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Introduction

In 2000 the Federal Railroad Administration (FRA) announced that the years 1993 to 1999 were the safest years for rail-related accidents. Its report specifically cited decreases in fatalities related to accidents and to incidents involving trains colliding into road vehicles (U.S. Department of Transportation, 2000). This project sought to see if the FRA’s assertions could also apply to the number of track-related train derailments on main lines in a time frame that somehow encompassed the years between 1993 and 1999. It also sought to see if changes in such incidents were uniform across the different regions and track types as classified by the FRA. This study found that changes in railroad safety surrounding track-related main line derailments (simply referred to as “derailments”) were not uniform among regions and track types. It found that there were significant decrease in derailments within the selected time frame that encompassed the years between 1993 and 1999, which ran between 1985 and 2004. It also found that there is a pattern among train safety incidents, and it followed a decreasing linear function. It could therefore be concluded that although there was an overall improvement in railroad safety, some regions and track classes made more progress than others.
Questions

Since the areas of interest concerned taking a closer look at the trends in derailment statistics between 1985 and 2004 (it was decided that the study would specifically focus on this range), questions specifically focused on the data for that time frame. The first question tried to determine whether or not the change was uniform across regions and track classes as defined by the FRA. If it wasn’t, it could imply that over the years there was more focus on improving a specific region or a specific track type. Another question asked whether or not the nation as a whole made significant progress in terms of track condition-related derailments on mainlines. Finally, the study tried to determine if it is possible to create a model to predict the number of derailments in the future, namely if it follows a Poisson distribution, a linear function, or something completely different.
Methodology

For measuring the uniformity of derailment trends across regions and track classes, the best means for measuring this was to convert the information into proportions and then perform a two-proportion hypothesis test. Each region and track class represented a certain portion of derailment (region and track class were not measured together). So for the time between 1985 and 1994 and between 1995 and 2004, the aforementioned process was performed. The critical α-level was 0.05, or z = ±1.96.

For measuring whether or not the overall data between 1985 and 2004 showed significant change, it was decided that a two-sample t-test would be the means to analyze the information. The two samples would denote the number of derailments between 1985 and 1994 and between 1995 and 2004. The advantage of this test was that it dealt with very small sample sizes (10 each) and that the distribution of the data is not known (if it were possible to use more actual numbers and they showed a normal distribution, a two-sample z-test would have been feasible). Much of the 1985-1994 range encompassed relatively little of the years that showed allegedly major changes, while the data for 1995-2004 contained the time where safety supposedly improved. This made the two-sample t-test for those ranges possible. The critical α-level was 0.05. For this α-level at 18 degrees of freedom, the appropriate t-score was approximately -1.7341.

After these tests, the next step would be to try to model the trend. It could be possible to do one of two things. One of them would be to determine if the data, when plot onto a chart, shows a linear trend. This would be done through regression analysis, and if the r-value, which measures the strength of the correlation, is fairly high, there would be reason to consider change at a non-zero constant rate. Another approach would be to try to determine if the data were behaving in a way such that predictions for derailments could be made from a Poisson distribution. Since the expected value of the variance would equal the expected value (the mean) in a Poisson distribution, it would be possible to create a confidence interval of variances and see if the mean falls within that range. A 95% confidence interval was selected.
Organizing the Data

Of particular interest was the data for between 1980 and 2005, which would safely encompass all of the years that the FRA cited as the safest years for railroads (U.S. Department of Transportation, 2000). Since the FRA data set contains derailment information as far back as 1975, it was possible to plot the grand total number of incidents between then and 2005. The resultant graph is presented in the following page:
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Obviously, it would take further measures to analyze the data prior to 1985, but the plot still offers much information. It is noteworthy that between 1975 and 1980 the average number of derailments was approximately 1900, while from 1985 on the mean frequency of incidents is around the 300s (in fact, from 1985 to 2004 the figure was at 340). It is clear that there have been significant changes in accidents for data prior to 1985 and data afterwards. At the same time, the area after 1985, where the alignment of points seems (but a closer look is needed to confirm that) flat, is worth studying more closely. It would be interesting to see if there were significant changes in track-related safety in those years. Thus, it is reasonable to establish the years 1985 to 2004 as the data range. The next page shows how the data appears:

[image: image2]
The horizontal axis denotes years, while the vertical axis represents the number of derailments

Obviously, there is pattern among these years (as there was if the pre-1985 data was included) that does not implies a constant rate of accidents, which means that what the initial graphs (from 1975 to 2005) does not accurately portray the figures for after 1985. Clearly, there is something to more closely examine in this time frame. Below is the data for these years, but divided by Region (straddles two pages):
	Year
	Region 1
	Region 2
	Region 3
	Region 4
	Region 5
	Region 6
	Region 7
	Region 8

	1985
	30
	58
	51
	48
	98
	91
	34
	52

	1986
	14
	52
	52
	58
	74
	62
	27
	44

	1987
	28
	61
	59
	72
	65
	54
	23
	51

	1988
	17
	37
	47
	62
	50
	87
	24
	43

	1989
	10
	44
	61
	70
	64
	59
	16
	44

	1990
	24
	24
	52
	74
	56
	64
	21
	50

	1991
	13
	30
	37
	63
	58
	54
	27
	72

	1992
	12
	23
	30
	51
	58
	31
	20
	46

	1993
	16
	28
	47
	60
	63
	55
	12
	48

	1994
	9
	24
	46
	54
	32
	66
	25
	62

	1995
	9
	19
	36
	45
	49
	60
	16
	59

	1996
	15
	31
	44
	42
	41
	67
	22
	57

	1997
	15
	27
	35
	53
	49
	69
	17
	53

	1998
	6
	35
	57
	39
	63
	56
	18
	38

	1999
	16
	25
	39
	49
	60
	65
	19
	33

	2000
	11
	42
	60
	37
	50
	70
	18
	36

	2001
	19
	32
	48
	57
	64
	78
	21
	38

	2002
	7
	32
	38
	38
	55
	53
	28
	35

	2003
	12
	53
	50
	31
	67
	67
	16
	34

	2004
	12
	40
	44
	26
	63
	68
	26
	46


Key to table:

	Region
	States Represented

	Region 1
	Connecticut, Maine, Massachusetts, New Hampshire, New Jersey, New York, parts of Pennsylvania, Rhode Island, and Vermont

	Region 2
	Delaware, District of Columbia, Maryland, parts of New Jersey, Ohio, parts of Pennsylvania, Virginia, and West Virginia

	Region 3
	Alabama, Florida, Georgia, Kentucky, Mississippi, North Carolina, South Carolina, and Tennessee

	Region 4
	Parts of Illinois, Indiana, Michigan, Minnesota, and Wisconsin

	Region 5
	Arkansas, Louisiana, New Mexico, Oklahoma, and Texas

	Region 6
	Colorado, parts of Illinois, Iowa, Kansas, Missouri, Nebraska, and parts of Wyoming

	Region 7
	Arizona, California, Hawaii, Nevada, and Utah

	Region 8
	Alaska, Idaho, Montana, North Dakota, Oregon, South Dakota, Washington, and parts of Wyoming


Below is the data for Track Classes (straddles two pages):
	Year
	Class 1
	Class 2
	Class 3
	Class 4
	Class 5
	Class 6

	1985
	99
	132
	121
	70
	5
	0

	1986
	130
	119
	88
	48
	1
	0

	1987
	110
	116
	96
	55
	4
	1

	1988
	123
	114
	75
	62
	8
	0

	1989
	87
	96
	111
	51
	7
	1

	1990
	110
	100
	100
	36
	2
	0

	1991
	96
	106
	62
	54
	11
	0

	1992
	74
	82
	57
	17
	9
	1

	1993
	79
	111
	66
	49
	3
	0

	1994
	65
	107
	51
	59
	3
	0

	1995
	56
	98
	61
	51
	9
	0

	1996
	61
	107
	59
	61
	14
	0

	1997
	77
	100
	64
	59
	7
	0

	1998
	65
	96
	71
	52
	7
	1

	1999
	65
	97
	62
	50
	16
	0

	2000
	60
	100
	73
	58
	11
	0

	2001
	88
	95
	65
	72
	12
	0

	2002
	70
	56
	62
	59
	17
	0

	2003
	84
	89
	71
	62
	11
	0

	2004
	94
	77
	56
	59
	9
	0


Key to table:
	Class
	Maximum Speed

	Class 1
	10mph (freight), 15mph (passenger)

	Class 2
	25mph (freight), 30mph (passenger)

	Class 3
	40mph (freight), 60mph (passenger)

	Class 4
	60mph (freight), 80mph (passenger)

	Class 5
	80mph (freight), 90mph (passenger)

	Class 6
	110 mph (all)

	Class 7 (No data):
	125mph (all)

	Class 8 (No data):
	160mph (all)

	Class 9 (Nonexistent):
	200mph (all)


Not Reported: Class X: Only freight trains can use these, so these are not main lines. Also not documented were cases where the track class was not documented.
Results
The Two-Proportion z-tests:
From a distance (see graph on following page), it would seem that each region had a more or less uniform share of train derailments (each color represents a different region):
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Upon closer inspection, however, the two-proportion z-tests revealed something very different. The general equation went as follows:
x = number of derailments for a certain region within a certain region 1995-2004

n = derailments for all regions 1995-2004

y = number of derailments for that regions within a certain region 1985-1994

m = derailments for all regions 1985-1994

p = (x + y)/(n + m)

z = (x/n – y/m)/sqrt((p(1 – p))(1/n + 1/m))

For Each Region:
H[0]: p[1995-2004 data for a given region] = p[1985-1994 data for a given region]; 
H[a]: p[1995-2004 data for a given region] ≠ p[1985-1994 data for a given region];

(“p” denotes proportion)

α = 0.05 (z = ±1.96)

Example: Region 1:

x = 122; n = 3170; y = 173; m = 3680; (all of these figures came from summing the
individual data for each set of ten years) 
p = (122 + 173)/(3170 + 3680);
z = (122/3170 – 173/3680)/((p(1 – p))(1/3170 + 1/3680)) ≈ -1.7330
This z is more than the z-score for the α-level, so there was no significant change in
proportion for Region 1 across each set of ten years
As seen in the tables below, Region 4 (z = -4.0147) showed a significant decrease in its share of derailments over time, while Region 6 (z = 3.8901) had a worse proportion of incidents. These exceeded the α-level of ±1.96. This shows that the share of derailments has not been necessarily uniform and that Region 4 obviously did better, while Region 6 fared worse. The table below shows a summary of the findings.
	Region
	1995-2004 Proportion
	1985-1994 Proportion
	z-score
	Significant?

	1
	122/3170
	173/3680
	-1.7330
	No

	2
	336/3170
	381/3680
	0.3318
	No

	3
	451/3170
	482/3680
	1.3587
	No

	4
	417/3170
	612/3680
	-4.0147
	Yes

	5
	561/3170
	618/3680
	0.9879
	No

	6
	653/3170
	623/3680
	3.8901
	Yes

	7
	201/3170
	229/3680
	0.2005
	No

	8
	429/3170
	512/3680
	-0.4554
	No


Track Classes also seemed to show uniformity on a year-by-year basis:
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In terms of track class, the changes were even less uniform than were those in region. The equation went as follows (continues on following page):
x = number of derailments for a certain track class within a certain region 1995-2004
n = derailments for all track classes 1995-2004
y = number of derailments for that track class within a certain region 1985-1994

m = derailments for all track classes 1985-1994

p = (x + y)/(n + m)

z = (x/n – y/m)/sqrt((p(1 – p))(1/n + 1/m))
For Each Class:
H[0]: p[1995-2004 data for a given class] = p[1985-1994 data for a given class]; 
H[a]: p[1995-2004 data for a given class] ≠ p[1985-1994 data for a given class];

(“p” denotes proportion)

α = 0.05 (z = ±1.96)

Example: Class 1:

x = 720; n = 2976; y = 973; m = 3440; (all of these figures came from summing the
individual data for each set of ten years) 

p = (720 + 973)/(2976 + 3440);

z = (720/2976 – 973/3440)/((p(1 – p))(1/2976 + 1/3440)) ≈ -3.7081
This z is less than the z-score for the α-level, so there was significant change in
proportion for Class 1 tracks across each set of ten years

Below are the findings in terms of track class:

	Class
	1995-2004 Proportion
	1985-1994 Proportion
	z-score
	Significant?

	1
	720/2976
	973/3440
	-3.7081
	Yes

	2
	915/2976
	1083/3440
	-0.6354
	No

	3
	644/2976
	827/3440
	-2.2815
	Yes

	4
	583/2976
	501/3440
	5.3580
	Yes

	5
	113/2976
	53/3440
	5.6773
	Yes

	6
	1/2976
	3/3440
	-0.8579
	No


Obviously, Track Classes 1 (z = -3.7081) and 3 (z = -2.2815) show a significant decrease in the proportion of train incidents, and Track Classes 4 (z = 5.3580) and 5 (z = 5.6773). It is interesting to note that among some of the higher track classes, which have stricter standards because trains travel faster on those stretches, the proportion has increased while the vice versa is true for some of the lower track classes. It might be possible that more emphasis is being put on weaker track, that there is increased transportation volume on tracks where trains run faster, or some other factor is responsible for this. But the answer is clear: the change was not uniform across the country. 
The Two-Sample t-tests:

For the calculations:
H[0]: µ[1995-2004 data] = µ[1985-1994 data]
H[a]: µ[1995-2004 data] < µ[1985-1994 data]
µ[1995-2004 data] = 317; µ[1985-1994 data] = 363
s[p]= sqrt(14021/9) = sqrt((24472 + 3570)/(9 + 9))
Degrees of Freedom = 18

t [α, 18] ≈ -1.7341 for α = 0.05
t = (317 – 363)/sqrt((2/10)(14021/9)) ≈ -5.83
As seen from the above calculations, since the t-score was lower than the critical t-value, the null hypothesis must be rejected, and that by all likelihood there are fewer derailments in general. One can therefore conclude that the country’s track conditions have improved greatly over the years, and the FRA’s assertions are true for derailments.
The Linear Model: The chart on the following page shows the regression coefficient and the line that best fits the data.
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The R^2 value is about 0.4328, which means that there is a somewhat strong relationship between time and the number of derailments, which again support the results from the two-sample t-test. This helps to offer some legitimacy to assert that there is a linear decrease over the years (even if 1985 is set as year 0, the slope would be the same, but the intercept would be at about 392.64). It implies that with each passing year, there are about 5 fewer train derailments. The following page offers the residual analysis, which doesn’t really show a strong pattern, so a linear model can be seen as being accurate.
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In addition, there was the test to see if the variance was likely to be consistent with the mean. The following equation was used:
(n – 1) = 19; s² = 2.0327 x (10^3); degrees of freedom = 19
χ² = 8.907 for lower 2.5 percentile; χ² = 32.852 for upper 2.5 percentile

General equation for defining each bound of 95% confidence interval for σ²:


((n – 1) * s²)/χ²
The equation produced an interval between about 1176 (more precisely about 1175.614879) and 4336 (more precisely about 4336.061525). Since this was not equal to the grand mean for the time frame (as previously mentioned, 340), accidents are not occurring at a constant rate, so a Poisson distribution does not explain the data well. This fact also shows that there is more yearly variation than what one would expect from a Poisson distribution and that good and bad years seem to happen at random. This is a reason enough to believe that it doesn’t make sense to talk of an annual accident rate.
Conclusions and Discussion
The study successfully managed to answer questions regarding uniformity and significance, as well as provide a model regarding derailment statistics between 1985 and 2004. It has shown that to a large extent the changes amongst the Regions and the Track Classes were not uniform. Although 6 of the 8 Regions did not see significant changes in their share of derailments, one Region showed significant increase (a large portion of the Midwest), while another one (Region 4, also in the Midwest) showed a decrease in its proportion of incidents. A future study might attempt to understand the dynamics of how railroads and tracks are managed in this part of the U.S. As for Track Classes, 6 of the 8 types showed significant changes, for which Classes 1 and 3 (altogether, trains travel less than 60mph) showed significant decrease and Classes 4 and 5 (altogether 60-90mph range) showing significant increase. A future study should compare general policy towards ownership and management of different track types to see whether emphasis is being placed on improving track quality for certain stretches of track.

As for whether or not there was a significant change some time in the 1990s, it was determined that 1995-2004 was significantly safer than 1985-1994. This suggests that improvements in track safety were also included in the general downward trend for all train-related accidents between 1993 and 1999. Indeed, a linear relationship showing a downward trend seems to represent the little data currently available. Speaking of an annual rate of accidents (a constant number each year) also does not make sense because of the existence of a downward trend.

The next step can involve several different studies. One might entail waiting a few more years to acquire more data to see if the trends detected in this study continue to hold true into the future. Another study could compare derailment rates by train corridors and see whether or not high-volume routes are significantly different from those that aren’t so heavily used, and find the subsequent policy implications for railroad safety. Generally, speaking, a future study should await more data, compare tracks through other means of classifications, or both.
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