36.8

				-33.95		-34.568

				-19.45		-20.025

				-3.45		-5.373

				-1.05		-3.142

				2.25		0.784

				0.85		-0.729

				5.00E-02		-1.675

				-30.35		-31.252

				-34.35		-35.141

				-33.05		-33.798

				-32.75		-33.568

				-35.35		-36.099

				-36.75		-37.461

				-32.05		-32.785

				-15.45		-16.414

				-2.65		-4.61

				-2.95		-4.7

				2.25		0.785

				0.85		-0.736

				5.00E-02		-1.675

				-29.05		-29.987

				-32.55		-33.352

				-32.55		-33.335

				-32.95		-33.779

				-35.65		-36.42

				-36.85		-37.587

				-30.15		-30.925

				-12.95		-14.155

				-3.15		-4.936

				-4.75		-6.261

				2.25		0.777

				0.85		-0.737

				5.00E-02		-1.675

				-28.15		-29.095

				-30.85		-31.666

				-31.45		-32.25

				-32.65		-33.489

				-35.75		-36.515

				-37.35		-37.993

				-29.35		-30.071

				-12.25		-13.503

				-4.45		-6.047

				-5.65		-7.032
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Ice Surface temperature

Brightness Temperature

IST v.s. BT at 12 um
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				0.9209999		1.628

				0.952		1.66

				1.004		1.725

				0.407999		0.8739986

				0.2059994		0.5049992

				1.264		2.137

				0.6509999		1.166

				0.7		1.269

				0.789		1.43

				0.933		1.642

				0.966		1.678

				1.004		1.725

				0.4500008		0.9470005

				0.2670002		0.6660004

				1.005		1.767

				0.6479999		1.169

				0.719		1.304

				0.792		1.427

				0.942		1.652

				0.974		1.688

				1.004		1.725

				0.4669991		0.9639988

				0.2980003		0.7670002

				0.649		1.178

				0.734		1.33

				0.8099999		1.453

				0.974		1.704

				0.99		1.71

				1.004		1.725

				0.4860001		0.9790001

				0.3070011		0.8099995

				0.6899999		1.257

				0.844		1.51

				0.979		1.706

				0.994		1.71

				1.004		1.725

				0.5240002		1.028

				0.3460007		0.8500004

				0.749		1.363

				0.875		1.558

				1.021		1.77

				1.04		1.787

				1.004		1.725

				0.6299992		1.191999

				0.4210014		0.9290009

				0.7689999		1.403

				0.791		1.433

				0.895		1.588

				1.046		1.808

				1.045		1.789

				1.004		1.725

				0.7300005		1.346001

				0.5489998		1.097

				0.8		1.446

				0.91		1.607

				1.072		1.845

				1.053		1.793

				1.004		1.725

				0.8289995		1.507

				0.7080002		1.333

				0.826		1.49

				0.945		1.663

				1.092		1.87

				1.075		1.821

				1.004		1.725

				0.8749995		1.578

				0.8260002		1.513

				0.854		1.558

				0.839		1.508

				0.971		1.703

				1.108		1.885

				1.083		1.833

				1.004		1.725

				0.8990002		1.604

				0.9020004		1.625

				0.8410001		1.531

				0.864		1.547

				0.99		1.724

				1.141		1.932

				1.093		1.847

				1.004		1.725

				0.8990002		1.587

				0.9530001		1.695

				0.8579999		1.553

				0.9		1.602

				1.058		1.838

				1.165		1.967

				1.11		1.873

				1.004		1.725

				0.9039998		1.592

				0.9779999		1.723

				0.8360001		1.501

				0.903		1.597

				1.094		1.891

				1.241		2.071

				1.134		1.912

				1.004		1.725

				0.902		1.603

				1.047		1.84

				0.956		1.683

				1.132		1.944

				1.273		2.122

				1.142		1.923

				1.004		1.725

				0.881		1.582

				1.081		1.897

				0.98		1.717

				1.152		1.97

				1.297		2.15

				1.149		1.929

				1.004		1.725

				0.8110003		1.469

				1.1		1.926

				1.032		1.8

				1.215		2.072

				1.317		2.175

				1.159		1.94

				1.004		1.725

				0.7550001		1.372

				1.115		1.939

				0.881		1.533

				1.06		1.837

				1.26		2.139

				1.342		2.217

				1.164		1.947

				1.004		1.725

				0.7019997		1.279

				1.118		1.926

				0.903		1.563

				1.046		1.808

				1.291		2.185

				1.328		2.211

				1.17		1.954

				1.004		1.725

				0.6709995		1.23

				1.136		1.953

				1.09		1.887

				1.325		2.222

				1.34		2.228

				1.176		1.962

				1.004		1.725

				0.6050005		1.127001

				1.123		1.931

				1.088		1.881

				1.375		2.3

				1.34		2.235

				1.183		1.97

				1.004		1.725

				0.5620003		1.067

				1.09		1.875

				1.094		1.894

				1.409		2.335

				1.346		2.245

				1.191		1.98

				1.004		1.725

				0.5		0.9729996

				1.106		1.901

				0.888		1.543

				1.108		1.915

				1.415		2.348

				1.346		2.249

				1.205		2.003

				1.004		1.725

				0.4029999		0.8179998

				1.066		1.832

				0.918		1.602

				1.093		1.892

				1.411		2.35

				1.35		2.257

				1.251		2.072

				1.004		1.725

				0.349		0.7369995

				1.051		1.802

				0.913		1.598

				1.093		1.888

				1.416		2.36

				1.37		2.293

				1.252		2.073

				1.004		1.725

				0.3179989		0.7049999

				0.9659998		1.666

				0.9170001		1.603

				1.093		1.889

				1.421		2.369

				1.363		2.279

				1.263		2.086

				1.004		1.725

				0.4519997		1.01

				0.3309994		0.7479992

				0.8499999		1.488

				0.9300001		1.631

				1.106		1.912

				1.424		2.375

				1.359		2.276

				1.267		2.092

				1.004		1.725

				0.4759998		1.034

				0.3660011		0.8320007

				0.7610002		1.354

				0.9439999		1.661

				1.115		1.927

				1.454		2.416

				1.363		2.284

				1.275		2.102

				1.004		1.725

				0.4750004		1.030001

				0.387001		0.8850002

				0.7399998		1.333

				0.9809999		1.729

				1.135		1.96

				1.458		2.422

				1.367		2.293

				1.286		2.121

				1.004		1.725

				0.4599991		1.007

				0.4029999		0.927

				0.7280002		1.325

				1.096		1.898

				1.015		1.791

				1.143		1.977

				1.433		2.384

				1.365		2.296

				1.287		2.123

				1.004		1.725

				0.4449997		0.9850006

				0.4130001		0.9499989

				0.7289996		1.341

				1.281		2.227

				1.123		1.94

				1.007		1.774

				1.134		1.965

				1.433		2.385

				1.369		2.304

				1.289		2.127

				1.004		1.725

				0.4370003		0.9710007

				0.4119987		0.9499989

				0.7360001		1.376

				1.287		2.219

				1.19		2.045

				1.034		1.819

				1.129		1.96

				1.435		2.389

				1.369		2.293

				1.281		2.122

				1.004		1.725

				0.5060005		1.063999

				0.3849983		0.8989983

				0.434		0.9660015

				0.4209995		0.9630013

				0.7199993		1.367

				1.317		2.238

				1.244		2.12

				1.055		1.853

				1.118		1.944

				1.42		2.375

				1.373		2.3

				1.282		2.123

				1.004		1.725

				0.5769997		1.173

				0.5330009		1.087

				0.4230003		0.9389992

				0.4260006		0.9540005

				0.4110012		0.9540005

				0.6940002		1.333

				1.313		2.21

				1.297		2.193

				1.062		1.858

				1.088		1.895

				1.41		2.367

				1.349		2.28

				1.282		2.123

				1.004		1.725

				0.4939995		1.048

				0.6499996		1.257999

				0.5580006		1.134001

				0.6509991		1.257

				0.4300003		0.9589996

				0.4109993		0.9169998

				0.3959999		0.9350014

				0.6630001		1.287

				1.234		2.07

				1.325		2.235

				1.089		1.901

				1.078		1.881

				1.358		2.283

				1.352		2.285

				1.268		2.105

				1.004		1.725

				0.5359993		1.110001

				0.6480007		1.271999

				0.5919991		1.172001

				0.6290016		1.237001

				0.4790001		1.02

				0.3650017		0.8320007

				0.3759995		0.907999

				0.6440001		1.257

				1.155		1.947

				1.327		2.236

				1.103		1.919

				1.084		1.892

				1.353		2.278

				1.356		2.292

				1.267		2.104

				1.004		1.725

				0.5319996		1.097

				0.6329994		1.233999

				0.5720005		1.140001

				0.5630016		1.142

				0.5200005		1.083

				0.4720001		1.004002

				0.2800026		0.7190018

				0.3570023		0.8840027

				0.6220007		1.218

				1.08		1.835

				1.316		2.216

				1.14		1.978

				1.089		1.9

				1.351		2.273

				1.362		2.3

				1.267		2.105

				1.004		1.725

				0.539999		1.091

				0.5450001		1.109999

				0.5149994		1.062

				0.5179996		1.07

				0.512001		1.065001

				0.4419994		0.9669991

				0.2849998		0.7669983

				0.355999		0.8789978

				0.6229992		1.209

				1.008		1.721

				1.263		2.138

				1.203		2.074

				1.109		1.929

				1.364		2.291

				1.364		2.303

				1.267		2.104

				1.004		1.725

				0.5009995		1.040998

				0.4790001		1.02

				0.441		0.9710007

				0.4560013		0.9890003

				0.5020008		1.044001

				0.4279995		0.9519997

				0.2980003		0.8010025

				0.3810005		0.9039993

				0.959		1.639

				1.221		2.074

				1.24		2.121

				1.133		1.965

				1.371		2.299

				1.392		2.334

				1.266		2.103

				1.004		1.725

				0.4780006		1.009001

				0.4249992		0.9509983

				0.362999		0.8839989

				0.3810005		0.9029999

				0.4769993		1.011999

				0.4159985		0.9389992

				0.3230019		0.8300018

				0.4300003		0.9549999

				0.8970001		1.531

				1.154		1.968

				1.284		2.172

				1.155		1.994

				1.394		2.329

				1.393		2.335

				1.269		2.104

				1.004		1.725

				0.4589996		0.9849987

				0.3759995		0.8919983

				0.2859993		0.8040009

				0.3079987		0.8239975

				0.448		0.9780006

				0.4200001		0.9440002

				0.368		0.8810005

				0.5139999		1.056

				0.848		1.453

				1.106		1.889

				1.314		2.198

				1.179		2.022

				1.399		2.334

				1.415		2.376

				1.269		2.103

				1.004		1.725

				0.4390011		0.9619999

				0.3349991		0.8470001

				0.2290001		0.7449989

				0.2469978		0.7599983

				0.4230003		0.9499989

				0.4300003		0.9570007

				0.4140015		0.9280014

				0.5929985		1.163

				0.776		1.337

				1.056		1.809

				1.372		2.267

				1.212		2.068

				1.415		2.36

				1.416		2.378

				1.267		2.1

				1.004		1.725

				0.4300003		0.9560013

				0.2999992		0.8080025

				0.2010002		0.7150002

				0.2080002		0.7180023

				0.4090004		0.9329987

				0.4379997		0.9589996

				0.4650002		0.9829998

				0.684		1.306

				0.722		1.26

				0.972		1.672

				1.36		2.245

				1.275		2.164

				1.426		2.375

				1.417		2.378

				1.255		2.081

				1.004		1.725

				0.4139996		0.9379997

				0.2799988		0.7869987

				0.1999969		0.7109985

				0.2019997		0.7109985

				0.401001		0.9230003

				0.4470005		0.9680004

				0.4630013		0.9790001

				0.7080002		1.349001

				0.674		1.196

				0.9119999		1.579

				1.371		2.256

				1.293		2.188

				1.438		2.393

				1.414		2.374

				1.233		2.06

				1.004		1.725

				0.4050007		0.9290009

				0.2770004		0.7849998

				0.2339973		0.7389984

				0.218998		0.723999

				0.394001		0.9119987

				0.4320011		0.9520016

				0.4039993		0.9099998

				0.6400013		1.242001

				0.8550001		1.495

				1.31		2.159

				1.307		2.208

				1.435		2.387

				1.41		2.365

				1.229		2.053

				1.004		1.725

				0.3910007		0.9120007

				0.2900009		0.7999992

				0.2890015		0.7890015

				0.2610016		0.7599983

				0.3770027		0.8900032

				0.3920021		0.9080009

				0.3530006		0.8619995

				0.5159988		1.056999

				0.8230001		1.448

				1.19		2.006

				1.304		2.205

				1.476		2.451

				1.387		2.334

				1.215		2.035

				1.004		1.725

				0.3869991		0.9099998

				0.3089981		0.822998

				0.3419991		0.8359985

				0.302002		0.8010025

				0.3579979		0.8649979

				0.3360023		0.8400002

				0.2689972		0.7629967

				0.4570007		0.9820004

				0.775		1.37

				1.11		1.898

				1.27		2.159

				1.469		2.438

				1.355		2.289

				1.203		2.019

				1.004		1.725

				0.4500008		0.9620018

				0.3889999		0.9130001

				0.3400002		0.8590012

				0.3959999		0.875

				0.3429985		0.8479996

				0.3300018		0.8330002

				0.2670021		0.7580032

				0.2109985		0.697998

				0.4440002		0.9700012

				0.9430008		1.676001

				0.806		1.427

				1.056		1.829

				1.255		2.142

				1.441		2.395

				1.323		2.24

				1.192		2.004

				1.004		1.725

				0.4640007		0.9729996

				0.3920002		0.9160004

				0.3670006		0.8920002

				0.5739994		1.125999

				0.3859978		0.9020004

				0.2970009		0.7980003

				0.1819992		0.6449966

				0.2040024		0.6900024

				0.4790001		1.007

				0.9920006		1.753

				0.863		1.467

				0.821		1.447

				0.971		1.701

				1.206		2.073

				1.413		2.356

				1.285		2.189

				1.179		1.982

				1.004		1.725

				0.4639988		0.9599991

				0.3999996		0.927

				0.3839989		0.9130001

				0.7619991		1.393

				0.4150009		0.9390011

				0.2730026		0.776001

				0.1429977		0.6009979

				0.2370033		0.7260017

				0.5860004		1.155001

				1.025		1.797

				1.015		1.694

				0.8510001		1.495

				0.934		1.651

				1.118		1.935

				1.345		2.261

				1.251		2.138

				1.164		1.959

				1.004		1.725

				0.4689999		0.9650002

				0.4009991		0.927

				0.4309998		0.9720001

				0.4470005		0.9799995

				0.2679977		0.7729988

				0.1620026		0.6350021

				0.295002		0.788002

				0.8000002		1.457001

				1.049		1.839

				1.177		1.934

				0.888		1.55

				0.903		1.608

				1.053		1.833

				1.277		2.168

				1.219		2.088

				1.155		1.945

				1.004		1.725

				0.4720001		1.013

				0.2830009		0.7900009

				0.2000008		0.6730003

				0.3400002		0.8150005

				0.9949999		1.733

				1.033		1.812

				1.29		2.099

				0.933		1.617

				0.91		1.628

				1.003		1.754

				1.209		2.071

				1.184		2.038

				1.139		1.925

				1.004		1.725

				0.4990005		1.043999

				0.3230019		0.8330002

				0.2490005		0.7190018

				0.4279995		0.9200001

				1.033		1.823

				1.013		1.781

				1.489		2.403

				0.9950001		1.724

				0.898		1.609

				0.971		1.702

				1.157		1.997

				1.15		1.987

				1.131		1.912

				1.004		1.725

				0.5579987		1.120998

				0.3810005		0.8929996

				0.2889996		0.7259998

				0.5939999		1.151999

				1.091		1.914

				1.017		1.773

				1.064		1.818

				1.682		2.79

				1.496		2.414

				1.036		1.789

				0.9079999		1.625

				0.913		1.6

				1.082		1.874

				1.112		1.921

				1.119		1.896

				1.004		1.725

				0.625		1.223

				0.4400005		0.9400005

				0.3670006		0.7989998

				0.8070002		1.454

				1.142		1.977

				1.059		1.813

				1.183		1.974

				1.778999		2.952

				1.622		2.619

				1.079		1.85

				0.9349999		1.665

				0.9069999		1.591

				1.018		1.773

				1.08		1.871

				1.113		1.887

				1.004		1.725

				0.8199997		1.518

				0.5869999		1.145

				0.5699997		1.08

				0.994		1.730999

				1.2		2.05

				1.184		1.977

				1.342		2.208

				1.921		3.176001

				1.659		2.68

				1.149		1.96

				0.9820001		1.738

				0.898		1.578

				0.987		1.727

				1.055		1.831

				1.103		1.874

				1.004		1.725

				0.7630005		1.403001

				0.8120003		1.474999

				0.8280001		1.465

				1.177		2.001

				1.274		2.143

				1.238		2.059

				1.428		2.344

				1.645		2.667

				1.194		2.023

				1.002		1.757

				0.878		1.538

				0.971		1.705

				1.027		1.783

				1.082		1.837

				1.004		1.725

				0.9530005		1.694

				1		1.728

				1.262		2.132

				1.253		2.102

				1.239		2.058

				1.378		2.26

				1.666		2.695

				1.263		2.125

				1.054		1.83

				0.877		1.535

				0.942		1.656

				1.005		1.747

				1.073		1.822

				1.004		1.725

				1.037		1.824

				1.097		1.886

				1.241		2.086

				1.195		2.005

				1.237		2.053

				1.332		2.187

				1.648999		2.677999

				1.278		2.132

				1.089		1.869

				0.895		1.567

				0.919		1.618

				1.001		1.741

				1.065		1.81

				1.004		1.725

				1.085		1.899

				1.106		1.894

				1.161		1.95

				1.173		1.968

				1.249		2.064

				1.605		2.617001

				1.318		2.185

				1.132		1.925

				0.891		1.558

				0.934		1.642

				0.976		1.696

				1.07		1.821

				1.004		1.725

				1.075		1.878

				1.139		1.933

				1.113		1.875

				1.23		2.058

				1.298		2.17

				1.526999		2.495999

				1.319		2.174

				1.145		1.923

				0.906		1.577

				0.9679999		1.698

				0.982		1.705

				1.064		1.813

				1.004		1.725

				1.065		1.855

				1.16		1.966

				1.131		1.905

				1.291		2.167

				1.402		2.297

				1.282		2.106

				1.166		1.95

				0.9690001		1.681

				0.987		1.725

				0.978		1.698

				1.064		1.815

				1.004		1.725

				1.058		1.824

				1.229		2.076

				1.167		1.963

				1.293		2.19

				1.224		2.006

				1.165		1.942

				1.003		1.731
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[image: image1.png]Global IST at 00Z July 1, 1993
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