Comparing exposure metrics for classifying ‘dangerous heat’ in heat wave and health warning systems 
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1. Brief review of HHWS triggers
Four types of HHWS metrics described in the text have been implemented in the world. For example, Nicholls et al. (2008) developed a simple heat alert system in Melbourne, Australia, which used daily minimum temperature above 24 (C as a trigger.  Compared to a single temperature variable, the heat index (HI), also called apparent temperature, can better represent the physiological stress of temperature exposure since it takes both temperature and humidity into consideration (National Weather Service, 2005).  The U.S. National Weather Service (NWS) has devised a HI table, and usually initiates heat alerts when the HI reaches region-specific thresholds (National Weather Service, 2005).  However, HI is only calculated when air temperatures are above 27 oC and relative humidity is above 40%.  Some indices characterizing human heat stress were developed on the basis of heat budget equations which take into account both meteorological and physiological variables, e.g., the Physiological Equivalent Temperature (PET) proposed by Hoeppe (1999).  Pascal et al.(2006) have designed a heat warning system in France using temperature-mortality associations derived from an epidemiological assessment.  An alert would be triggered when temperature indicators are expected to cause more than 50% excess deaths in larger cities or 100% excess deaths in smaller cities.  

The concept of air masses was originally developed in meteorology to describe a large body of air whose physical characteristics (e.g., temperature and humidity) is quasi-homogeneous (Petterssen, 1969).  Air masses can be classified into continental/maritime, polar/tropical and other categories according to their source region.  Several air-mass classification methods have been proposed since 1950s, including trajectory analysis, partial collective method, principal component analysis, cluster analysis, temporal synoptic index and spatial synoptic classification (SSC) (Bower et al., 2007).  The SSC and its variations have been used in many HHWSs in the U.S. and elsewhere (Sheridan and Kalkstein, 2004).  The SSC method was first proposed for application in eastern and central U.S. by Kalkstein and Greene8, and then was refined by Sheridan and Kalkstein (2004) to take western U.S. and Canada into consideration. It was recently modified for Western Europe by Bower et al. (2007).  In brief, SSC and its variations use weather conditions (e.g., temperature, dew point, barometric pressure, wind speed, and cloud cover) to classify any day into one of seven known categories: dry polar (DP), dry moderate (DM), dry tropical (DT), moist polar (MP), moist moderate (MM), moist tropical (MT), and transition (TR) between two weather types (Kalkstein and Greene, 1997; Sheridan, 2002; Sheridan and Kalkstein, 2004; Bower et al., 2007).  DT is associated with hot and dry days, and MT represents hot and humid days and nights.  Since MT is a common weather type in summer, it is further divided into two subtypes of hotter weather: MT+ (defined as when the apparent temperature in the morning and afternoon are greater than location-specific MT means) and MT++ (defined as when the apparent temperature in the morning and afternoon are greater than one standard deviation above location-specific MT means). DT and MT+ are usually associated with increased mortality levels. Once offensive air masses (those generally associated with significant increased mortality levels) over a city are determined, their associations with mortality will be estimated to account for day-to-day variations within an air mass.  In an SSC-based warning system, the excess mortality levels are projected for the next few days using weather forecasts and previous developed within-air-mass algorithms, and then these projections are considered in the decision-making process on whether heat alerts or advisories are issued.

2. Introduction to clustering methods
Cluster analysis is a widely used statistical tool to classify multivariate data into groups with similar properties (Izenman, 2008).  In the context of weather and health research, we are discussing the idea of clustering days with common meteorological characteristics (either directly measured at weather stations or forecast for future time periods) that may influence human physiology and comfort.  These characteristics include air temperature, relative humidity, wind speed, cloud cover, and the like.  These parameters are the multiple variables to which cluster analysis is applied in the context of this paper.  The SSC analysis discussed previously is a form of classification, but for the purpose of introducing a new approach, we next discuss more broadly the available clustering methods used in the field and their strengths and weaknesses.

Cluster analysis methods include partitioning methods, hierarchical cluster methods and model-based clustering methods, among others.  Partitioning and hierarchical methods do not require underlying statistical models, while model-based clustering methods are established on probability models.  K-means and the PAM algorithm are two popular partitioning methods.  The basic idea of K-means and PAM divides all observations into several clusters at once with the number of clusters determined a priori.  PAM is more robust than the K-means clustering method to outliers and missing values because it minimizes a sum of un-squared dissimilarities, rather than a sum of squared Euclidean distances, and avoids initial guesses for the cluster centers which is what is done with K-means (Struyf et al., 1997).  Hierarchical cluster methods produce different levels of clustering of the dataset, and usually produce a graphical tree displaying this hierarchical clustering structure.  Both partitioning and hierarchical methods are distance-based approaches, which form the clusters by minimizing some criterion using the distance between data objects, and lack underlying statistical models (Styuyf et al., 1997; Izenman, 2008).  

In contrast, model-based clustering methods are based on probability models, and view data as generated from a finite mixture model (Fraley and Raftery, 2007).  For example, daily weather conditions could be assumed to come from a mixture of distributions with different parameters (e.g., mean and covariance), rather than from a single distribution.  Data 
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 are assumed to have a mixture density 
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 is the number of components.  Each component (distribution) of a mixture model corresponds to a cluster, and is usually modeled as a normal or Gaussian distribution.  

Model parameters are estimated using a maximum likelihood approach, and the number of clusters can be optimally determined by use of statistical criteria such as the Bayesian Information Criterion (BIC), rather than subjective choice in partitioning methods.  Model-based clustering methods can also quantify the uncertainty of a given data point belonging to any component, which is another advantage compared to distance-based approaches.  Moreover, model-based approaches provide the flexibility to identify clusters by accounting for their geometric features (e.g., shape, volume and orientation), which are critical to the performance of clustering methods. Distance-based approaches cannot take into consideration the clusters’ shape and structure since they depend on the proximity between data objects. (Supporting Information Figures S1-2 illustrate two ellipse-shaped clusters with different volumes and orientations.)  For example, the popular K-means method usually works well only for spherical clusters with similar size while the model-based cluster method can deal with clusters with different shapes and varying sizes.
3. Hybrid clustering analysis results
Supporting information Figure S2 shows the “best” models and number of clusters for the first- and second level clustering analysis indicated by the highest BIC values.  Figure S2A indicates that the “best” model is ellipsoidal, equal shape (Variable volume, Equal shape and Variable orientation: VEV; these are three parameters involved in determining covariance matrix) with 7 clusters, and Figure S2B suggests that the “best” one is ellipsoidal, equal variance (Equal volume, Equal shape and Equal orientation: EEE) with 4 clusters.   

4. Heat wave triggers comparison 

Supporting information Table S4 shows the characteristics of the seven SSC air masses calculated by Sheridan and colleagues for Detroit for the entire study period.  DT is associated with higher temperature and relatively lower dew point temperature, while two MT subtypes (MT+ and MT++) are associated with both higher temperature and higher moisture.  MT++ had higher temperature values compared to MT+.  

Figure S7 further shows the associations among SSC, temperature and relative temperature methods.  SSC, 90th percentile minimum temperature and relative temperature were highly correlated: their Pearson correlation coefficients (r) were 0.74 and 0.76, respectively (Figure S7A and S7B).  All p values for the reported correlation coefficients were less than 0.001.  The 95th percentile temperature and relative temperature were also strongly correlated (r=0.74) (Figure S7C), while this was not true for the 99th percentile temperature and relative temperature (r=0.30) (Figure S7D).  Figure 5 also indicates that the 90th percentile minimum relative temperature generally tended to identify more heat wave days than SSC; temperature tended to classify hot days similarly to relative temperature for most of years except for in the 99th percentile case.   
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Supplemental Tables and Figures
Table S1 Descriptive statistics of observed daily temperature and dew point during the summertime (May 1st to September 30th) from 1976 to 2006 in Detroit, Michigan, USA (unit: oC; sample size = 4743) 
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Daily minimum temperature  14.3 5.0 -3.3 11.1 15.0 17.8 27.2

Daily maximum temperature 25.0 5.2 6.1 21.7 25.6 28.9 39.4

Daily minimum dew point 10.2 5.8 -11.7 6.7 10.6 14.4 22.8

Daily maximum dew point 16.0 5.2 -2.2 12.8 16.7 20.0 27.8


Note: a. Standard deviation; b. 25th percentile values; c. 75th percentile values.

Table S2. Correlations (Pearson correlation coefficients) among selected meteorological parameters (all p values < 0.001) 
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Note: a. daily minimum temperature; b. daily maximum temperature; c. daily minimum dew point; d. daily maximum dew point.

Table S3. Clusters identified by the hybrid clustering method based on the observed meteorological data in Detroit (May 1st to September 30th from 1976 to 2006) (cluster mean ± standard deviation; the highlighted areas represent hotter clusters at a given stage). Size refers to number of days in the cluster
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1 479 8.0  ± 2.9 21.3 ± 4.1 5.5  ± 3.1  11.9 ± 4.2 

2 273 11.0 ± 3.7 18.8 ± 5.0 3.2  ± 4.1  14.3 ± 4.4 

3 524 8.0  ± 3.8 19.2 ± 4.7 1.4  ± 3.7  7.2  ± 3.4 

4 1747 15.3 ± 3.0 27.2 ± 3.1 12.2 ± 3.0  16.9 ± 3.3 

5 491 15.2 ± 4.0 27.2 ± 4.5 9.2  ± 4.4  17.9 ± 3.5 

6 584 17.0 ± 3.0 23.7 ± 4.7 11.2 ± 2.4  17.8 ± 3.1 

7 645 20.1 ± 1.9 28.8 ± 3.2 18.1 ± 1.6  21.5 ± 1.7 

                                                 

1 61 17.9 ± 1.1 24.7 ± 2.2 16.6 ± 0.8  18.9 ± 0.8 

2 257 19.0 ± 1.4 27.9 ± 2.7 17.4 ± 1.2  21.2 ± 1.4 

3 169 21.3 ± 1.4 30.8 ± 2.6 18.0 ± 1.1  21.9 ± 1.3 

4 158 21.4 ± 1.4 29.4 ± 2.9 20.0 ± 1.1  22.7 ± 1.3 

                                                 

1 91 20.4 ± 0.9  29.5 ± 2.2 17.3 ± 0.7 21.0 ± 0.9

2 78 22.4 ± 1.0  32.3 ± 2.1 19.0 ± 0.8 22.9 ± 1.0

                                                

3 106 20.7 ± 0.9  28.2 ± 2.4 19.4 ± 0.6 22.1 ± 0.9

4 52 22.8 ± 1.0  32.0 ± 2.1 21.2 ± 0.7 24.0 ± 0.9

I

(model-
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Note: a. daily minimum temperature; b. daily maximum temperature; c. daily minimum dew point; d. daily maximum dew point.

Table S4. Correlations of the number of annual heat wave days identified by each method (at least two consecutive days occurred in hot days identified by a method; all p values < 0.05; hybrid clustering method, HCM)
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Table S5. Clusters identified by SSC based on observed meteorological data in Detroit a b. 

[image: image12.emf]Cluster Description Size Min Temp Max Temp Min DP Max DP

1 Dry Moderate 1462 13.2 ± 3.8  25.9 ± 3.5  8.8  ± 4.3 14.6 ± 3.9

2 Dry Polar 573 8.1  ± 3.9  19.6 ± 3.9  3.3  ± 4.5 9.0  ± 4.2

3 Dry Tropical 221 16.1 ± 4.4  31.4 ± 3.3  10.0 ± 4.8 16.6 ± 4.7

4 Moist Moderate 759 15.7 ± 3.3  22.8 ± 3.3  12.5 ± 3.9 17.4 ± 3.3

5 Moist Polar 238 9.7  ± 3.4  15.9 ± 3.8  6.2  ± 4.2 11.5 ± 3.8

6 Moist Tropical 847 18.3 ± 2.8  28.3 ± 2.6  15.2 ± 3.3 20.4 ± 2.3

7 Transition 371 13.7 ± 4.5  24.0 ± 4.8  7.4  ± 5.3 17.8 ± 4.1

66 Moist Tropical + 111 20.3 ± 2.4  30.7 ± 2.4  17.4 ± 2.7 22.0 ± 1.9

67 Moist Tropical ++ 155 21.2 ± 2.6  32.1 ± 2.3  18.1 ± 2.7 22.6 ± 2.2

 
Note: a. 6 unclassified days; b. SSC data were obtained from Dr. Scott Sheridan’s website:  http://sheridan.geog.kent.edu/ssc.html [accessed May 27th 2009]

Table S6. Descriptive statistics of identified heat wave days (at least two consecutive days occurred in hot days identified by each method; hybrid clustering method, HCM) (mean ± standard deviation)

 [image: image13.emf]Method N Min Temp Max Temp Min DP Max DP

SSC 355 19.0 ± 4.0 31.7 ± 2.8 14.6 ± 5.3  19.9 ± 4.5 

HCM2 189 21.6 ± 1.3 30.4 ± 2.7 19.3 ± 1.4  22.5 ± 1.3 

HCM3 69 22.7 ± 1.1 32.3 ± 2.2 20.2 ± 1.4  23.5 ± 1.0 

90

th

 Min TMP 405 21.8 ± 1.1 31.2 ± 2.7 17.9 ± 2.7  22.5 ± 1.6 

95
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 Min TMP 180 22.7 ± 1.0 32.3 ± 2.4 18.5 ± 2.8  23.0 ± 1.7 

99

th

 Min TMP 22 24.4 ± 1.0 34.5 ± 2.1 20.6 ± 1.9  24.0 ± 1.3 
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Figure S1.  Projection of optimal clustering analysis at the first level based on daily temperature and dew point in Detroit, Michigan, 1976-2006 (unit: oC) (The different colors represent each cluster in the “best” identified model. Each ellipse corresponds to the distributions of covariance matrixes of clusters.)
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Figure S2.  Projection of optimal clustering analysis at the second level based on daily temperature and dew point in Detroit, Michigan, 1976-2006 (unit: oC). Otherwise as Figure S1.
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Figure S3.  Quantile-Quantile plots of daily temperature and dew point in Detroit, Michigan, 1976-2006 


[image: image17]
Figure S4.  Histograms of daily temperature and dew point in Detroit, Michigan, 1976-2006 (unit: oC) 
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Figure S5. Bayesian Information Criterion (BIC) values from the first- (A) and second-level (B) cluster analysis for selected models (The three letters in the model identifiers represent models’ geometric characteristics: volume, shape and orientation. E, V and I mean equal, varying and identity matrix across clusters, respectively. Details in Fraley and Raftery (2007))
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Figure S6. Number of annual dangerous heat wave days identified by selected exposure metrics in the Detroit, Michigan area, 1976-2006. 

(Note: The number of heat wave days was calculated by counting days where at least two consecutive days occurred in the hottest sub-clusters identified by spatial synoptic classification (SSC), and the 90th, 95th, and 99th percentiles of relative minimum temperature (RTMP) during the study period.  For SSC, the number of days was calculated by counting days where at least two consecutive days occurred in the combined dataset of dry tropical, moist tropical + and moist tropical ++ clusters.)
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Figure S7. Comparison of annual dangerous heat wave days identified by selected HHWS triggers (r, Pearson correlation coefficient; minimum temperature: Min TMP; minimum relative temperature: Min RTMP).  
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Figure S8. Comparison of dangerous heat wave days identified by selected HHWS exposure metrics during summer of 1988 in Detroit, MI. (minimum temperature: Min TMP; minimum relative temperature: Min RTMP)   
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SSC

		Date		Y		Index

		5-May-76		1976		0

		7-Jun-76		1976		1

		8-Jun-76		1976		1

		9-Jun-76		1976		1

		10-Jun-76		1976		1

		11-Jun-76		1976		1

		13-Jun-76		1976		1

		14-Jun-76		1976		1

		15-Jun-76		1976		1

		11-Jul-76		1976		0

		14-Jul-76		1976		1

		15-Jul-76		1976		1

		12-Aug-76		1976		0

		22-Aug-76		1976		0

		27-Aug-76		1976		1

		28-Aug-76		1976		1

		31-Aug-76		1976		0

		4-Sep-76		1976		0

		7-Sep-76		1976		1

		8-Sep-76		1976		1

		12-Sep-76		1976		1

		13-Sep-76		1976		1

		6-May-77		1977		0

		13-May-77		1977		0

		16-May-77		1977		1

		17-May-77		1977		1

		18-May-77		1977		1

		20-May-77		1977		1

		21-May-77		1977		1

		23-May-77		1977		1

		24-May-77		1977		1

		27-May-77		1977		1

		28-May-77		1977		1

		17-Jun-77		1977		0

		4-Jul-77		1977		1

		5-Jul-77		1977		1

		6-Jul-77		1977		1

		7-Jul-77		1977		1

		14-Jul-77		1977		1

		15-Jul-77		1977		1

		19-Jul-77		1977		1

		20-Jul-77		1977		1

		27-Aug-77		1977		1

		28-Aug-77		1977		1

		31-Aug-77		1977		0

		19-May-78		1978		0

		27-May-78		1978		1

		28-May-78		1978		1

		29-May-78		1978		1

		20-Jul-78		1978		0

		22-Jul-78		1978		0

		5-Sep-78		1978		1

		6-Sep-78		1978		1

		7-Sep-78		1978		1

		8-Sep-78		1978		1

		20-Sep-78		1978		0

		8-May-79		1979		1

		9-May-79		1979		1

		10-May-79		1979		1

		11-May-79		1979		1

		8-Jun-79		1979		1

		9-Jun-79		1979		1

		4-May-80		1980		1

		5-May-80		1980		1

		28-May-80		1980		0

		15-Jul-80		1980		0

		20-Jul-80		1980		0

		1-Sep-80		1980		0

		21-May-81		1981		1

		22-May-81		1981		1

		14-Jun-81		1981		1

		15-Jun-81		1981		1

		8-Jul-81		1981		1

		9-Jul-81		1981		1

		13-Jul-81		1981		0

		2-May-82		1982		0

		5-May-82		1982		1

		6-May-82		1982		1

		11-May-82		1982		0

		18-May-82		1982		0

		17-Jul-82		1982		0

		4-Aug-82		1982		0

		10-Sep-82		1982		0

		12-Sep-82		1982		1

		13-Sep-82		1982		1

		23-Jun-83		1983		0

		26-Jun-83		1983		0

		3-Jul-83		1983		0

		15-Jul-83		1983		0

		19-Aug-83		1983		0

		28-Aug-83		1983		1

		29-Aug-83		1983		1

		5-Sep-83		1983		1

		6-Sep-83		1983		1

		9-Sep-83		1983		1

		10-Sep-83		1983		1

		19-Sep-83		1983		0

		22-May-84		1984		0

		6-Jun-84		1984		1

		7-Jun-84		1984		1

		8-Jun-84		1984		1

		9-Jun-84		1984		1

		10-Jun-84		1984		1

		13-Jun-84		1984		0

		18-Jun-84		1984		0

		14-Jul-84		1984		0

		23-Jul-84		1984		0

		7-Aug-84		1984		0

		16-Aug-84		1984		0

		22-Sep-84		1984		0

		10-May-85		1985		0

		12-May-85		1985		0

		25-May-85		1985		0

		25-Jul-85		1985		0

		6-Sep-85		1985		1

		7-Sep-85		1985		1

		8-Sep-85		1985		1

		5-May-86		1986		1

		6-May-86		1986		1

		31-May-86		1986		0

		5-Jul-86		1986		0

		7-Jul-86		1986		0

		17-Jul-86		1986		1

		18-Jul-86		1986		1

		19-Jul-86		1986		1

		25-Sep-86		1986		1

		26-Sep-86		1986		1

		28-Sep-86		1986		1

		29-Sep-86		1986		1

		6-May-87		1987		0

		9-May-87		1987		1

		10-May-87		1987		1

		11-May-87		1987		1

		17-May-87		1987		0

		21-May-87		1987		1

		22-May-87		1987		1

		27-May-87		1987		1

		28-May-87		1987		1

		29-May-87		1987		1

		30-May-87		1987		1

		31-May-87		1987		1

		12-Jun-87		1987		0

		14-Jun-87		1987		1

		15-Jun-87		1987		1

		16-Jun-87		1987		1

		8-Jul-87		1987		1

		9-Jul-87		1987		1

		11-Jul-87		1987		1

		12-Jul-87		1987		1

		19-Jul-87		1987		1

		20-Jul-87		1987		1

		25-Jul-87		1987		0

		2-Aug-87		1987		1

		3-Aug-87		1987		1

		13-Aug-87		1987		1

		14-Aug-87		1987		1

		15-Aug-87		1987		1

		16-Aug-87		1987		1

		27-Sep-87		1987		1

		28-Sep-87		1987		1

		1-May-88		1988		0

		6-May-88		1988		0

		8-May-88		1988		0

		27-May-88		1988		1

		28-May-88		1988		1

		29-May-88		1988		1

		30-May-88		1988		1

		31-May-88		1988		1

		1-Jun-88		1988		1

		5-Jun-88		1988		1

		6-Jun-88		1988		1

		7-Jun-88		1988		1

		11-Jun-88		1988		1

		12-Jun-88		1988		1

		13-Jun-88		1988		1

		14-Jun-88		1988		1

		15-Jun-88		1988		1

		19-Jun-88		1988		1

		20-Jun-88		1988		1

		21-Jun-88		1988		1

		22-Jun-88		1988		1

		3-Jul-88		1988		1

		4-Jul-88		1988		1

		5-Jul-88		1988		1

		6-Jul-88		1988		1

		7-Jul-88		1988		1

		8-Jul-88		1988		1

		9-Jul-88		1988		1

		13-Jul-88		1988		0

		15-Jul-88		1988		1

		16-Jul-88		1988		1

		29-Jul-88		1988		0

		1-Aug-88		1988		1

		2-Aug-88		1988		1

		3-Aug-88		1988		1

		4-Aug-88		1988		1

		5-Aug-88		1988		1

		8-Aug-88		1988		0

		10-Aug-88		1988		0

		12-Aug-88		1988		1

		13-Aug-88		1988		1

		14-Aug-88		1988		1

		17-Aug-88		1988		0

		30-May-89		1989		1

		31-May-89		1989		1

		24-Jun-89		1989		0

		26-Jun-89		1989		0

		8-Sep-89		1989		1

		9-Sep-89		1989		1

		15-Jun-90		1990		0

		17-Jun-90		1990		1

		18-Jun-90		1990		1

		4-Jul-90		1990		0

		9-Jul-90		1990		0

		27-Aug-90		1990		1

		28-Aug-90		1990		1

		29-Aug-90		1990		1

		12-May-91		1991		1

		13-May-91		1991		1

		14-May-91		1991		1

		15-May-91		1991		1

		16-May-91		1991		1

		23-May-91		1991		1

		24-May-91		1991		1

		25-May-91		1991		1

		26-May-91		1991		1

		27-May-91		1991		1

		28-May-91		1991		1

		29-May-91		1991		1

		30-May-91		1991		1

		31-May-91		1991		1

		1-Jun-91		1991		1

		15-Jun-91		1991		0

		20-Jun-91		1991		0

		29-Jun-91		1991		0

		7-Jul-91		1991		0

		19-Jul-91		1991		1

		20-Jul-91		1991		1

		21-Jul-91		1991		1

		22-Jul-91		1991		1

		1-Aug-91		1991		1

		2-Aug-91		1991		1

		28-Aug-91		1991		1

		29-Aug-91		1991		1

		30-Aug-91		1991		1

		10-Sep-91		1991		0

		15-Sep-91		1991		1

		16-Sep-91		1991		1

		12-May-92		1992		0

		13-Jun-92		1992		1

		14-Jun-92		1992		1

		6-May-93		1993		0

		9-May-93		1993		1

		10-May-93		1993		1

		11-May-93		1993		1

		18-Jun-93		1993		0

		4-Jul-93		1993		1

		5-Jul-93		1993		1

		6-Jul-93		1993		1

		8-Jul-93		1993		1

		9-Jul-93		1993		1

		24-Aug-93		1993		1

		25-Aug-93		1993		1

		26-Aug-93		1993		1

		27-Aug-93		1993		1

		30-Aug-93		1993		0

		13-Sep-93		1993		1

		14-Sep-93		1993		1

		21-May-94		1994		1

		22-May-94		1994		1

		23-May-94		1994		1

		30-May-94		1994		0

		10-Jun-94		1994		0

		12-Jun-94		1994		0

		14-Jun-94		1994		1

		15-Jun-94		1994		1

		16-Jun-94		1994		1

		17-Jun-94		1994		1

		18-Jun-94		1994		1

		19-Jun-94		1994		1

		21-Jun-94		1994		0

		5-Jul-94		1994		1

		6-Jul-94		1994		1

		7-Jul-94		1994		1

		8-Jul-94		1994		1

		20-Jul-94		1994		0

		13-Sep-94		1994		0

		15-Sep-94		1994		1

		16-Sep-94		1994		1

		19-Sep-94		1994		1

		20-Sep-94		1994		1

		7-Jun-95		1995		0

		18-Jun-95		1995		1

		19-Jun-95		1995		1

		20-Jun-95		1995		1

		22-Jun-95		1995		0

		5-Jul-95		1995		0

		13-Jul-95		1995		1

		14-Jul-95		1995		1

		15-Jul-95		1995		1

		16-Jul-95		1995		1

		28-Jul-95		1995		0

		3-Aug-95		1995		0

		11-Aug-95		1995		1

		12-Aug-95		1995		1

		14-Aug-95		1995		1

		15-Aug-95		1995		1

		16-Aug-95		1995		1

		21-Aug-95		1995		0

		31-Aug-95		1995		0

		5-Sep-95		1995		1

		6-Sep-95		1995		1

		29-Sep-95		1995		0

		18-May-96		1996		1

		19-May-96		1996		1

		20-May-96		1996		1

		29-Jun-96		1996		1

		30-Jun-96		1996		1

		6-Aug-96		1996		1

		7-Aug-96		1996		1

		5-Sep-96		1996		0

		21-Jun-97		1997		0

		24-Jun-97		1997		1

		25-Jun-97		1997		1

		14-Jul-97		1997		0

		26-Jul-97		1997		1

		27-Jul-97		1997		1

		14-May-98		1998		1

		15-May-98		1998		1

		16-May-98		1998		1

		17-May-98		1998		1

		18-May-98		1998		1

		19-May-98		1998		1

		20-May-98		1998		1

		29-May-98		1998		0

		12-Jun-98		1998		0

		21-Jun-98		1998		1

		22-Jun-98		1998		1

		23-Jun-98		1998		1

		24-Jun-98		1998		1

		25-Jun-98		1998		1

		26-Jun-98		1998		1

		28-Jun-98		1998		0

		15-Jul-98		1998		0

		21-Jul-98		1998		0

		7-Aug-98		1998		1

		8-Aug-98		1998		1

		9-Aug-98		1998		1

		24-Aug-98		1998		0

		6-Sep-98		1998		0

		12-Sep-98		1998		0

		20-Sep-98		1998		0

		26-Sep-98		1998		0

		29-Sep-98		1998		0

		1-May-99		1999		1

		2-May-99		1999		1

		3-May-99		1999		1

		4-May-99		1999		1

		17-May-99		1999		0

		28-May-99		1999		0

		30-May-99		1999		0

		6-Jun-99		1999		1

		7-Jun-99		1999		1

		8-Jun-99		1999		1

		10-Jun-99		1999		1

		11-Jun-99		1999		1

		12-Jun-99		1999		1

		24-Jun-99		1999		0

		27-Jun-99		1999		1

		28-Jun-99		1999		1

		3-Jul-99		1999		1

		4-Jul-99		1999		1

		5-Jul-99		1999		1

		22-Jul-99		1999		0

		24-Jul-99		1999		0

		30-Jul-99		1999		0

		4-Sep-99		1999		0

		12-Sep-99		1999		0

		19-Sep-99		1999		0

		23-Sep-99		1999		0

		26-Sep-99		1999		1

		27-Sep-99		1999		1

		28-Sep-99		1999		1

		5-May-00		2000		1

		6-May-00		2000		1

		7-May-00		2000		1

		8-May-00		2000		1

		9-May-00		2000		1

		12-May-00		2000		0

		1-Jun-00		2000		0

		9-Jun-00		2000		1

		10-Jun-00		2000		1

		11-Jun-00		2000		1

		1-May-01		2001		1

		2-May-01		2001		1

		3-May-01		2001		1

		11-May-01		2001		0

		17-May-01		2001		0

		13-Jun-01		2001		1

		14-Jun-01		2001		1

		15-Jun-01		2001		1

		19-Jun-01		2001		0

		15-Jul-01		2001		0

		23-Jul-01		2001		1

		24-Jul-01		2001		1

		4-Aug-01		2001		0

		6-Aug-01		2001		1

		7-Aug-01		2001		1

		8-Aug-01		2001		1

		9-Aug-01		2001		1

		7-Sep-01		2001		1

		8-Sep-01		2001		1

		31-May-02		2002		1

		1-Jun-02		2002		1

		11-Jun-02		2002		1

		12-Jun-02		2002		1

		23-Jun-02		2002		1

		24-Jun-02		2002		1

		25-Jun-02		2002		1

		26-Jun-02		2002		1

		30-Jun-02		2002		1

		1-Jul-02		2002		1

		2-Jul-02		2002		1

		3-Jul-02		2002		1

		4-Jul-02		2002		1

		8-Jul-02		2002		0

		15-Jul-02		2002		1

		16-Jul-02		2002		1

		17-Jul-02		2002		1

		22-Jul-02		2002		0

		28-Jul-02		2002		0

		1-Aug-02		2002		0

		7-Sep-02		2002		1

		8-Sep-02		2002		1

		9-Sep-02		2002		1

		10-Sep-02		2002		1

		17-Sep-02		2002		0

		19-Sep-02		2002		0

		26-Aug-03		2003		0

		10-May-04		2004		1

		11-May-04		2004		1

		12-May-04		2004		1

		13-May-04		2004		1

		14-May-04		2004		1

		18-May-04		2004		0

		22-May-04		2004		1

		23-May-04		2004		1

		8-Jun-04		2004		1

		9-Jun-04		2004		1

		22-Sep-04		2004		1

		23-Sep-04		2004		1

		9-May-05		2005		1

		10-May-05		2005		1

		5-Jun-05		2005		0

		7-Jun-05		2005		1

		8-Jun-05		2005		1

		9-Jun-05		2005		1

		10-Jun-05		2005		1

		11-Jun-05		2005		1

		12-Jun-05		2005		1

		13-Jun-05		2005		1

		14-Jun-05		2005		1

		24-Jun-05		2005		1

		25-Jun-05		2005		1

		26-Jun-05		2005		1

		27-Jun-05		2005		1

		28-Jun-05		2005		1

		25-Jul-05		2005		0

		11-Sep-05		2005		1

		12-Sep-05		2005		1

		13-Sep-05		2005		1

		21-Sep-05		2005		0

		28-May-06		2006		1

		29-May-06		2006		1

		30-May-06		2006		1

		31-May-06		2006		1

		5-Jun-06		2006		0

		16-Jun-06		2006		1

		17-Jun-06		2006		1

		18-Jun-06		2006		1

		1-Jul-06		2006		0

		16-Jul-06		2006		1

		17-Jul-06		2006		1

		29-Jul-06		2006		0

		31-Jul-06		2006		1

		1-Aug-06		2006		1

		2-Aug-06		2006		1






_1371474861.unknown

_1371474664.unknown

_1371474684.unknown

