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Abstract

Ice charts from the U.S. National Ice Center are used to evaluate published algorithms for generating sea-ice concentrations from SSM/I data. The same ice charts, in a form that includes information derived only from RADARSAT, OLS and AVHRR data, are used in an operational algorithm that effectively tunes a hybrid of the Bootstrap and NASA Team algorithms and principal components of the SSM/I data to the time and region associated with the ice chart. This “tuned” algorithm is then used to interpolate ice concentrations elsewhere in the ice chart where no cloud-free, high-resolution visible, infra-red or active microwave satellite data are available. The algorithm is designed to operate in near real time to assist the ice analysts in their otherwise manually-intensive task of compiling ice charts for vessels operating in ice-infested waters.  

Key words

Sea-ice, ice charts, SSM/I, passive microwave, data fusion, algorithm

I. INTRODUCTION

Passive microwave data are unique in providing routine hemispheric-scale pictures of sea-ice conditions to the scientific and operational communities, and two decades of observations have now been accumulated by the Defense Meteorological Satellite Program (DMSP) Special Sensor Microwave / Imager (SSM/I) and its predecessor, the Scanning Multi-channel Microwave Radiometer. This is a sufficiently long time series to support studies related to climate-related events, such as El-Nino Southern Oscillation [1] and to extract information on systematic changes in ice conditions that may be related to climate change [2].

As well as being of scientific value, SSM/I data are also extremely important to the operational community, which has the task of supporting surface and sub-surface ocean-going vessels with timely and regular information on ice conditions [3]. Ice analysts use SSM/I data to prepare ice charts for regular dissemination to the operational community, both in the USA at the National Ice Center (NIC) and elsewhere around the world in areas where sea-ice presents a hazard. SSM/I is important to the operational community because it provides wide and complete (cloud-free) coverage on a daily basis: this is something that no other data can match at present. 

Although SSM/I data are important to the operational community, they do have limitations. SSM/I-derived sea-ice products have coarse resolution (a pixel size of approximately 25 km in the 19 to 37 GHz frequency range) and so the data tend to be used after all higher resolution data sources have been exhausted. Other limitations are related to the algorithms used for converting the SSM/I brightness temperatures into ice concentrations. In contrast to active microwave, visible and infra-red satellite data, which are interpreted manually at the NIC, passive microwave data are converted to a geophysical product prior to use by the ice analysts. In general, these SSM/I algorithms do not make use of ancillary information so they are limited by the ambiguities inherent to passive microwave data. These ambiguities include confusion between weather artifacts and the presence of open water in areas of sea-ice, and confusion between melting sea-ice (for example indicated by surface melt-ponds) and areas of lower ice concentration [4]. The result of these algorithm limitations is that SSM/I data are less useful to the operational and scientific community than would be expected from the excellent coverage and the apparent transparency of clouds. In fact, with the exception of the location of the sea-ice edge, SSM/I data are used in a qualitative rather than quantitative manner in compiling ice charts.

The purpose of this paper is to show how operational ice charts provided by the U.S. National Ice Center can be used to both evaluate sea-ice concentration algorithms and can form part of an operational data fusion algorithm. Operational ice charts provide the least ambiguous form of wide coverage reference information on ice conditions, as they are based on an expert manual synthesis of observations from a wide variety of sources. These include satellite observations, knowledge of sea-ice and ocean climatology, considerations of continuity, weather predictions, model forecasts, ice charts from other ice centers and, when available, airborne and ship observations. Although ice charts are subject to error, they are compiled by experts familiar with the data sources and their ambiguities. 

II. U.S. National Ice Center Ice Charts
The U.S. National Ice Center provides weekly ice charts for all ice-covered seas and achieves this by maintaining a group of highly qualified ice analysts, each with responsibility for generating ice charts in one or more regions. The analysts are supported by a senior analyst that quality controls the final product. The ice analysts undergo formal training and follow a set procedure for generating ice charts, which ensures that high quality input data takes precedence over lower quality input data. This ice analysis procedure is illustrated in Figure 1. The analyst starts by compiling background information, including the ice chart from the previous week, digital climatology data, weather predictions and output from the coupled ice-ocean forecast model, PIPS [5]. These data are used to provide the analyst with the best possible understanding of regional conditions from which to interpret the data (step 0, Figure 1). The analyst then starts with the highest available resolution of data. On occasion, this may include some air-borne or ship-borne observations, but in general these will not be available, in which case the analyst starts with RADARSAT data. The analyst will map the region covered by RADARSAT data into regions of approximately “uniform” total and partial ice concentrations. Once there is no more available RADARSAT data, the analyst will use the next highest resolution data source, normally Operational Line-scan System (OLS) data from the DMSP satellite program, which will be either visible or infra-red data depending on the time of year and hemisphere. Having provided additional ice analysis based on OLS data, the analyst will then move to NOAA AVHRR data (step 3, Figure 1). In the existing ice analysis procedure, two further steps remain. In the first step, DMSP SSM/I data are analyzed, having been translated into ice concentrations using the NASA Team or CAL/VAL algorithm, provided by the NOAA Center for Environmental Prediction (R. Grumbine, personal communication) and Fleet Numerical Modeling and Oceanography Center (J. Haferman, personal communication). These data are used to fill in remaining areas of the new ice chart. As a final step, the ice chart is quality checked by a senior analyst (step 5, Figure 1). An example of an ice chart, for the Sea of Okhotsk, is shown in Figure 2 for 7 December 1998.

III. Limitations of Conventional SSM/I ice concentration algorithms

It was shown in Figure 1 that SSM/I is the final data source used to compile ice charts, primarily because it has the lowest spatial resolution of satellite data, but also because it has some significant biases. On the other hand, SSM/I data are always available and so it remains an invaluable source of data, especially in the southern hemisphere where satellite SAR data are currently unavailable on a routine, operational basis. 

SSM/I algorithms have been based largely on radiative transfer models for the surface and atmosphere, together with a mixing model that assumes that the footprint of the sensor contains only open water and sea-ice. These models include:

· the NASA Team algorithm and modification for thin ice ([6], [7]);

· the Bootstrap algorithm [8];

· the CAL/VAL (modified version of AES-York) algorithm [9];

· the Bristol Hybrid algorithm [10]. 

Other algorithms have also been developed. The differences lie in the choice of frequency and polarization combinations and in the precise technique used to estimate concentration from the distribution of points in the relevant feature space. 

The techniques listed here all made use of one or both of the 19 and 37 GHz channels on SSM/I (with the 22 GHz channel sometimes used for data quality checking), but they generate significant differences in predictions of ice concentration. Steffen et al. [4] evaluated seven algorithms and concluded that total ice concentration can be estimated, at best, with an accuracy of 5-10% during non-melt conditions and 10-20% at other times. More recently, Comiso et al. [11] found that both the Bootstrap and NASA Team algorithms persistently under-estimated ice concentrations when compared to AVHRR, LANDSAT and SAR data. A comparison of just two algorithms is shown in Figure 3 for a random day in the Arctic during December, 1998. Table 1 shows statistics that summarize differences between these two algorithms in various regions across the Arctic and Antarctic.

Region (9 December 1998)
Season
Mean concentration difference  (%)
R.m.s.

concentration difference (%)
Mean 0% ice concentration edge position difference (km)

Central Arctic
Winter
2.6
3.34
-71.0

East Greenland
Winter
8.8
5.4
-23.0

Baffin Bay
Winter
13.5
6.2
-23.0

Sea of Okhotsk
Winter
29.0
8.9
-44.0

Ross – Bellinghausen Seas
Summer
14.5
5.3
-24.0

Weddell Sea
Summer
15.3
6.2
-21.0

Table 1. Statistics related to differences in ice concentrations estimated using the NASA Team and CAL/VAL algorithms for 9 December, 1998. A positive sign indicates that the CAL/VAL algorithm shows more ice than the NASA Team algorithm.

It can be seen that differences in estimated ice concentration are substantial and vary systematically from region to region. An analysis of the different sources of error is required to understand why these differences are regionally so large and vary systematically.

A. Tie-point variations

Tie-point related errors result from natural variations in brightness temperatures associated individual type of surface. SSM/I algorithms make use of reference brightness temperatures associated with two ice types (first-year ice and multi-year ice in the northern hemisphere) and open water; these values are known as tie-points. However, all natural surfaces have variability in their emissivity and physical temperature characteristics. The open water brightness temperature, for example, will vary according to wind speed, foam and atmospheric effects. In the NASA Team algorithm, for example, the tie-point that is biased towards calm water conditions. Ice concentrations in areas of rough water will therefore be over-estimated and locally-calculated tie-points tend to be larger in terms of brightness temperature than the global value used by Cavalieri et al. [12]. The rationale for this is that the scheme maintains a relatively high dynamic range. Furthermore, Steffen and Schweiger [13] found that, in the northern hemisphere, the locally-determined first-year ice tie-points tended to be lower than the global value, which provides one explanation as to why ice concentrations in heavy pack are generally under-estimated with the NASA team algorithm.

Estimation of multi-year ice concentration represents a particular problem with SSM/I. This is reflected in the widely-varying evaluations of multi-year ice concentration derived from SSM/I. Cavalieri et al. [12] evaluated the NASA Team algorithm using aircraft under-flights in the Bering, Beaufort and Chukchi seas and found that multi-year ice concentration was over-estimated typically by 5% +/- 4%, although in areas of high multi-year ice concentration, the bias was usually reversed. This they attributed to mis-classification of older first year ice, which they suggest starts to take on the scattering characteristics of multi-year ice later in the season (partly through the properties of the overlying snow). Results from other studies are not consistent with these results, however, suggesting that multi-year ice concentrations during the freeze-up are significantly lower than end-of-summer total ice concentrations ([14], [15]). The two estimates differ by approximately 10-20%, which is approximately the amount of new first-year ice at the September minimum [16]. Investigations at the NIC have shown that the NASA Team estimates can both be gross under-estimates and over-estimates of multi-year ice concentration. NIC have found isolated areas where multi-year ice would apparently appear and then disappear (e.g. in the south Kara Sea and in the Sea of Okhotsk). NIC also compared the manually-derived 80% multi-year ice concentration line derived from a RADARSAT mosaic for the Beaufort-Chukchi sector of the Arctic during early November 1996 and found that it corresponded to the 40 to 50% multi-year ice concentration contour from the NASA Team algorithm. Comiso [14] attributes some under-estimation of multi-year ice concentration to flooding of multi-year floes by sea-water. 

Steffen and Schweiger [13] and others have found that the use of local tie-points can (in some circumstances) halve the r.m.s. difference in ice concentrations derived from SSM/I and visible / infra-red sensors (AVHRR and Landsat) and the use of local tie-points is particularly important in the Arctic. However, the use of local tie-points will only partially remove the error.

B. Geophysical cross-talk errors

These errors are related to the use of data sets that are correlated to more than one geophysical parameter. In the case of sea ice concentration estimation, for example, the error could result in estimated sea-ice concentration being correlated to surface temperature. The use of radiance ratios in the NASA team algorithm enables variations in surface temperature to be removed, to first order, from having an effect on ice concentration.

C. Surface melt - related errors

These errors cause most SSM/I algorithms to under-estimate ice concentration. Errors in ice concentration tend to double to 10-20% for algorithms during summer and the errors are systematic [4]. In a sense, this is not an “error”, as it reflects the fact that SSM/I classifies surface water as “open water”. Russian drift stations show that, in mid July, as much as 45% of the ice may be covered by melt ponds [17], and this will be reflected in lower estimates of ice concentration from passive microwave data. As the sensor cannot penetrate beneath melt ponds, this problem cannot be solved in any simple manner. The problem will affect measurements as long as there is liquid water in significant quantities, such as in overlying snow cover.

D. Thin ice – related errors

Errors related to the presence of new and young ice types are not explicitly accounted for in the existing operational SSM/I ice concentration algorithms. In freeze-up conditions, there will always be a tendency for ice concentration to be under-estimated as a result of this effect. Figure 4 shows sea ice concentrations predicted for the Sea of Okhotsk on the 8 December, 1998, where a high concentration of new and young ice types (indicated by the ice chart in Figure 2) creates major discrepancies in the predictions of ice concentrations from the different algorithms. A tendency of the NASA Team algorithm to significantly under-estimate ice concentration in the Sea of Okhotsk has been noted by [18]. The differing sensitivities of the algorithms to thin ice types is confirmed in Figure 5, which shows apparent ice concentration as estimated using the four algorithms listed above with brightness temperatures obtained from controlled observations from known ice types. It can be seen that the algorithms have varied responses to the presence of thin ice, pancakes and frost flowers.

The explanation for this problem is that the emissivity of new ice can range from that of open water to first year ice (0.45 to 0.92). Steffen and Schweiger [13] found that the presence of nilas and young ice could create an under-estimate of ice concentrations from SSM/I of 9% (with global tie-points) and 4% (with local tie-points), using the NASA Team algorithm. The results shown here indicate that the errors can be much larger in areas where thin ice types predominate. A thin ice formulation of the NASA team algorithm helps to correct for these ice types ([7] and Figure 4), but the algorithm cannot deal simultaneously with multi-year ice, first-year ice and thin ice.

E. Snow-cover related errors

The effects of varying snow cover on ice concentration estimates do not appear to have been studied in detail. Nevertheless, Figure 5 does suggest that snow cover could have a marginal impact of a few percentage points on ice concentration estimates, depending on the algorithm used.

F. Atmospheric transmission errors 

These errors are caused by the susceptibility of passive microwave sensors to cloud liquid water and water vapor, integrated along the path length of the radiation. These errors are currently impossible to predict reliably and so SSM/I algorithms make use of weather filters to reject ice concentrations over open ocean. Ice concentrations can be affected by both integrated atmospheric liquid water and water vapor content. Oelke [19] has used radiative transfer modeling to assess the impact of weather systems on ice concentrations derived using the NASA Team algorithm. He found that cloud liquid water content and water vapor both artificially increase total ice concentrations, but decrease multi-year ice concentration. Near surface winds tend to increase ocean emissivity and thus add to spurious ice concentrations over the open ocean. Sensitivity to the atmosphere has been the main reason why the 85 GHz channel has not been as popular for retrieving ice information as its high spatial resolution would suggest ([20], [21]). Researchers are currently working on methods to account explicitly for the atmosphere in SSM/I algorithms [22]. 

G.. Geocoding and resolution-related errors

These errors represent uncertainty in the location of data. The CAL/VAL algorithm, for example, uses the 37GHz channel alone to estimate ice concentrations at the ice edge and this results in an ice edge that is generally at least 20 km pole-ward of the ice edge generated by the NASA Team algorithm (which uses the 19 GHz channel). This is a season and hemisphere independent result that reflects the different resolutions associated with the 19 and 37 GHz channels, which have an effective field of view (along-track, across-track) that is (69, 43 km) at 19 GHz and (37, 28-29 km) at 37 GHz (Table 1). 

In summary, there are significant deficiencies in the conventional SSM/I algorithms that make the search for climate signals and operational use problematic. The results presented here suggest that the errors are larger for some algorithms than has been suggested by other studies, at least on a regional basis. A mean difference of 29% in ice concentration for the Sea of Okhotsk from two algorithms, with maximum differences in excess of 50% is extremely large. In order to improve the estimation of ice concentrations from SSM/I, a different approach is needed than that provided by conventional SSM/I algorithms.

IV. A Data Fusion Algorithm for deriving ice concentrations from SSM/I

The issues discussed above limit the utility of conventional algorithms for operational ice monitoring and for scientific applications and it has become increasingly clear that substantial improvements in the quality of information derived from SSM/I can only be achieved by bringing in ancillary information. The conclusion from Steffen et al. [4] was that data assimilation / fusion and artificial intelligence methods (possibly making use of decision-making to operate a hybrid algorithm) offer the greatest promise for resolving ambiguities in the passive microwave algorithms.

Some researchers have already begun to explore the possibility of retrieving ice information from SSM/I in combination with other data or models, as a way to reduce the ambiguities of weather effects, etc. These include the combination of AVHRR and SSM/I to classify sea-ice, open water, land and cloud [23]; the constraint of SSM/I ice concentrations using SAR data [24] and the use of a physical model to constrain ice concentration estimates from SSM/I over time [15]. A data assimilation approach to the problem has particular potential, and in the long term appears to be the most promising way forward. In the shorter term, using other forms of data to constrain the SSM/I algorithm in a form of data fusion is easier to implement. However, if the data that are used to constrain the SSM/I are themselves ambiguous, as in the case of AVHRR (through cloud-ice ambiguities) and SAR (through water-ice ambiguities), it can be difficult to design an algorithm that is operationally practical.

The algorithm proposed here, provisionally called the SSM/I Interpolation (SI) algorithm, attempts to compensate for limitations in the conventional algorithms, and biases inherent in the sensor, by tuning the algorithm to ice concentration information available in NIC ice charts. The aim is that this would be a near real time procedure in which the ice analyst makes use of a tuned SSM/I ice concentration algorithm routinely during compilation of ice charts. The proposed context of the new algorithm is illustrated in Figure 7, which should be compared with Figure 1. The SI algorithm would replace the stage in the analysis procedure where a conventional SSM/I algorithm is employed. The analyst would generate an ice chart with closed regions at step 3 in the analysis procedure and all areas that had not been assigned ice concentrations at that point would be given a “no data” label. This is the so-called “partial” ice chart, which is based solely on reconnaissance, RADARSAT and cloud-free AVHRR and OLS data. The analyst would then run the SI algorithm on the partial ice chart and it would optimally match calculated SSM/I attributes to the ice concentrations in the partial ice chart using the procedure illustrated in Figure 8. The calculated model coefficients would then be used to “interpolate” ice concentrations for the “no data” regions remaining in the partial ice chart. The analyst would then use these interpolated ice concentrations from SSM/I to complete the ice chart. 

This approach has the following advantages:

· The algorithm is tuned as frequently as ice charts are generated (weekly in most regions and twice weekly in some);

· The algorithm is tuned to the region being analyzed, effectively taking into account regional anomolies in salinity, snow conditions, etc.

· The tuning parameters can be used to help define a regional and temporal database for future and retrospective processing of passive microwave data.

The SI algorithm is a statistical least squares procedure that takes attributes derived from the SSM/I brightness temperatures and generates linear mapping coefficients that allow the SSM/I attributes to be mapped to total ice concentration, with the latter extracted from the ice charts. A critical element of the algorithm is the choice of attributes, as inappropriate attributes will make the mapping function inefficient. The attributes selected for implementation include the partial ice types calculated by the NASA Team and Bootstrap algorithms and selected principal components of the SSM/I data. The rationale for including these attributes is as follows:

· The NASA Team and Bootstrap algorithms provide independent estimates of two partial ice type concentrations. In the northern hemisphere these correspond to first-year and multi-year ice. The partial ice types from both algorithms, added together as components of a linear function, are expected to be efficient   measures of ice types of young age and older (Figure 5). However, note that within the SI algorithm no assumption is made about what particular ice types these partial concentrations refer to. The fact that these partial concentrations are multiplied by linear coefficients should enable the SI algorithm to compensate for under-estimation of ice concentration in the summer melt period. The NASA Team and Bootstrap partial concentrations were selected because other algorithms are less well evaluated or do not provide as much information. The CAL/VAL algorithm, for example, generates ice concentration predictions that saturate at 100% over most of its ice extent, so was felt likely to be inefficient as an attribute for the SI algorithm. However, additional or different algorithm predictions could be added to the SI algorithm if required.

· The lower variance principal components of the SSM/I data tend to be related to the presence of thin ice. This has been demonstrated by Wensnehan et al. [25] and Grenfell et al. [26], following earlier principal components analysis [27]. Hence, these attributes are included to counter the known tendency of the NASA Team and Bootstrap algorithms to under-estimate ice concentrations in areas of thin ice. Figure 6 shows that the 3rd, 4th and 5th principal components of data from 9 December 1998 are all strongly related to the presence of new ice. The 3rd, 4th and 5th principal components of the data (in order of decreasing variance) are included as a way of picking out conditions that the NASA Team and Bootstrap algorithms fail to detect, including the presence of thin ice and snow depth effects. The 1st and 2nd principal components are not included as they express the magnitude and spectral gradient of the data, respectively, and are not expected to add to the overall level of explanation provided by the algorithm. The SI algorithm will ensure that if these low variance principal components do not add to the overall ability of the algorithm to predict ice concentration, then they will not be used (the coefficients will be very small). 

Although these so-called “partial” ice charts are not routinely retained at the National Ice Center, for the purposes of this study, partial ice charts were collected for the Barents Sea for the period 2nd November 1998 to 14th December 1998. In order to make use of the NIC partial ice charts, the ice chart data had to be converted, in most cases, from a range of concentrations to a single concentration value. Ice analysts may enter a range of ice concentrations for each region of the ice chart as they are not always able to determine ice concentrations to the nearest tenth. The conversions were carried out as follows:

Ice concentration range (tenths)
Assigned value
Estimated error

0 to 1
5%
5%

0 to 2
10%
10%

2 to 4
30%
10%

4 to 6
50%
10%

6 to 8
70%
10%

8 to 10
90%
10%

9 to 10
95%
5%

Table 2. Conversions for ranges of ice concentrations provided in ice charts to discrete ice concentration values.

In addition, the data were converted to a raster format and polar stereographic projection consistent with the SSM/I antenna temperature data provided by the NOAA Center for Environmental Prediction (R. Grumbine, personal communication). In the partial ice charts, ice concentrations were indicated by a number between 0 and 100 (indicating ice concentration as a percentage of complete ice-cover), and areas of no data were indicated by a value of –99. Implicit in this mapping procedure is the need to reduce the resolution of the ice chart data. This is achieved by a local averaging of the concentrations provided in the ice charts.

Figure 9 shows the results of applying the SI and conventional algorithms to the Barents Seas, together with the partial ice chart used to tune the SI algorithm. The subtle differences between the algorithms are difficult to see and so statistics have been derived for the SI algorithm and the conventional algorithms, by comparing the algorithms to the partial ice charts. These statistics are illustrated in figures 10 and 11. Figure 10 shows the mean difference between the partial ice chart and each algorithm as a function of date. This shows that the SI algorithm is successful in significantly removing much of the overall bias that is prevalent in the conventional algorithms. The mean bias reduces from a range of –15 to +5% for the conventional algorithms to a range between –5 and 0% for the SI algorithm. Figure 11 shows the mean absolute difference between the ice chart and each algorithm as a function of date. It can be seen in this case that the SI algorithm reduces the mean absolute difference from around the typical 10-15% of the conventional algorithms to between 5-10%. The variance due to the partial concentrations of the principal components (as opposed to the NASA Team and Bootstrap partial concentrations) varies from a minimum of 7.64% to a maximum of 48.5% and is not particularly consistent from week to week. 

These results indicate that the SI algorithm is successful at tuning an SSM/I algorithm to ice chart data. Furthermore, the technique does not exhibit any obvious “unstable” behavior within the “no data” region of the partial ice chart (in other words, outside the area that was used to calculate the model coefficients). However, there are certain limitations to the technique and its evaluation reported here that need to be made explicit:

1. There has been no independent verification of the performance of the technique. It has been shown that the technique is successful at closing the gap between ice chart–derived ice information and SSM/I-derived ice information.  The SI algorithm will only be as good as the quality of the ice chart.

2. The SI algorithm will become less stable as the proportion of the area in the partial ice chart labelled “no data” increases.

3. The performance of the SI algorithm depends on a good match in time between the concentrations derived from the cloud-free visible and SAR data. If the data that are used to generate concentrations in the partial ice chart are spread over a period of more than perhaps two consecutive days, then the performance of the algorithm will degrade significantly. In the ideal situation, the algorithm would be used in helping to compile daily ice charts where there is a reliably close match in time between the ice chart and the SSM/I data. With the current weekly ice charts from NIC, there will be some error introduced into the SI algorithm by using SSM/I data recorded on one day.

V. Conclusions and Recommendations

The SI algorithm is a practical technique for use by the operational community and generates significantly improved performance over conventional algorithms when compared against ice chart information. In addition, the technique is practical for near real-time ice monitoring. The algorithm represents a new approach to the use of SSM/I data for operational ice monitoring, and has the following advantages:

· Automated tuning of the algorithm to the date and region of interest;

· No manual intervention required (beyond production of the ice chart itself);

· Some correction for sensing biases such as under-estimation of ice concentration during summer and weather effects;

· Flexibility in terms of the attributes used in the program. New attributes can be added to increase the model fit achieved by the algorithm.

The disadvantage of the algorithm is that it is only as good as the ice chart from which it is derived. Any biases in the analysis procedure will be inherited by the algorithm. This algorithm will tend to re-inforce any such biases by trying to include them through the linear coefficients. Thus, it is important that the analysis procedure is carefully monitored to minimize such effects.

The following recommendations are made:

· The algorithm should be tested with different attributes to see whether there are systematic differences in the level of performance;

· The algorithm should be tested for summer conditions when it is expected that algorithm will have some success in compensating for the more severe under-estimation of ice concentrations by conventional SSM/I algorithms; 

Operational testing of the algorithm is planned at the U.S. National Ice Center. 
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Illustrations

Figure 1. The existing ice analysis procedure at the National Ice Center, showing the use of SSM/I data processed using a conventional algorithm. Numbers indicate steps in the ice analysis procedure referred to in the text. Defense Meteorological Satellite Program (DMSP) SSM/I ice concentrations are generated using both the NASA Team algorithm, which has been supplied by both the NOAA Environmental Prediction Center (NCEP) and the Fleet Numerical Modeling and Oceanography Center (FNMOC), and the CAL/VAL algorithm (FNMOC).

Figure 2. Example of an NIC ice chart, disseminated to users on a weekly basis for all ice-covered seas. This example shows the western Sea of Okhotsk for 7-11 December, 1998.

Figure 3. Difference between the CAL/VAL and NASA Team algorithms for 9 December 1998, in the northern hemisphere.

Figure 4. Algorithm predictions of total ice concentration for the western Sea of Okhotsk on 9 December 1998. The corresponding ice chart, compiled using nearly cloud-free OLS data, is shown in Figure 2. Total concentrations indicated by the ice chart are generally above 9/10 within the ice edge and partial concentrations of new and young ice types make up a significant percentage of the total concentration.

Figure 5. Algorithm predictions of total ice concentration as a function of ice types, with brightness temperatures derived from controlled observations. Observations of new ice (with thicknesses indicated in centimeters) are derived from Wensnehan et al. [25], recorded over growing saline ice. Observations from frost flowers, pancakes, young and multi-year ice were recorded by a ship-borne radiometer sensor operating during the North Water experiment in Baffin Bay in May, 1998 (ref.). First-year ice data with different snow thicknesses were taken from Grenfell [28]. Given that the footprints in each case contained 100% of the labeled surface type, the “true” total concentrations are 0% for open water and 100% for all ice types. All observations correspond to freezing conditions.

Figure 6. Principal components of data from controlled observations (a sub-set of those in Figure 5), where the eigen-vectors are generated using principal component analysis from the entire Arctic for 9 December 1998. The intensities are normalized from 0 to 100. 

Figure 7. The proposed new ice analysis procedure, showing the formation of a partial ice chart and its use in the SSM/I Interpolation algorithm.

Figure 8. Flow diagram showing details of the SSM/I Interpolation algorithm. “PC” refers to principal component and the associated number refers to the level of overall variance explained, so that 3 would indicate the component with the 3rd highest level of variance.

Figure 9. Maps showing predictions of ice concentration from the NASA Team, Bootstrap, CAL/VAL, Bristol Hybrid and SI algorithm, for the Barents Sea. Also shown (lower right), is the partial ice chart used to “train” the SI algorithm. Blue indicates no data, red indicates 100% ice concentration and green indicates 0% ice concentration. Land is shown in white. North is towards the lower right of each map.

Figure 10. Mean difference between ice concentrations from algorithms and partial ice charts as a function of date for the Barents Sea. A positive value indicates that the algorithm predicts more ice than the ice chart.

Figure 11. Mean absolute difference between ice concentrations from algorithms and partial ice charts as a function of date for the Barents Sea.
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				1.9 cm																										1.9		250		222		250		255		225		250		215																																																																		1.9 cm		484.976		381.16		98.522		-77.726		-111.187								1.9 cm		1.9 cm		84.0644155844		95.941656769		26.9975746818		81.1165598234		22.7971920207										0.0593220339		0.0099009901		2520.1025759356		0.922109153		0		0.922109153		0.922109153		0.922109153		906.2978256419		0.9303410214		0		0.9303410214		0.9303410214		0.9303410214		0.943229655		0.7435		1.025		0		0		0.943229655		8.5		0.943229655		0.943229655		0.943229655		0.943229655		0.943229655		0.943229655		250.2727272727		1.3396226415		0.5525		-91.6037735849		117.085		265.1286630311		263.5685863247		88.6002257333		105.5323357509		0.8395552425		0.8395552425		0.8395552425		621.375		85.8125		173.48		0.3113759511		-107.6687316261		-0.3113759511		-0.3113759511		673.9593435924		673.9593435924		102.186		226.0643435924		70.391		226.0643435924		173.48		54.0175		181.6953513611		0.803732904		0.803732904		0.803732904		0.803732904		0		1.9 cm		0.922109153		0.8395552425		0.943229655		0.803732904		0.9303410214

				2.2 cm																										2.2		250		227		250		252		220		237		210																																																																		2.2 cm		486.024		366.573		100.338		-77.41		-111.614								2.2 cm		2.2 cm		84.4999480519		90.87844665		29.1084674581		81.3125001628		22.4590510942										0.0482180294		0.0039840637		2456.0626675687		0.9746331499		0		0.9746331499		0.9746331499		0.9746331499		874.5922803879		0.9789598253		0		0.9789598253		0.9789598253		0.9789598253		0.984198312		0.8974		0.97		0		0		0.984198312		8.5		0.984198312		0.984198312		0.984198312		0.984198312		0.984198312		0.984198312		243.1818181818		1.42		0.5525		-107.84		117.085		259.2795389049		260.336945245		86.8389313615		99.4818789476		0.8729120547		0.8729120547		0.8729120547		613.15		86.33		165.255		0.3300051436		-116.0126537775		-0.3300051436		-0.3300051436		661.1977359494		661.1977359494		102.186		213.3027359494		70.391		213.3027359494		165.255		54.535		174.0209218744		0.8158400833		0.8158400833		0.8158400833		0.8158400833		0		2.2 cm		0.9746331499		0.8729120547		0.984198312		0.8158400833		0.9789598253

				2.4 cm																										2.4		250		235		250		252		216		265		225																																																																		2.4 cm		489.583		388.868		97.796		-68.124		-124.888								2.4 cm		2.4 cm		85.979012987		98.6171365521		26.1536825257		87.0704178577		11.9473821042										0.0309278351		0.0039840637		2297.1077750852		1.1969047774		0		1.1969047774		1		1		859.206554976		1.1840885209		0		1.1840885209		1		1		0.984198312		0.8974		0.95		0		0		0.984198312		8.5		0.984198312		0.984198312		0.984198312		0.984198312		0.984198312		0.984198312		243.1818181818		1.42		0.5525		-107.84		117.085		259.2795389049		260.336945245		86.8389313615		99.4818789476		0.8729120547		0.8729120547		0.8729120547		608.97		84.344		161.075		0.3262393295		-114.3259644886		-0.3262393295		-0.3262393295		663.6599113209		663.6599113209		102.186		215.7649113209		70.391		215.7649113209		161.075		52.549		169.4300830018		0.7852531812		0.7852531812		0.7852531812		0.7852531812		0		2.4 cm		1		0.8729120547		0.984198312		0.7852531812		1

		13259643		2.5 cm		0		132		16:34:45		0		53		78.94102		73.53218		2.058		2.546		2.677		3.839		-2.5		-2.5		255.96		231.73		255.96		252.37		211.77		0		0		0		0		0		0		0		0		323.16		323.51		282.66		274.74		331.28		311.75		287.37		279.73		-250.01		-250.01		223		223		266.08		0		0		0		0		0		0		NILAS		Site B7												2.5 cm		480.50442		104.75414		159.23079		-206.03004		-33.41586								2.5 cm		2.5 cm		82.2060966234		0		97.5646155786		1.5597967131		84.3840897646										0.0496832004		-0.0070623414		2539.1850015011		0.816364845		0.0578700606		0.8742349055		0.8742349055		0.8742349055		835.5162057679		0.8093225077		0.175870666		0.9851931737		0.9851931737		0.9851931737		1.1246460493		1.184167		0.93255		0		0		1.1246460493		8.5		1.1246460493		1.1246460493		1.1246460493		1		1		1		244.0563636364		1.5278935875		0.5525		-129.6345046655		117.085		252.9435377054		256.8363045822		91.978141425		93.0254499852		0.9887416985		0.9887416985		0.9887416985		608.04865		87.335549		160.15365		0.3467953993		-123.5329253664		-0.3467953993		-0.3467953993		650.8705877485		650.8705877485		102.186		202.9755877485		70.391		202.9755877485		160.15365		55.540549		169.5108969699		0.8351294796		0.8351294796		0.8351294796		0.8351294796		132		2.5 cm		0.8742349055		0.9887416985		1		0.8351294796		0.9851931737

		13274093		frost flowers		2388		132		21:15:08		0		53		0		0		2.183		3.2		2.712		4.024		-2.5		-2.5		250.79		204.09		250.79		251.1		205.2		0		0		0		0		0		0		0		0		324.28		323.76		282.22		279.07		331.13		311.44		289.11		281.22		-250.01		-250.01		223		223		268.61		0		0		0		0		0		0		UNDEFINED		Transit to B2												frost flowers		454.26149		110.81669		161.32595		-208.54558		-30.75239								frost flowers		frost flowers		71.2999438961		2.1043370471		100		0		86.493289328										0.102664439		0.0006176652		2980.1308194395		0.3948290428		0.2030092309		0.5978382737		0.5978382737		0.5978382737		910.124582878		0.3225486764		0.6647376379		0.9872863143		0.9872863143		0.9872863143		1.0157750543		0.984097		0.887		0		0		1.0157750543		8.5		1.0157750543		1.0157750543		1.0157750543		1		1		1		241.0545454545		1.4621181263		0.5525		-116.3478615071		117.085		256.6273194924		258.8715940196		86.9747900256		96.7657768333		0.8988176696		0.8988176696		0.8988176696		597.19875		80.605756		149.30375		0.3269225053		-114.6319555093		-0.3269225053		-0.3269225053		663.2090235371		663.2090235371		102.186		215.3140235371		70.391		215.3140235371		149.30375		48.810756		157.0799149012		0.7295387097		0.7295387097		0.7295387097		0.7295387097		132		frost flowers		0.5978382737		0.8988176696		1		0.7295387097		0.9872863143

				2.8 cm																										2.8		260		230		260		248		200		240		210																																																																		2.8 cm		484.844		363.012		119.91		-79.748		-135.982								2.8 cm		2.8 cm		84.0095584416		89.6424083122		51.8586840978		79.862789677		3.1620532075										0.0612244898		-0.0236220472		2753.8066077455		0.5027182492		0.3296825153		0.8324007645		0.8324007645		0.8324007645		784.1608385023		0.3971825057		1.1577751038		1.5549576095		1		1		1.282951608		1.6156		0.83		0		0		1.282951608		8.5		1.282951608		1.282951608		1.282951608		1		1		1		233.7272727273		1.7608695652		0.5525		-176.6956521739		117.085		243.1215255914		251.4096428893		93.1504159948		83.2714611996		1.1186355404		1		1		593.5		89.564		145.605		0.3967514852		-145.9080064558		-0.3967514852		-0.3967514852		625.3133654728		625.3133654728		102.186		177.4183654728		70.391		177.4183654728		145.605		57.769		156.6463321818		0.882920614		0.882920614		0.882920614		0.882920614		0		2.8 cm		0.8324007645		1		1		0.882920614		1

				3.6 cm																										3.6		250		215		250		235		180		235		195																																																																		3.6 cm		454.33		346.09		124.19		-81.66		-139.975								3.6 cm		3.6 cm		71.3284155844		83.7687097016		56.8336957071		78.6772266108		0										0.0752688172		-0.0309278351		2936.3857665447		0.2982063367		0.4721435948		0.7703499316		0.7703499316		0.7703499316		767.9829333777		0.0734886391		1.8052429071		1.8787315462		1		1		1.216354035		1.7695		0.6		0		0		1.216354035		8.5		1.216354035		1.216354035		1.216354035		1		1		1		203		2.1515151515		0.5525		-255.6060606061		117.085		233.0753778367		245.8591462548		78.2943165243		73.7280444988		1.0619339907		1		1		554.35		83.47		106.455		0.4854163731		-185.6205664365		-0.4854163731		-0.4854163731		592.9065898403		592.9065898403		102.186		145.0115898403		70.391		145.0115898403		106.455		51.675		118.3341567342		0.8160324072		0.8160324072		0.8160324072		0.8160324072		0		3.6 cm		0.7703499316		1		1		0.8160324072		1

				4.3 cm																										4.3		245		214		245		240		190		225		190																																																																		4.3 cm		455.797		341.01		115.279		-84.832		-124.089								4.3 cm		4.3 cm		71.9380779221		82.0054199639		46.4756750411		76.7103824445		12.5801095054										0.0675381264		-0.0103092784		2727.0908564113		0.5896123062		0.1899263556		0.7795386618		0.7795386618		0.7795386618		838.6608149047		0.5420618484		0.6175874943		1.1596493428		1		1		1.02600873		1.2565		0.7		0		0		1.02600873		8.5		1.02600873		1.02600873		1.02600873		1		1		1		214.8181818182		1.7368421053		0.5525		-171.8421052632		117.085		243.9557826908		251.8705699367		76.1577310586		84.0857161716		0.9057154357		0.9057154357		0.9057154357		567.175		78.853		119.28		0.3945171026		-144.9072376761		-0.3945171026		-0.3945171026		626.3181901058		626.3181901058		102.186		178.4231901058		70.391		178.4231901058		119.28		47.058		128.2270399097		0.7186680153		0.7186680153		0.7186680153		0.7186680153		0		4.3 cm		0.7795386618		0.9057154357		1		0.7186680153		1

				5.0 cm																										5		245		213		245		245		192		235		200																																																																		5.0 cm		457.423		355.375		112.17		-81.688		-125.183								5.0 cm		5.0 cm		72.6138181818		86.9915729329		42.861817309		78.6598648086		11.7137718623										0.0698689956		0		2681.2644104803		0.6861269992		0.0653039028		0.751430902		0.751430902		0.751430902		879.0192139738		0.6739230802		0.1991959081		0.8731189883		0.8731189883		0.8731189883		0.957727635		1		0.76		0		0		0.957727635		8.5		0.957727635		0.957727635		0.957727635		0.957727635		0.957727635		0.957727635		226.6363636364		1.5348837209		0.5525		-131.0465116279		117.085		252.5810498905		256.6360300645		78.7718223732		92.6595692425		0.8501207486		0.8501207486		0.8501207486		574.265		74.846		126.37		0.3406742107		-120.7912755796		-0.3406742107		-0.3406742107		654.5176259553		654.5176259553		102.186		206.6226259553		70.391		206.6226259553		126.37		43.051		133.5019307014		0.6461147712		0.2432		0.2432		0.2432		0		5.0 cm		0.751430902		0.8501207486		0.957727635		0.2432		0.8731189883

				5.3 cm																										5.3		250		212		250		250		193		250		200																																																																		5.3 cm		460.302		367.975		118.75		-88.492		-131.792								5.3 cm		5.3 cm		73.8102857143		91.3650868493		50.5103164654		74.440946868		6.4801105428										0.0822510823		0		2795.7324675325		0.5660846727		0.1238611353		0.6899458079		0.6899458079		0.6899458079		889.8683982684		0.534631411		0.389139111		0.923770522		0.923770522		0.923770522		1.01151075		1		0.815		0		0		1.01151075		8.5		1.01151075		1.01151075		1.01151075		1		1		1		238.4545454545		1.4791666667		0.5525		-119.7916666667		117.085		255.6223021583		258.3163219424		85.7029754443		95.7414759403		0.8951499296		0.8951499296		0.8951499296		582.935		74.9245		135.04		0.3193831457		-111.2551140588		-0.3193831457		-0.3193831457		668.2917270662		668.2917270662		102.186		220.3967270662		70.391		220.3967270662		135.04		43.1295		141.7602037606		0.6432046685		0.1728		0.1728		0.1728		0		5.3 cm		0.6899458079		0.8951499296		1		0.1728		0.923770522

				5.5 cm																										5.5		250		210		250		250		195		230		190																																																																		5.5 cm		460.07		351.125		120		-93.92		-123.37								5.5 cm		5.5 cm		73.7138701299		85.5163797468		51.9632988279		71.075237494		13.1494849765										0.0869565217		0		2839.2326086957		0.5230043023		0.1448759501		0.6678802524		0.6678802524		0.6678802524		893.9913043478		0.4825843068		0.4601124415		0.9426967483		0.9426967483		0.9426967483		1.01151075		1		0.825		0		0		1.01151075		8.5		1.01151075		1.01151075		1.01151075		1		1		1		238.4545454545		1.4791666667		0.5525		-119.7916666667		117.085		255.6223021583		258.3163219424		85.7029754443		95.7414759403		0.8951499296		0.8951499296		0.8951499296		585.025		75.9175		137.13		0.3217567272		-112.3182293262		-0.3217567272		-0.3217567272		666.665872684		666.665872684		102.186		218.770872684		70.391		218.770872684		137.13		44.1225		144.0535730423		0.65846779		0.208		0.208		0.208		0		5.5 cm		0.6678802524		0.8951499296		1		0.208		0.9426967483

				6.0 cm																										6		250		212		250		250		200		235		207																																																																		6.0 cm		465.652		363.565		112.461		-81.652		-123.207								6.0 cm		6.0 cm		76.0336623377		89.8343569786		43.200071603		78.6821871258		13.278564534										0.0822510823		0		2795.7324675325		0.5660846727		0.1238611353		0.6899458079		0.6899458079		0.6899458079		889.8683982684		0.534631411		0.389139111		0.923770522		0.923770522		0.923770522		1.01151075		1		0.85		0		0		1.01151075		8.5		1.01151075		1.01151075		1.01151075		1		1		1		238.4545454545		1.4791666667		0.5525		-119.7916666667		117.085		255.6223021583		258.3163219424		85.7029754443		95.7414759403		0.8951499296		0.8951499296		0.8951499296		590.25		78.4		142.355		0.3273857609		-114.8394454006		-0.3273857609		-0.3273857609		662.9043510353		662.9043510353		102.186		215.0093510353		70.391		215.0093510353		142.355		46.605		149.7897594964		0.6966662556		0.296		0.296		0.296		0		6.0 cm		0.6899458079		0.8951499296		1		0.296		0.923770522

				6.2 cm																										6.2		250		210		250		250		200		235		200																																																																		6.2 cm		463.315		360.5		115.065		-87.09		-122.355								6.2 cm		6.2 cm		75.0624415584		88.7704823632		46.2269244606		75.310277108		13.9532625888										0.0869565217		0		2839.2326086957		0.5230043023		0.1448759501		0.6678802524		0.6678802524		0.6678802524		893.9913043478		0.4825843068		0.4601124415		0.9426967483		0.9426967483		0.9426967483		1.01151075		1		0.85		0		0		1.01151075		8.5		1.01151075		1.01151075		1.01151075		1		1		1		238.4545454545		1.4791666667		0.5525		-119.7916666667		117.085		255.6223021583		258.3163219424		85.7029754443		95.7414759403		0.8951499296		0.8951499296		0.8951499296		590.25		78.4		142.355		0.3273857609		-114.8394454006		-0.3273857609		-0.3273857609		662.9043510353		662.9043510353		102.186		215.0093510353		70.391		215.0093510353		142.355		46.605		149.7897594964		0.6966662556		0.296		0.296		0.296		0		6.2 cm		0.6678802524		0.8951499296		1		0.296		0.9426967483

		13115213		pancakes		2357		131		04:53:03		0		53		78.49384		74.14004		2.397		3.349		2.668		3.678		-2.5		-2.5		241.87		197.79		241.87		252.7		217.49		0		0		0		0		0		0		0		0		324.62		323.82		276.08		270.77		332.43		306.62		279.57		275.1		-250.01		-250.01		223		223		265.74		0		0		0		0		0		0		PANCAKE		transit from N2 to B7		then turning to B9										pancakes		449.65041		114.86762		147.10121		-206.46138		-13.69629								pancakes		pancakes		69.3836509091		3.5104321844		83.4653629347		1.2923381499		100										0.1002592913		0.0218978102		2809.8774133961		0.6541930366		0		0.6541930366		0.6541930366		0.6541930366		989.4893153323		0.6700244767		0		0.6700244767		0.6700244767		0.6700244767		0.7761625532		0.444421		0.96445		0		0		0.7761625532		8.5		0.7761625532		0.7761625532		0.7761625532		0.7761625532		0.7761625532		0.7761625532		244.8363636364		1.2400394477		0.5525		-71.4879684418		117.085		274.2722167636		268.6203997619		80.7658770769		115.1307490178		0.7015143892		0.7015143892		0.7015143892		606.9588		76.933453		159.0638		0.2837757742		-95.3067504073		-0.2837757742		-0.2837757742		695.9464772139		695.9464772139		102.186		248.0514772139		70.391		248.0514772139		159.0638		45.138453		165.3444054381		0.6665729521		0.556304		0.556304		0.556304		131		pancakes		0.6541930366		0.7015143892		0.7761625532		0.556304		0.6700244767

				young																										young ice		245		235		245		248		236		252		245																																																																		young		498.378		392.852		76.287		-47.272		-106.021								young		young		89.6340779221		100		1.151924417		100		26.8881429023										0.0208333333		0.0060851927		2191.8373377282		1		0		1		1		1		857.6968362914		1		0		1		1		1		0.916758978		0.8461		1.01		0		0		0.916758978		8.5		0		0.916758978		0.916758978		0.916758978		0.916758978		0.916758978		233.7272727273		2.3043478261		1		-335.4782608696		-12		248		236		115.5508546052		115.5508546052		1		1		1		623.245		93.692		175.35		0.3529911605		-126.3079758483		-0.3529911605		-0.3529911605		647.3079255053		647.3079255053		102.186		199.4129255053		70.391		199.4129255053		175.35		61.897		185.9539220049		0.932506865		0.932506865		0.932506865		0.932506865		0		young		1		1		0.916758978		0.932506865		1

				FY no snow																										<3 mm snow		244		231		244		247		238		251		244																																																																		FY no snow		495.575		392.777		75.296		-47.59		-103.241								FY no snow		FY no snow		88.4691948052		99.9739671791		0		99.8028195319		29.0896224708										0.0273684211		0.0061099796		2251.5907587952		1		0		1		1		1		863.6478679473		1		0		1		1		1		0.906002355		0.8461		1.01		0		0		0.906002355		8.5		0		0.906002355		0.906002355		0.906002355		0.906002355		0.906002355		231.3636363636		2.4		1		-354.8		-12		244.8571428571		232.8571428571		117		111.4285714286		1.05		1		1		623.81		94.7686		175.915		0.3579774323		-128.5413020322		-0.3579774323		-0.3579774323		644.5303005863		644.5303005863		102.186		196.6353005863		70.391		196.6353005863		175.915		62.9736		186.8468932628		0.9502204981		0.9502204981		0.9502204981		0.9502204981		0		FY no snow		1		1		0.906002355		0.9502204981		1

				FY med snow																										3-50 mm snow		256		249		256		255		249		248		245																																																																		FY med snow		523.321		392.731		80.421		-52.602		-105.07								FY med snow		FY med snow		100		99.9580003822		5.9572276864		96.6950569337		27.6412389705										0.0138613861		-0.0019569472		2174.9305250431		1		0		1		1		1		823.0319992792		1		0		1		1		1		1.089706707		1.0513		1.145		0		0		1.089706707		8.5		0		1.089706707		1.089706707		1		1		1		250.2727272727		1.4528301887		0.5525		-114.4716981132		117.085		257.190862891		259.1829517473		93.4772699644		97.3413432081		0.9603038841		0.9603038841		0.9603038841		649.605		103.2269		201.71		0.3541316742		-126.8188062094		-0.3541316742		-0.3541316742		646.6656978255		646.6656978255		102.186		198.7706978255		70.391		198.7706978255		201.71		71.4319		213.9846733708		1.0765403337		1.0765403337		1.0765403337		1		0		FY med snow		1		0.9603038841		1		1		1

				FY thick snow																										>=50 mm snow		253		245		253		251		243		237		230		temperature																																																																FY thick snow		513.855		375.962		84.256		-59.596		-102.583								FY thick snow		FY thick snow		96.0660779221		94.1374087263		10.4149775747		92.3583267638		29.6106920953										0.016064257		-0.003968254		2207.1623957736		1		0		1		1		1		817.8268143686		1		0		1		1		1		1.071093057		1.1026		1.075		0		0		1.071093057		8.5		0		1.071093057		1.071093057		1		1		1		240.8181818182		2.306122449		1		-335.8367346939		-12		247.9375		235.9375		123.1665539016		115.4686442828		1.0666666667		1		1		637.76		101.4987		189.865		0.3671224291		-132.6373003792		-0.3671224291		-0.3671224291		639.6321275126		639.6321275126		102.186		191.7371275126		70.391		191.7371275126		189.865		69.7037		202.2555908218		1.0548587717		1.0548587717		1.0548587717		1		0		FY thick snow		1		1		1		1		1

				multi-year																												221		202.8		221		198.64		183.56		176.8		169		260																																																																multi-year		422.29564		281.69856		95.82976		-62.97616		-101.41456								multi-year		multi-year		58.0154348052		61.4181653415		23.8681528933		90.2624099992		30.5359787093										0.0429447853		-0.053283767		2763.7145848063		0.3667414467		0.6074586001		0.9742000469		0.9742000469		0.9742000469		661.8811199702		0.0793280341		1		1.0793280341		1		1		1.0049217398		2.147068		0.2542		0		0		1.0049217398		6		0		1.0049217398		1.0049217398		1		1		1		117.0581818182		-15.9404761905		1		3349.9761904762		-12		198.458186929		186.458186929		53.6652885951		56.5691727988		0.9486666667		0.9486666667		0.9486666667		506.4852		95.02194		58.5902		1.0791384907		-451.5457343088		-1.0791384907		-1.0791384907		513.1238845261		513.1238845261		102.186		65.2288845261		70.391		65.2288845261		58.5902		63.22694		86.2001013793		1.3215020003		1.3215020003		1.3215020003		1		0		multi-year		0.9742000469		0.9486666667		1		1		1

																																																																																																														MIN		282.696		104.75414		75.296		-208.54558		-139.975

		Published data																																																																																																												MAX		523.321		392.852		161.32595		-47.272		-13.69629

																																Brightness temperatures

																																																																																																														Type		PCA 1		PCA 2		PCA 3		PCA 4		PCA 5		PCA 6		PCA 7		PCA 8		Type		Type		PCA 1		PCA 2		PCA 3		PCA 4		PCA 5		PCA 6		PCA 7		PCA 8				PR		GR		D		C_fy		C_my		C_total		C_total		Concentration														C_total A		D		C_total_B		Test 1		Test 2		Test 3		Test 4		Test 5		Test 2 again		Test 6		Max		Min		Concentration		threshold		m1		m2		c1		c2		xi		yi		numerator		denominator		max		min		concentration		x		y		dx		hislope		hiint		slope_diff		slope_diff		xii		test		yii		dxhi		dyhi		hi		dxht		dyht		ht		conc		conc		min		conc		Time		Type		NASA Team		Bootstrap		CAL/VAL		Bristol

		13274093		nilas (NOW)		728		132		20:47:27		0		53		78.44118		74.49839		2.175		3.125		2.661		3.901		-2.5		-2.5		251.11		207.26				252.96		209.56		16.9		16.9		0		0		0		0		0		0		324.31		323.78		284.17		280.86		331.25		311.27		289.79		281.99		-250.01		-250.01		223		223		269.99		0		0		0		0		0		0		UNDEFINED		Transit to B2												nilas (NOW)		389.76993		9.09483		-139.28356		-25.62962		-178.48037		61.12632		-123.34806		-98.35302		nilas (NOW)		nilas (NOW)		44.4982566234		-33.2037558349		-249.4242528329		113.4196686153		-30.4923688245		0		0		0				0.0956650741		0.0036701252		2894.4255687326		0.4867355296		0.1358735278		0.6226090574		0.6226090574		0.6226090574														0.9981865964		0.905095		0.9274		0		0		0.9981865964		8.5		0.9981865964		0.9981865964		0.9981865964		0.9981865964		0.9981865964		0.9981865964		245.4509090909		1.4150313972		0.5525		-106.8363422292		117.085		259.609497072		260.5192471323		88.2993414471		99.821048912		0.8845763735		0.8845763735		0.8845763735		603.78295		81.203744		155.88795		0.3169503736		-110.1654876059		-0.3169503736		-0.3169503736		669.9833956987		669.9833956987		102.186		222.0883956987		70.391		222.0883956987		155.88795		49.408744		163.5306605468		0.7363314055		0.7363314055		0.7363314055		0.7363314055		132		nilas (NOW)		0.6226090574		0.8845763735		0.9981865964		0.7363314055

		Grenfell (1986) (top 3); Grenfell and Comiso, 1986		Snow																										Snow

																																																																																																														Surface		PCA 1		PCA 2		PCA 3		PCA 4		PCA 5										Surface		PCA 1		PCA 2		PCA 3		PCA 4		PCA 5

																																																																																																														water		282.696		302.851		85.559		-65.02		-98.684										water		0		19.0299463516		20.990305559		61.9533527697		100

																																																																																																														0.8 cm		413.459		375.575		102.651		-62.764		-126.365										0.8 cm		54.3430649351		84.4566214055		55.9475600278		66.789572972		32.9611779807

																																																																																																														1.6 cm		456.361		374.063		96.907		-82.092		-101.675										1.6 cm		72.1724675325		83.0963396185		44.1996973044		25.3558566284		92.7562907171

																																																																																																														1.9 cm		484.976		381.16		98.522		-77.726		-111.187										1.9 cm		84.0644155844		89.4812072393		47.502761075		34.7153146973		69.7197936596

																																																																																																														2.2 cm		486.024		366.573		100.338		-77.41		-111.614										2.2 cm		84.4999480519		76.3579066919		51.2169182313		35.39272852		68.6856700007

																																																																																																														2.4 cm		489.583		388.868		97.796		-68.124		-124.888										2.4 cm		85.979012987		96.41576545		46.0179163087		55.2992625622		36.5382286697

																																																																																																														2.8 cm		484.844		363.012		119.91		-79.748		-135.982										2.8 cm		84.0095584416		73.1542271656		91.2463696977		30.3807237181		9.6703882202

																																																																																																														3.6 cm		454.33		346.09		124.19		-81.66		-139.975										3.6 cm		71.3284155844		57.9302269008		100		26.281941348		0

																																																																																																														4.3 cm		455.797		341.01		115.279		-84.832		-124.089										4.3 cm		71.9380779221		53.3599679866		81.774859901		19.4820785457		38.4732750478

																																																																																																														5.0 cm		457.423		355.375		112.17		-81.688		-125.183										5.0 cm		72.6138181818		66.2835446208		75.4162064875		26.2219173384		35.823787266

																																																																																																														5.3 cm		460.302		367.975		118.75		-88.492		-131.792										5.3 cm		73.8102857143		77.6192261796		88.8738904569		11.6360830046		19.8178779879

																																																																																																														5.5 cm		460.07		351.125		120		-93.92		-123.37										5.5 cm		73.7138701299		62.4600012379		91.4304413629		0		40.2145746046

																																																																																																														6.0 cm		465.652		363.565		112.461		-81.652		-123.207										6.0 cm		76.0336623377		73.651737634		76.0113715384		26.299091065		40.6093337531

																																																																																																														6.2 cm		463.315		360.5		115.065		-87.09		-122.355										6.2 cm		75.0624415584		70.894288112		81.3371783859		14.6415709141		42.6727374004

																																																																																																														young		498.378		392.852		76.287		-47.272		-106.021										young		89.6340779221		100		2.0268335583		100		82.2309946477

																																																																																																														FY no snow		495.575		392.777		75.296		-47.59		-103.241										FY no snow		88.4691948052		99.932525705		0		99.3182987481		88.9636966894

																																																																																																														FY med snow		523.321		392.731		80.421		-52.602		-105.07										FY med snow		100		99.8911414707		10.4818587148		88.574001029		84.5341599864

																																																																																																														FY thick snow		513.855		375.962		84.256		-59.596		-102.583										FY thick snow		96.0660779221		84.8047887677		18.3253568945		73.5808609158		90.5572642949

																																																																																																														multi-year		422.29564		281.69856		95.82976		-62.97616		-101.41456										multi-year		58.0154348052		0		41.996482186		66.3347624764		93.387033494

																																																																																																														MIN		282.696		281.69856		75.296		-93.92		-139.975

																																																																																																														MAX		523.321		392.852		124.19		-47.272		-98.684

																																																																																																														Surface		PCA 1		PCA 2		PCA 3		PCA 4		PCA 5										Type		PCA 1		PCA 2		PCA 3		PCA 4		PCA 5

																																																																																																														water		282.696		302.851		85.559		-65.02		-98.684										water		0		19.0299463516		20.990305559		49.0292935095		100

																																																																																																														1.6 cm		456.361		374.063		96.907		-82.092		-101.675										new 1.6 cm		72.1724675325		83.0963396185		44.1996973044		0		92.7562907171

																																																																																																														3.6 cm		454.33		346.09		124.19		-81.66		-139.975										new 3.6 cm		71.3284155844		57.9302269008		100		1.2406662837		0

																																																																																																														young		498.378		392.852		76.287		-47.272		-106.021										young		89.6340779221		100		2.0268335583		100		82.2309946477

																																																																																																														FY no snow		495.575		392.777		75.296		-47.59		-103.241										FY no snow		88.4691948052		99.932525705		0		99.0867317634		88.9636966894

																																																																																																														FY med snow		523.321		392.731		80.421		-52.602		-105.07										FY med snow		100		99.8911414707		10.4818587148		84.6927053418		84.5341599864

																																																																																																														FY thick snow		513.855		375.962		84.256		-59.596		-102.583										FY thick snow		96.0660779221		84.8047887677		18.3253568945		64.6065479609		90.5572642949

																																																																																																														multi-year		422.29564		281.69856		95.82976		-62.97616		-101.41456										multi-year		58.0154348052		0		41.996482186		54.8990235497		93.387033494

																																																																																																														MIN		282.696		281.69856		75.296		-82.092		-139.975										MIN		0		0		0		0		0

																																																																																																														MAX		523.321		392.852		124.19		-47.272		-98.684										MAX		100		100		100		100		100





Summary

		2.5 cm		2.5 cm		2.5 cm		2.5 cm

		frost flowers		frost flowers		frost flowers		frost flowers

		2.8 cm		2.8 cm		2.8 cm		2.8 cm

		3.6 cm		3.6 cm		3.6 cm		3.6 cm

		4.3 cm		4.3 cm		4.3 cm		4.3 cm

		5.0 cm		5.0 cm		5.0 cm		5.0 cm

		5.3 cm		5.3 cm		5.3 cm		5.3 cm

		5.5 cm		5.5 cm		5.5 cm		5.5 cm

		6.0 cm		6.0 cm		6.0 cm		6.0 cm

		6.2 cm		6.2 cm		6.2 cm		6.2 cm

		pancakes		pancakes		pancakes		pancakes



PCA 1

PCA 2

PCA 3

PCA 4

82.2060966234

0

97.5646155786

1.5597967131

71.2999438961

2.1043370471

100

0

84.0095584416

89.6424083122

51.8586840978

79.862789677

71.3284155844

83.7687097016

56.8336957071

78.6772266108

71.9380779221

82.0054199639

46.4756750411

76.7103824445

72.6138181818

86.9915729329

42.861817309

78.6598648086

73.8102857143

91.3650868493

50.5103164654
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		Mean / Bias		SI algorithm		NASA team		Bootstrap		CAL/VAL		Bristol Hybrid

		11/2/98		-0.35		-4.82		-0.78		-0.9		-2.85

		11/9/98		0.07		0.46		2.96		3.14		0.69

		11/16/98		-1.05		4.28		-1.55		-1.86		-5.25

		11/23/98

		11/30/98		-3.37		-16.25		-13.84		-13.21		-15.78

		12/7/98		-4.29		-11.86		-10.69		-14.06		-12.75

		12/14/98		-1.28		-5.74		-4.66		-4.83		-6.54

		12/21/98

		12/30/98

		1/4/99

		Mean deviation		SI algorithm		NASA team		Bootstrap		CAL/VAL		Bristol Hybrid

		11/2/98		10.21		15.81		12.87		10.89		15.8

		11/9/98		6.85		14.83		13.33		11.27		15.36

		11/16/98		9.38		13.15		10.79		8.85		13.35

		11/23/98

		11/30/98		4.02		16.73		13.84		13.37		16.23

		12/7/98		6.77		14.09		11.43		14.55		15.71

		12/14/98		6.25		10.93		8.99		8.12		12.36

		12/21/98

		12/30/98

		1/4/99

		BEAUFORT

		Mean / Bias		SI algorithm		NASA team		Bootstrap		CAL/VAL		Bristol Hybrid

		Mean deviation		SI algorithm		NASA team		Bootstrap		CAL/VAL		Bristol Hybrid

				Constant		PCA		Bootstrap		NASA Team

		11/16/99		2.60		11.7		69.3		16.40
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Chart1

		water		water		water		water		water

		0.8 cm		0.8 cm		0.8 cm		0.8 cm		0.8 cm

		1.6 cm		1.6 cm		1.6 cm		1.6 cm		1.6 cm

		1.9 cm		1.9 cm		1.9 cm		1.9 cm		1.9 cm

		2.2 cm		2.2 cm		2.2 cm		2.2 cm		2.2 cm

		2.4 cm		2.4 cm		2.4 cm		2.4 cm		2.4 cm

		2.5 cm		2.5 cm		2.5 cm		2.5 cm		2.5 cm

		frost flowers		frost flowers		frost flowers		frost flowers		frost flowers

		2.8 cm		2.8 cm		2.8 cm		2.8 cm		2.8 cm

		3.6 cm		3.6 cm		3.6 cm		3.6 cm		3.6 cm

		4.3 cm		4.3 cm		4.3 cm		4.3 cm		4.3 cm

		5.0 cm		5.0 cm		5.0 cm		5.0 cm		5.0 cm

		5.3 cm		5.3 cm		5.3 cm		5.3 cm		5.3 cm

		5.5 cm		5.5 cm		5.5 cm		5.5 cm		5.5 cm

		6.0 cm		6.0 cm		6.0 cm		6.0 cm		6.0 cm

		6.2 cm		6.2 cm		6.2 cm		6.2 cm		6.2 cm

		pancakes		pancakes		pancakes		pancakes		pancakes

		young		young		young		young		young

		FY no snow		FY no snow		FY no snow		FY no snow		FY no snow

		FY med snow		FY med snow		FY med snow		FY med snow		FY med snow

		FY thick snow		FY thick snow		FY thick snow		FY thick snow		FY thick snow

		multi-year		multi-year		multi-year		multi-year		multi-year



NASA Team

Bootstrap

CAL/VAL

Bristol

NASA Team thin

0.1100434904

0.1166666667

0

0.032

0.1242422885

0.4732824995

0.7150332059

0.79637829

0.296

1

0.7011404568

0.6716643188

0.740069892

0.5776

0.7220088575

0.922109153

0.8395552425

0.943229655

0.803732904

0.9303410214

0.9746331499

0.8729120547

0.984198312

0.8158400833

0.9789598253

1

0.8729120547

0.984198312

0.7852531812

1

0.8742349055

0.9887416985

1

0.8351294796

0.9851931737

0.5978382737

0.8988176696

1

0.7295387097

0.9872863143

0.8324007645

1

1

0.882920614

1

0.7703499316

1

1

0.8160324072

1

0.7795386618

0.9057154357

1

0.7186680153

1

0.751430902

0.8501207486

0.957727635

0.2432

0.8731189883

0.6899458079

0.8951499296

1

0.1728

0.923770522

0.6678802524

0.8951499296

1

0.208

0.9426967483

0.6899458079

0.8951499296

1

0.296

0.923770522

0.6678802524
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Summary

						Next record is flattened CONFIGURATION file data		terminated by an

						added EOL char which must be stripped away before unflattening.

						@�@@�?Ã333333€�€@p4ÌÌÌÌÍ@J€@J€�?ð?ð

						Next record is flattened CALIBRATION file data		terminated by an

						added EOL char which must be stripped away before unflattening.

																																																																																																																																																																																																												Bootstrap

						@�@F€�?ø?ø?ø?ø?ø?ø�@ @ @ @ @ @ �?ý¥�`?üW¼@@�À� @�ÓÅÀ�ý�À�ÿÍÀ�@ >R @�º€€@"‚àÀ@"âHÀ�2 À�2 �@ >R @�º€€@"‚àÀ@"âHÀ�2 À�2 @�@)ÌÌÌÌÌÍ@0æfffff@pˆ��@ >R @�º€€@"‚àÀ@"âHÀ�2 À�2 �À8�žnž8�À7¦I»“æsÀ;xxïIªˆÀ<		„‚ÙUà?yWG"SŠŒ?IVD§��“�@�@�@)ÌÌÌÌÌÍ@)ÌÌÌÌÌÍ@0æfffff@0æfffff�?ý¥�`?üW¼@@�À� @�ÓÅÀ�ý�À�ÿÍÀ@pˆ																																																																																																																																												winter - thin		NT coefficients																																																				summer		summer		mm0		alpha		beta		xw		yw		xa		xd		ya		yd								cx0		cx1		cx2		cx3		wtpx		wtpy		adint		adslope

																																																																																																																																																				D		817.8		876.2		3485.22		3426.818																						CA		-0.015231617		0.025911011		-1.65692																				pol scheme		23		72.26		0.58		203		130		246		182		231.6		153.13								0		0		0		0		0		0		0		0

						This is a proxy for any overrides from a scheduled acquisition profile.																																																																																																																																														FY		1250.56		-9420.039		13839.618		24510.213																						TC		14																								freq scheme		23		72.26		0.58		203		181		246		182		256.76		220.92

																																																																																																																																																				thin		-790.86		13825.26		-33155.78		-47771.9																																																m0		2.3627906977																						Bristol

						ACTIVE CONFIGURATION:  point53          ACTIVE CALIBRATION:  10May98             SBR Version:  6.0																																																																																																																																														NASA Team																																																								c0		-349.6465116279

																																																																																																																																																				winter - MY		NT coefficients																												winter		CV coefficients																						winter		pol scheme		14		78		0.567		202		130		246		182		234		170								1.045		0.525		0.9164		0.4965		447.895		31.795		102.186		0

																																																																																																																																																				D		2035.35		9244.65		-5665.77		-12875.07																						CA		-0.013656219		0.024412842		-1.677645																				freq scheme		14		78		0.567		202		179		246		182		253		217.64

		NOW data																																																																																																																																																		FY		3290.25		-20761.17		23934.01		47985.42																						TC		6.8																								m0		2.3636363636

		File		Type		Telap		DAY		TIME		AZ		IN		LAT		LONG		V19v		V19h		V37v		V37h		V85v		V85h		T19v		T19h		T22v		T37v		T37h		T85v		T85h		E19v		E19h		E37v		E37h		E85v		E85h		T19t		T19g		T19r		T19c		T37t		T37g		T37r		T37c		T85t		T85g		T85r		T85c		TP1		TP2		TP3		TP4		Tprt		AUX1		AUX2		SCENE		SITE																																																		MY		-790.86		13825.26		-33155.78		-47771.895										NT thin												CALVAL																										c0		-347.4545454545

																																																																																																														Surface		PCA 1		PCA 2		PCA 3		PCA 4		PCA 5								Surface		Type		PCA 1		PCA 2		PCA 3		PCA 4		PCA 5		PCA 6		PCA 7		PCA 8				PR		GR		D		C_fy		C_my		C_total		C_total		Concentration		D		C_fy		C_my		C_total		C_total		Concentration		C_total A		D		C_total_B		Test 1		Test 2		Test 3		Test 4		Test 5		Test 2 again		Test 6		Max		Min		Concentration		threshold		m1		m2		c1		c2		xi		yi		numerator		denominator		max		min		concentration		x		y		dx		hislope		hiint		slope_diff		slope_diff		xii		test		yii		dxhi		dyhi		hi		dxht		dyht		ht		conc		conc		min		conc		Time		Type		NASA Team		Bootstrap		CAL/VAL		Bristol		NASA Team thin

				water																										0		168		105		168		187		122		208		158																																																																		water		282.696		302.851		85.559		-65.02		-98.684								water		water		0		68.7602677785		11.9295663894		88.9950976471		32.698306785										0.2307692308		0.0535211268		3706.4720086674		0.1005957357		0.0094477548		0.1100434904		0.1100434904		0.1100434904		1248.8576307692		0.0962024415		0.0280398469		0.1242422885		0.1242422885		0.1242422885		-0.130000497		0.0253		-0.17		1		1		-0.130000497		6		0		0		0		0		0		-9		89.5454545455		0.5333333333		1		22.2666666667		-12		73.4285714286		61.4285714286		17		145.7142857143		0.1166666667		0.1166666667		0.1166666667		402.69		27.5282		-45.205		0.094387789		-10.4808187369		-0.094387789		-0.094387789		1193.6588405831		1193.6588405831		102.186		745.7638405831		70.391		745.7638405831		-45.205		-4.2668		45.4059203986		0.0608851193		0.032		0.032		0.032		0		water		0.1100434904		0.1166666667		0		0.032		0.1242422885

				0.8 cm																										0.8		230		175		230		230		180		250		218																																																																		0.8 cm		413.459		375.575		102.651		-62.764		-126.365								0.8 cm		0.8 cm		54.3430649351		94.0030793703		31.7970660218		90.3939628549		10.7777470961										0.1358024691		0		3290.7962962963		0.1430753561		0.3302071434		0.4732824995		0.4732824995		0.4732824995		936.7901234568		0		1		1		1		1		0.79637829		1		0.55		0		0		0.79637829		8.5		0.79637829		0.79637829		0.79637829		0.79637829		0.79637829		0.79637829		191.1818181818		1.8214285714		0.5525		-188.9285714286		117.085		241.159020546		250.3253588517		58.1807528312		81.3679034106		0.7150332059		0.7150332059		0.7150332059		538.85		70.142		90.955		0.4216040899		-157.0393638612		-0.4216040899		-0.4216040899		614.8549552768		614.8549552768		102.186		166.9599552768		70.391		166.9599552768		90.955		38.347		98.7081781516		0.5912087002		0.296		0.296		0.296		0		0.8 cm		0.4732824995		0.7150332059		0.79637829		0.296		1

				1.6 cm																										1.6		240		197		240		252		218		240		206																																																																		1.6 cm		456.361		374.063		96.907		-82.092		-101.675								1.6 cm		1.6 cm		72.1724675325		93.4782577004		25.1203214694		78.4093588051		30.3297365011										0.0983981693		0.0243902439		2775.9175308366		0.7011404568		0		0.7011404568		0.7011404568		0.7011404568		997.2460520176		0.7220088575		0		0.7220088575		0.7220088575		0.7220088575		0.740069892		0.3844		0.96		0		0		0.740069892		8.5		0.740069892		0.740069892		0.740069892		0.740069892		0.740069892		0.740069892		243.1818181818		1.22		0.5525		-67.44		117.085		276.4419475655		269.81917603		78.8733161468		117.4296652985		0.6716643188		0.6716643188		0.6716643188		605.81		76.173		157.915		0.2810246018		-94.0745140424		-0.2810246018		-0.2810246018		698.3748495876		698.3748495876		102.186		250.4798495876		70.391		250.4798495876		157.915		44.378		164.0321740056		0.6548717363		0.5776		0.5776		0.5776		0		1.6 cm		0.7011404568		0.6716643188		0.740069892		0.5776		0.7220088575

				1.9 cm																										1.9		250		222		250		255		225		250		215																																																																		1.9 cm		484.976		381.16		98.522		-77.726		-111.187								1.9 cm		1.9 cm		84.0644155844		95.941656769		26.9975746818		81.1165598234		22.7971920207										0.0593220339		0.0099009901		2520.1025759356		0.922109153		0		0.922109153		0.922109153		0.922109153		906.2978256419		0.9303410214		0		0.9303410214		0.9303410214		0.9303410214		0.943229655		0.7435		1.025		0		0		0.943229655		8.5		0.943229655		0.943229655		0.943229655		0.943229655		0.943229655		0.943229655		250.2727272727		1.3396226415		0.5525		-91.6037735849		117.085		265.1286630311		263.5685863247		88.6002257333		105.5323357509		0.8395552425		0.8395552425		0.8395552425		621.375		85.8125		173.48		0.3113759511		-107.6687316261		-0.3113759511		-0.3113759511		673.9593435924		673.9593435924		102.186		226.0643435924		70.391		226.0643435924		173.48		54.0175		181.6953513611		0.803732904		0.803732904		0.803732904		0.803732904		0		1.9 cm		0.922109153		0.8395552425		0.943229655		0.803732904		0.9303410214

				2.2 cm																										2.2		250		227		250		252		220		237		210																																																																		2.2 cm		486.024		366.573		100.338		-77.41		-111.614								2.2 cm		2.2 cm		84.4999480519		90.87844665		29.1084674581		81.3125001628		22.4590510942										0.0482180294		0.0039840637		2456.0626675687		0.9746331499		0		0.9746331499		0.9746331499		0.9746331499		874.5922803879		0.9789598253		0		0.9789598253		0.9789598253		0.9789598253		0.984198312		0.8974		0.97		0		0		0.984198312		8.5		0.984198312		0.984198312		0.984198312		0.984198312		0.984198312		0.984198312		243.1818181818		1.42		0.5525		-107.84		117.085		259.2795389049		260.336945245		86.8389313615		99.4818789476		0.8729120547		0.8729120547		0.8729120547		613.15		86.33		165.255		0.3300051436		-116.0126537775		-0.3300051436		-0.3300051436		661.1977359494		661.1977359494		102.186		213.3027359494		70.391		213.3027359494		165.255		54.535		174.0209218744		0.8158400833		0.8158400833		0.8158400833		0.8158400833		0		2.2 cm		0.9746331499		0.8729120547		0.984198312		0.8158400833		0.9789598253

				2.4 cm																										2.4		250		235		250		252		216		265		225																																																																		2.4 cm		489.583		388.868		97.796		-68.124		-124.888								2.4 cm		2.4 cm		85.979012987		98.6171365521		26.1536825257		87.0704178577		11.9473821042										0.0309278351		0.0039840637		2297.1077750852		1.1969047774		0		1.1969047774		1		1		859.206554976		1.1840885209		0		1.1840885209		1		1		0.984198312		0.8974		0.95		0		0		0.984198312		8.5		0.984198312		0.984198312		0.984198312		0.984198312		0.984198312		0.984198312		243.1818181818		1.42		0.5525		-107.84		117.085		259.2795389049		260.336945245		86.8389313615		99.4818789476		0.8729120547		0.8729120547		0.8729120547		608.97		84.344		161.075		0.3262393295		-114.3259644886		-0.3262393295		-0.3262393295		663.6599113209		663.6599113209		102.186		215.7649113209		70.391		215.7649113209		161.075		52.549		169.4300830018		0.7852531812		0.7852531812		0.7852531812		0.7852531812		0		2.4 cm		1		0.8729120547		0.984198312		0.7852531812		1

		13259643		2.5 cm		0		132		16:34:45		0		53		78.94102		73.53218		2.058		2.546		2.677		3.839		-2.5		-2.5		255.96		231.73		255.96		252.37		211.77		0		0		0		0		0		0		0		0		323.16		323.51		282.66		274.74		331.28		311.75		287.37		279.73		-250.01		-250.01		223		223		266.08		0		0		0		0		0		0		NILAS		Site B7												2.5 cm		480.50442		104.75414		159.23079		-206.03004		-33.41586								2.5 cm		2.5 cm		82.2060966234		0		97.5646155786		1.5597967131		84.3840897646										0.0496832004		-0.0070623414		2539.1850015011		0.816364845		0.0578700606		0.8742349055		0.8742349055		0.8742349055		835.5162057679		0.8093225077		0.175870666		0.9851931737		0.9851931737		0.9851931737		1.1246460493		1.184167		0.93255		0		0		1.1246460493		8.5		1.1246460493		1.1246460493		1.1246460493		1		1		1		244.0563636364		1.5278935875		0.5525		-129.6345046655		117.085		252.9435377054		256.8363045822		91.978141425		93.0254499852		0.9887416985		0.9887416985		0.9887416985		608.04865		87.335549		160.15365		0.3467953993		-123.5329253664		-0.3467953993		-0.3467953993		650.8705877485		650.8705877485		102.186		202.9755877485		70.391		202.9755877485		160.15365		55.540549		169.5108969699		0.8351294796		0.8351294796		0.8351294796		0.8351294796		132		2.5 cm		0.8742349055		0.9887416985		1		0.8351294796		0.9851931737

		13274093		frost flowers		2388		132		21:15:08		0		53		0		0		2.183		3.2		2.712		4.024		-2.5		-2.5		250.79		204.09		250.79		251.1		205.2		0		0		0		0		0		0		0		0		324.28		323.76		282.22		279.07		331.13		311.44		289.11		281.22		-250.01		-250.01		223		223		268.61		0		0		0		0		0		0		UNDEFINED		Transit to B2												frost flowers		454.26149		110.81669		161.32595		-208.54558		-30.75239								frost flowers		frost flowers		71.2999438961		2.1043370471		100		0		86.493289328										0.102664439		0.0006176652		2980.1308194395		0.3948290428		0.2030092309		0.5978382737		0.5978382737		0.5978382737		910.124582878		0.3225486764		0.6647376379		0.9872863143		0.9872863143		0.9872863143		1.0157750543		0.984097		0.887		0		0		1.0157750543		8.5		1.0157750543		1.0157750543		1.0157750543		1		1		1		241.0545454545		1.4621181263		0.5525		-116.3478615071		117.085		256.6273194924		258.8715940196		86.9747900256		96.7657768333		0.8988176696		0.8988176696		0.8988176696		597.19875		80.605756		149.30375		0.3269225053		-114.6319555093		-0.3269225053		-0.3269225053		663.2090235371		663.2090235371		102.186		215.3140235371		70.391		215.3140235371		149.30375		48.810756		157.0799149012		0.7295387097		0.7295387097		0.7295387097		0.7295387097		132		frost flowers		0.5978382737		0.8988176696		1		0.7295387097		0.9872863143

				2.8 cm																										2.8		260		230		260		248		200		240		210																																																																		2.8 cm		484.844		363.012		119.91		-79.748		-135.982								2.8 cm		2.8 cm		84.0095584416		89.6424083122		51.8586840978		79.862789677		3.1620532075										0.0612244898		-0.0236220472		2753.8066077455		0.5027182492		0.3296825153		0.8324007645		0.8324007645		0.8324007645		784.1608385023		0.3971825057		1.1577751038		1.5549576095		1		1		1.282951608		1.6156		0.83		0		0		1.282951608		8.5		1.282951608		1.282951608		1.282951608		1		1		1		233.7272727273		1.7608695652		0.5525		-176.6956521739		117.085		243.1215255914		251.4096428893		93.1504159948		83.2714611996		1.1186355404		1		1		593.5		89.564		145.605		0.3967514852		-145.9080064558		-0.3967514852		-0.3967514852		625.3133654728		625.3133654728		102.186		177.4183654728		70.391		177.4183654728		145.605		57.769		156.6463321818		0.882920614		0.882920614		0.882920614		0.882920614		0		2.8 cm		0.8324007645		1		1		0.882920614		1

				3.6 cm																										3.6		250		215		250		235		180		235		195																																																																		3.6 cm		454.33		346.09		124.19		-81.66		-139.975								3.6 cm		3.6 cm		71.3284155844		83.7687097016		56.8336957071		78.6772266108		0										0.0752688172		-0.0309278351		2936.3857665447		0.2982063367		0.4721435948		0.7703499316		0.7703499316		0.7703499316		767.9829333777		0.0734886391		1.8052429071		1.8787315462		1		1		1.216354035		1.7695		0.6		0		0		1.216354035		8.5		1.216354035		1.216354035		1.216354035		1		1		1		203		2.1515151515		0.5525		-255.6060606061		117.085		233.0753778367		245.8591462548		78.2943165243		73.7280444988		1.0619339907		1		1		554.35		83.47		106.455		0.4854163731		-185.6205664365		-0.4854163731		-0.4854163731		592.9065898403		592.9065898403		102.186		145.0115898403		70.391		145.0115898403		106.455		51.675		118.3341567342		0.8160324072		0.8160324072		0.8160324072		0.8160324072		0		3.6 cm		0.7703499316		1		1		0.8160324072		1

				4.3 cm																										4.3		245		214		245		240		190		225		190																																																																		4.3 cm		455.797		341.01		115.279		-84.832		-124.089								4.3 cm		4.3 cm		71.9380779221		82.0054199639		46.4756750411		76.7103824445		12.5801095054										0.0675381264		-0.0103092784		2727.0908564113		0.5896123062		0.1899263556		0.7795386618		0.7795386618		0.7795386618		838.6608149047		0.5420618484		0.6175874943		1.1596493428		1		1		1.02600873		1.2565		0.7		0		0		1.02600873		8.5		1.02600873		1.02600873		1.02600873		1		1		1		214.8181818182		1.7368421053		0.5525		-171.8421052632		117.085		243.9557826908		251.8705699367		76.1577310586		84.0857161716		0.9057154357		0.9057154357		0.9057154357		567.175		78.853		119.28		0.3945171026		-144.9072376761		-0.3945171026		-0.3945171026		626.3181901058		626.3181901058		102.186		178.4231901058		70.391		178.4231901058		119.28		47.058		128.2270399097		0.7186680153		0.7186680153		0.7186680153		0.7186680153		0		4.3 cm		0.7795386618		0.9057154357		1		0.7186680153		1

				5.0 cm																										5		245		213		245		245		192		235		200																																																																		5.0 cm		457.423		355.375		112.17		-81.688		-125.183								5.0 cm		5.0 cm		72.6138181818		86.9915729329		42.861817309		78.6598648086		11.7137718623										0.0698689956		0		2681.2644104803		0.6861269992		0.0653039028		0.751430902		0.751430902		0.751430902		879.0192139738		0.6739230802		0.1991959081		0.8731189883		0.8731189883		0.8731189883		0.957727635		1		0.76		0		0		0.957727635		8.5		0.957727635		0.957727635		0.957727635		0.957727635		0.957727635		0.957727635		226.6363636364		1.5348837209		0.5525		-131.0465116279		117.085		252.5810498905		256.6360300645		78.7718223732		92.6595692425		0.8501207486		0.8501207486		0.8501207486		574.265		74.846		126.37		0.3406742107		-120.7912755796		-0.3406742107		-0.3406742107		654.5176259553		654.5176259553		102.186		206.6226259553		70.391		206.6226259553		126.37		43.051		133.5019307014		0.6461147712		0.2432		0.2432		0.2432		0		5.0 cm		0.751430902		0.8501207486		0.957727635		0.2432		0.8731189883

				5.3 cm																										5.3		250		212		250		250		193		250		200																																																																		5.3 cm		460.302		367.975		118.75		-88.492		-131.792								5.3 cm		5.3 cm		73.8102857143		91.3650868493		50.5103164654		74.440946868		6.4801105428										0.0822510823		0		2795.7324675325		0.5660846727		0.1238611353		0.6899458079		0.6899458079		0.6899458079		889.8683982684		0.534631411		0.389139111		0.923770522		0.923770522		0.923770522		1.01151075		1		0.815		0		0		1.01151075		8.5		1.01151075		1.01151075		1.01151075		1		1		1		238.4545454545		1.4791666667		0.5525		-119.7916666667		117.085		255.6223021583		258.3163219424		85.7029754443		95.7414759403		0.8951499296		0.8951499296		0.8951499296		582.935		74.9245		135.04		0.3193831457		-111.2551140588		-0.3193831457		-0.3193831457		668.2917270662		668.2917270662		102.186		220.3967270662		70.391		220.3967270662		135.04		43.1295		141.7602037606		0.6432046685		0.1728		0.1728		0.1728		0		5.3 cm		0.6899458079		0.8951499296		1		0.1728		0.923770522

				5.5 cm																										5.5		250		210		250		250		195		230		190																																																																		5.5 cm		460.07		351.125		120		-93.92		-123.37								5.5 cm		5.5 cm		73.7138701299		85.5163797468		51.9632988279		71.075237494		13.1494849765										0.0869565217		0		2839.2326086957		0.5230043023		0.1448759501		0.6678802524		0.6678802524		0.6678802524		893.9913043478		0.4825843068		0.4601124415		0.9426967483		0.9426967483		0.9426967483		1.01151075		1		0.825		0		0		1.01151075		8.5		1.01151075		1.01151075		1.01151075		1		1		1		238.4545454545		1.4791666667		0.5525		-119.7916666667		117.085		255.6223021583		258.3163219424		85.7029754443		95.7414759403		0.8951499296		0.8951499296		0.8951499296		585.025		75.9175		137.13		0.3217567272		-112.3182293262		-0.3217567272		-0.3217567272		666.665872684		666.665872684		102.186		218.770872684		70.391		218.770872684		137.13		44.1225		144.0535730423		0.65846779		0.208		0.208		0.208		0		5.5 cm		0.6678802524		0.8951499296		1		0.208		0.9426967483

				6.0 cm																										6		250		212		250		250		200		235		207																																																																		6.0 cm		465.652		363.565		112.461		-81.652		-123.207								6.0 cm		6.0 cm		76.0336623377		89.8343569786		43.200071603		78.6821871258		13.278564534										0.0822510823		0		2795.7324675325		0.5660846727		0.1238611353		0.6899458079		0.6899458079		0.6899458079		889.8683982684		0.534631411		0.389139111		0.923770522		0.923770522		0.923770522		1.01151075		1		0.85		0		0		1.01151075		8.5		1.01151075		1.01151075		1.01151075		1		1		1		238.4545454545		1.4791666667		0.5525		-119.7916666667		117.085		255.6223021583		258.3163219424		85.7029754443		95.7414759403		0.8951499296		0.8951499296		0.8951499296		590.25		78.4		142.355		0.3273857609		-114.8394454006		-0.3273857609		-0.3273857609		662.9043510353		662.9043510353		102.186		215.0093510353		70.391		215.0093510353		142.355		46.605		149.7897594964		0.6966662556		0.296		0.296		0.296		0		6.0 cm		0.6899458079		0.8951499296		1		0.296		0.923770522

				6.2 cm																										6.2		250		210		250		250		200		235		200																																																																		6.2 cm		463.315		360.5		115.065		-87.09		-122.355								6.2 cm		6.2 cm		75.0624415584		88.7704823632		46.2269244606		75.310277108		13.9532625888										0.0869565217		0		2839.2326086957		0.5230043023		0.1448759501		0.6678802524		0.6678802524		0.6678802524		893.9913043478		0.4825843068		0.4601124415		0.9426967483		0.9426967483		0.9426967483		1.01151075		1		0.85		0		0		1.01151075		8.5		1.01151075		1.01151075		1.01151075		1		1		1		238.4545454545		1.4791666667		0.5525		-119.7916666667		117.085		255.6223021583		258.3163219424		85.7029754443		95.7414759403		0.8951499296		0.8951499296		0.8951499296		590.25		78.4		142.355		0.3273857609		-114.8394454006		-0.3273857609		-0.3273857609		662.9043510353		662.9043510353		102.186		215.0093510353		70.391		215.0093510353		142.355		46.605		149.7897594964		0.6966662556		0.296		0.296		0.296		0		6.2 cm		0.6678802524		0.8951499296		1		0.296		0.9426967483

		13115213		pancakes		2357		131		04:53:03		0		53		78.49384		74.14004		2.397		3.349		2.668		3.678		-2.5		-2.5		241.87		197.79		241.87		252.7		217.49		0		0		0		0		0		0		0		0		324.62		323.82		276.08		270.77		332.43		306.62		279.57		275.1		-250.01		-250.01		223		223		265.74		0		0		0		0		0		0		PANCAKE		transit from N2 to B7		then turning to B9										pancakes		449.65041		114.86762		147.10121		-206.46138		-13.69629								pancakes		pancakes		69.3836509091		3.5104321844		83.4653629347		1.2923381499		100										0.1002592913		0.0218978102		2809.8774133961		0.6541930366		0		0.6541930366		0.6541930366		0.6541930366		989.4893153323		0.6700244767		0		0.6700244767		0.6700244767		0.6700244767		0.7761625532		0.444421		0.96445		0		0		0.7761625532		8.5		0.7761625532		0.7761625532		0.7761625532		0.7761625532		0.7761625532		0.7761625532		244.8363636364		1.2400394477		0.5525		-71.4879684418		117.085		274.2722167636		268.6203997619		80.7658770769		115.1307490178		0.7015143892		0.7015143892		0.7015143892		606.9588		76.933453		159.0638		0.2837757742		-95.3067504073		-0.2837757742		-0.2837757742		695.9464772139		695.9464772139		102.186		248.0514772139		70.391		248.0514772139		159.0638		45.138453		165.3444054381		0.6665729521		0.556304		0.556304		0.556304		131		pancakes		0.6541930366		0.7015143892		0.7761625532		0.556304		0.6700244767

				young																										young ice		245		235		245		248		236		252		245																																																																		young		498.378		392.852		76.287		-47.272		-106.021								young		young		89.6340779221		100		1.151924417		100		26.8881429023										0.0208333333		0.0060851927		2191.8373377282		1		0		1		1		1		857.6968362914		1		0		1		1		1		0.916758978		0.8461		1.01		0		0		0.916758978		8.5		0		0.916758978		0.916758978		0.916758978		0.916758978		0.916758978		233.7272727273		2.3043478261		1		-335.4782608696		-12		248		236		115.5508546052		115.5508546052		1		1		1		623.245		93.692		175.35		0.3529911605		-126.3079758483		-0.3529911605		-0.3529911605		647.3079255053		647.3079255053		102.186		199.4129255053		70.391		199.4129255053		175.35		61.897		185.9539220049		0.932506865		0.932506865		0.932506865		0.932506865		0		young		1		1		0.916758978		0.932506865		1

				FY no snow																										<3 mm snow		244		231		244		247		238		251		244																																																																		FY no snow		495.575		392.777		75.296		-47.59		-103.241								FY no snow		FY no snow		88.4691948052		99.9739671791		0		99.8028195319		29.0896224708										0.0273684211		0.0061099796		2251.5907587952		1		0		1		1		1		863.6478679473		1		0		1		1		1		0.906002355		0.8461		1.01		0		0		0.906002355		8.5		0		0.906002355		0.906002355		0.906002355		0.906002355		0.906002355		231.3636363636		2.4		1		-354.8		-12		244.8571428571		232.8571428571		117		111.4285714286		1.05		1		1		623.81		94.7686		175.915		0.3579774323		-128.5413020322		-0.3579774323		-0.3579774323		644.5303005863		644.5303005863		102.186		196.6353005863		70.391		196.6353005863		175.915		62.9736		186.8468932628		0.9502204981		0.9502204981		0.9502204981		0.9502204981		0		FY no snow		1		1		0.906002355		0.9502204981		1

				FY med snow																										3-50 mm snow		256		249		256		255		249		248		245																																																																		FY med snow		523.321		392.731		80.421		-52.602		-105.07								FY med snow		FY med snow		100		99.9580003822		5.9572276864		96.6950569337		27.6412389705										0.0138613861		-0.0019569472		2174.9305250431		1		0		1		1		1		823.0319992792		1		0		1		1		1		1.089706707		1.0513		1.145		0		0		1.089706707		8.5		0		1.089706707		1.089706707		1		1		1		250.2727272727		1.4528301887		0.5525		-114.4716981132		117.085		257.190862891		259.1829517473		93.4772699644		97.3413432081		0.9603038841		0.9603038841		0.9603038841		649.605		103.2269		201.71		0.3541316742		-126.8188062094		-0.3541316742		-0.3541316742		646.6656978255		646.6656978255		102.186		198.7706978255		70.391		198.7706978255		201.71		71.4319		213.9846733708		1.0765403337		1.0765403337		1.0765403337		1		0		FY med snow		1		0.9603038841		1		1		1

				FY thick snow																										>=50 mm snow		253		245		253		251		243		237		230		temperature																																																																FY thick snow		513.855		375.962		84.256		-59.596		-102.583								FY thick snow		FY thick snow		96.0660779221		94.1374087263		10.4149775747		92.3583267638		29.6106920953										0.016064257		-0.003968254		2207.1623957736		1		0		1		1		1		817.8268143686		1		0		1		1		1		1.071093057		1.1026		1.075		0		0		1.071093057		8.5		0		1.071093057		1.071093057		1		1		1		240.8181818182		2.306122449		1		-335.8367346939		-12		247.9375		235.9375		123.1665539016		115.4686442828		1.0666666667		1		1		637.76		101.4987		189.865		0.3671224291		-132.6373003792		-0.3671224291		-0.3671224291		639.6321275126		639.6321275126		102.186		191.7371275126		70.391		191.7371275126		189.865		69.7037		202.2555908218		1.0548587717		1.0548587717		1.0548587717		1		0		FY thick snow		1		1		1		1		1

				multi-year																												221		202.8		221		198.64		183.56		176.8		169		260																																																																multi-year		422.29564		281.69856		95.82976		-62.97616		-101.41456								multi-year		multi-year		58.0154348052		61.4181653415		23.8681528933		90.2624099992		30.5359787093										0.0429447853		-0.053283767		2763.7145848063		0.3667414467		0.6074586001		0.9742000469		0.9742000469		0.9742000469		661.8811199702		0.0793280341		1		1.0793280341		1		1		1.0049217398		2.147068		0.2542		0		0		1.0049217398		6		0		1.0049217398		1.0049217398		1		1		1		117.0581818182		-15.9404761905		1		3349.9761904762		-12		198.458186929		186.458186929		53.6652885951		56.5691727988		0.9486666667		0.9486666667		0.9486666667		506.4852		95.02194		58.5902		1.0791384907		-451.5457343088		-1.0791384907		-1.0791384907		513.1238845261		513.1238845261		102.186		65.2288845261		70.391		65.2288845261		58.5902		63.22694		86.2001013793		1.3215020003		1.3215020003		1.3215020003		1		0		multi-year		0.9742000469		0.9486666667		1		1		1

																																																																																																														MIN		282.696		104.75414		75.296		-208.54558		-139.975

		Published data																																																																																																												MAX		523.321		392.852		161.32595		-47.272		-13.69629

																																Brightness temperatures

																																																																																																														Type		PCA 1		PCA 2		PCA 3		PCA 4		PCA 5		PCA 6		PCA 7		PCA 8		Type		Type		PCA 1		PCA 2		PCA 3		PCA 4		PCA 5		PCA 6		PCA 7		PCA 8				PR		GR		D		C_fy		C_my		C_total		C_total		Concentration														C_total A		D		C_total_B		Test 1		Test 2		Test 3		Test 4		Test 5		Test 2 again		Test 6		Max		Min		Concentration		threshold		m1		m2		c1		c2		xi		yi		numerator		denominator		max		min		concentration		x		y		dx		hislope		hiint		slope_diff		slope_diff		xii		test		yii		dxhi		dyhi		hi		dxht		dyht		ht		conc		conc		min		conc		Time		Type		NASA Team		Bootstrap		CAL/VAL		Bristol

		13274093		nilas (NOW)		728		132		20:47:27		0		53		78.44118		74.49839		2.175		3.125		2.661		3.901		-2.5		-2.5		251.11		207.26				252.96		209.56		16.9		16.9		0		0		0		0		0		0		324.31		323.78		284.17		280.86		331.25		311.27		289.79		281.99		-250.01		-250.01		223		223		269.99		0		0		0		0		0		0		UNDEFINED		Transit to B2												nilas (NOW)		389.76993		9.09483		-139.28356		-25.62962		-178.48037		61.12632		-123.34806		-98.35302		nilas (NOW)		nilas (NOW)		44.4982566234		-33.2037558349		-249.4242528329		113.4196686153		-30.4923688245		0		0		0				0.0956650741		0.0036701252		2894.4255687326		0.4867355296		0.1358735278		0.6226090574		0.6226090574		0.6226090574														0.9981865964		0.905095		0.9274		0		0		0.9981865964		8.5		0.9981865964		0.9981865964		0.9981865964		0.9981865964		0.9981865964		0.9981865964		245.4509090909		1.4150313972		0.5525		-106.8363422292		117.085		259.609497072		260.5192471323		88.2993414471		99.821048912		0.8845763735		0.8845763735		0.8845763735		603.78295		81.203744		155.88795		0.3169503736		-110.1654876059		-0.3169503736		-0.3169503736		669.9833956987		669.9833956987		102.186		222.0883956987		70.391		222.0883956987		155.88795		49.408744		163.5306605468		0.7363314055		0.7363314055		0.7363314055		0.7363314055		132		nilas (NOW)		0.6226090574		0.8845763735		0.9981865964		0.7363314055

		Grenfell (1986) (top 3); Grenfell and Comiso, 1986		Snow																										Snow

																																																																																																														Surface		PCA 1		PCA 2		PCA 3		PCA 4		PCA 5										Surface		PCA 1		PCA 2		PCA 3		PCA 4		PCA 5

																																																																																																														water		282.696		302.851		85.559		-65.02		-98.684										water		0		19.0299463516		20.990305559		61.9533527697		100

																																																																																																														0.8 cm		413.459		375.575		102.651		-62.764		-126.365										0.8 cm		54.3430649351		84.4566214055		55.9475600278		66.789572972		32.9611779807

																																																																																																														1.6 cm		456.361		374.063		96.907		-82.092		-101.675										1.6 cm		72.1724675325		83.0963396185		44.1996973044		25.3558566284		92.7562907171

																																																																																																														1.9 cm		484.976		381.16		98.522		-77.726		-111.187										1.9 cm		84.0644155844		89.4812072393		47.502761075		34.7153146973		69.7197936596

																																																																																																														2.2 cm		486.024		366.573		100.338		-77.41		-111.614										2.2 cm		84.4999480519		76.3579066919		51.2169182313		35.39272852		68.6856700007

																																																																																																														2.4 cm		489.583		388.868		97.796		-68.124		-124.888										2.4 cm		85.979012987		96.41576545		46.0179163087		55.2992625622		36.5382286697

																																																																																																														2.8 cm		484.844		363.012		119.91		-79.748		-135.982										2.8 cm		84.0095584416		73.1542271656		91.2463696977		30.3807237181		9.6703882202

																																																																																																														3.6 cm		454.33		346.09		124.19		-81.66		-139.975										3.6 cm		71.3284155844		57.9302269008		100		26.281941348		0

																																																																																																														4.3 cm		455.797		341.01		115.279		-84.832		-124.089										4.3 cm		71.9380779221		53.3599679866		81.774859901		19.4820785457		38.4732750478

																																																																																																														5.0 cm		457.423		355.375		112.17		-81.688		-125.183										5.0 cm		72.6138181818		66.2835446208		75.4162064875		26.2219173384		35.823787266

																																																																																																														5.3 cm		460.302		367.975		118.75		-88.492		-131.792										5.3 cm		73.8102857143		77.6192261796		88.8738904569		11.6360830046		19.8178779879

																																																																																																														5.5 cm		460.07		351.125		120		-93.92		-123.37										5.5 cm		73.7138701299		62.4600012379		91.4304413629		0		40.2145746046

																																																																																																														6.0 cm		465.652		363.565		112.461		-81.652		-123.207										6.0 cm		76.0336623377		73.651737634		76.0113715384		26.299091065		40.6093337531

																																																																																																														6.2 cm		463.315		360.5		115.065		-87.09		-122.355										6.2 cm		75.0624415584		70.894288112		81.3371783859		14.6415709141		42.6727374004

																																																																																																														young		498.378		392.852		76.287		-47.272		-106.021										young		89.6340779221		100		2.0268335583		100		82.2309946477

																																																																																																														FY no snow		495.575		392.777		75.296		-47.59		-103.241										FY no snow		88.4691948052		99.932525705		0		99.3182987481		88.9636966894

																																																																																																														FY med snow		523.321		392.731		80.421		-52.602		-105.07										FY med snow		100		99.8911414707		10.4818587148		88.574001029		84.5341599864

																																																																																																														FY thick snow		513.855		375.962		84.256		-59.596		-102.583										FY thick snow		96.0660779221		84.8047887677		18.3253568945		73.5808609158		90.5572642949

																																																																																																														multi-year		422.29564		281.69856		95.82976		-62.97616		-101.41456										multi-year		58.0154348052		0		41.996482186		66.3347624764		93.387033494

																																																																																																														MIN		282.696		281.69856		75.296		-93.92		-139.975

																																																																																																														MAX		523.321		392.852		124.19		-47.272		-98.684

																																																																																																														Surface		PCA 1		PCA 2		PCA 3		PCA 4		PCA 5										Type		PCA 1		PCA 2		PCA 3		PCA 4		PCA 5

																																																																																																														water		282.696		302.851		85.559		-65.02		-98.684										water		0		19.0299463516		20.990305559		49.0292935095		100

																																																																																																														1.6 cm		456.361		374.063		96.907		-82.092		-101.675										new 1.6 cm		72.1724675325		83.0963396185		44.1996973044		0		92.7562907171

																																																																																																														3.6 cm		454.33		346.09		124.19		-81.66		-139.975										new 3.6 cm		71.3284155844		57.9302269008		100		1.2406662837		0

																																																																																																														young		498.378		392.852		76.287		-47.272		-106.021										young		89.6340779221		100		2.0268335583		100		82.2309946477

																																																																																																														FY no snow		495.575		392.777		75.296		-47.59		-103.241										FY no snow		88.4691948052		99.932525705		0		99.0867317634		88.9636966894

																																																																																																														FY med snow		523.321		392.731		80.421		-52.602		-105.07										FY med snow		100		99.8911414707		10.4818587148		84.6927053418		84.5341599864

																																																																																																														FY thick snow		513.855		375.962		84.256		-59.596		-102.583										FY thick snow		96.0660779221		84.8047887677		18.3253568945		64.6065479609		90.5572642949

																																																																																																														multi-year		422.29564		281.69856		95.82976		-62.97616		-101.41456										multi-year		58.0154348052		0		41.996482186		54.8990235497		93.387033494

																																																																																																														MIN		282.696		281.69856		75.296		-82.092		-139.975										MIN		0		0		0		0		0

																																																																																																														MAX		523.321		392.852		124.19		-47.272		-98.684										MAX		100		100		100		100		100





Summary

		2.5 cm		2.5 cm		2.5 cm		2.5 cm

		frost flowers		frost flowers		frost flowers		frost flowers

		2.8 cm		2.8 cm		2.8 cm		2.8 cm

		3.6 cm		3.6 cm		3.6 cm		3.6 cm

		4.3 cm		4.3 cm		4.3 cm		4.3 cm

		5.0 cm		5.0 cm		5.0 cm		5.0 cm

		5.3 cm		5.3 cm		5.3 cm		5.3 cm

		5.5 cm		5.5 cm		5.5 cm		5.5 cm

		6.0 cm		6.0 cm		6.0 cm		6.0 cm

		6.2 cm		6.2 cm		6.2 cm		6.2 cm

		pancakes		pancakes		pancakes		pancakes



PCA 1

PCA 2

PCA 3

PCA 4

82.2060966234

0

97.5646155786

1.5597967131

71.2999438961

2.1043370471

100

0

84.0095584416

89.6424083122

51.8586840978

79.862789677

71.3284155844

83.7687097016

56.8336957071

78.6772266108

71.9380779221

82.0054199639

46.4756750411

76.7103824445

72.6138181818

86.9915729329

42.861817309

78.6598648086

73.8102857143

91.3650868493

50.5103164654

74.440946868

73.7138701299

85.5163797468

51.9632988279

71.075237494

76.0336623377

89.8343569786

43.200071603

78.6821871258

75.0624415584

88.7704823632

46.2269244606

75.310277108

69.3836509091

3.5104321844

83.4653629347

1.2923381499



		2.5 cm		2.5 cm		2.5 cm		2.5 cm

		frost flowers		frost flowers		frost flowers		frost flowers

		2.8 cm		2.8 cm		2.8 cm		2.8 cm

		3.6 cm		3.6 cm		3.6 cm		3.6 cm

		4.3 cm		4.3 cm		4.3 cm		4.3 cm

		5.0 cm		5.0 cm		5.0 cm		5.0 cm

		5.3 cm		5.3 cm		5.3 cm		5.3 cm

		5.5 cm		5.5 cm		5.5 cm		5.5 cm

		6.0 cm		6.0 cm		6.0 cm		6.0 cm

		6.2 cm		6.2 cm		6.2 cm		6.2 cm

		pancakes		pancakes		pancakes		pancakes



PCA 5

PCA 6

PCA 7

PCA 8

84.3840897646

86.493289328

3.1620532075

0

12.5801095054

11.7137718623

6.4801105428

13.1494849765

13.278564534

13.9532625888

100



		0		0		0		0
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		0		0		0		0

		0		0		0		0



NASA Team

Bootstrap

CAL/VAL

Bristol
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PCA 1

PCA 2

PCA 3

PCA 4

PCA 5



		water		water		water		water

		new 1.6 cm		new 1.6 cm		new 1.6 cm		new 1.6 cm

		new 3.6 cm		new 3.6 cm		new 3.6 cm		new 3.6 cm

		young		young		young		young

		FY no snow		FY no snow		FY no snow		FY no snow

		FY med snow		FY med snow		FY med snow		FY med snow

		FY thick snow		FY thick snow		FY thick snow		FY thick snow

		multi-year		multi-year		multi-year		multi-year



PCA 1

PCA 2

PCA 3

PCA 4

0

19.0299463516

20.990305559

49.0292935095

72.1724675325

83.0963396185

44.1996973044

0

71.3284155844

57.9302269008

100

1.2406662837

89.6340779221

100

2.0268335583

100

88.4691948052

99.932525705

0

99.0867317634

100

99.8911414707

10.4818587148

84.6927053418

96.0660779221

84.8047887677

18.3253568945

64.6065479609

58.0154348052

0

41.996482186

54.8990235497
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