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1.  Summary and Conclusions
From the time series plots we see that the injury series appear quite highly correlated with a strong seasonal component.  Due to the high degree of autocorrelation that is evident, the Mann-Kendall trend tests are not recommended.  Instead we show a loess smooth trend in each time series plot.  
For the Saskatchewan variables we show the complete seasonal decomposition into components of trend, seasonal and residual.
There is not much apparent difference in the shape of the plots in using the injury rate per 100,000 or just using the injury variable unadjusted.  In the statistical models we shall use the rate variable.
Overall it is evident from the plots that the injury time series have a more complex time series structure than the fatality series.  Essentially this means that there is less information contained in this type of time series about the possible effect of an intervention.  

Because of the strong seasonal effects and the possibility that the intervention may have a different effect depending on the time of year, I decided it would be good to look at multi-panel displays showing the time series for each month in a separate panel.  This was done for each of the rate series: rtotal, ralcinvol, rsmnt, rsmnt1 and rsmnt2.
rtotal
Decreasing trend in SK but increasing in AB.  The trend is very small though since 1996.

Strong increasing trend in November to March and decreasing trend May to August.  September and October are consistently high.  January has the largest increasing trend.  The monthly time series plot  shows some injuries rates are less after Aug 96 and some increase – it is not likely to be statistically significant.
ralcinvol
Decreasing trend in SK but increasing in AB.  Worst months are May to October.  May-June also high but the trend is downward in these months.  Jan-Feb are the lowest but the trend is upward.  The month plot suggests a sharp decrease in Sept after the 96 intervention and also in Nov but in other months there is no evidence of an intervention effect.
rsynm
AB has initial downward trend followed by upward trend, so overall no much change.  The initial downward trend in SK is similar to that in AB but instead of being followed by an upward trend there is a small downward trend.  Seasonal amplitude is decreasing most the trough is rising but the peak is also diminishing.  Note small spike in seasonal component every October.  The monthly time series plot shows that in some months there is a decrease and in other months an increase.  I don’t think overall that there is a statistically significant intervention effect.
rsynmt1
Overall the loess trend suggests little change after 1996.  STL trend component shows little change – perhaps a slight increase.  But this trend component is confounded with the changes in the seasonal component.  The seasonal component shows a decreasing amplitude.  There are two peaks due to August being quite low.  Remarkable decrease in June one of the worst months overall.  Small increases in Jan-March and Nov.  The monthly time series plot shows there is a dramatic decrease after the intervention in 96 for the September series.
rsynmt2
Loess trend suggests a sharp downward trend which levels off is suggested. Little change in the worst two months, August and October.  Improvement in May-Jun-Jul but worse in Jan-Feb.  September is consistently smaller than August or October.  October is consistently the worst month.  There is no evidence of an intervention effect in the monthly time series plots.
Since it is known that there are fewer automobile accidents when the unemployment rate is high, I examined plots for the variables series: rtotal, ralcinvol, rsmnt, rsmnt1 and rsmnt2 after regression on the variable unemploy.  These residual (adjusted) variables are denoted by: atotal, aalcinvol, asmnt, asmnt1 and asmnt2.  Time series plots for the monthly values of these variables were also examined.  See: atotal, aalcinvol, asmnt, asmnt1 and asmnt2.  From these plots there is a strong suggestion that the variables alcinvol and smnt1 both experienced a decline in the September values after the intervention in 1996.  Since this effect was observed after looking at all the plots, I am uncertain if it is statistically significant.  
Overall the exploratory analysis suggests that there is no evidence of an effect due to the intervention in 1996.
2.  Variables

(a)   total (rate total)

Time Series Plot and Loess Trend

The trend is up in AB but down in SK.  It is evident that the time series has strong seasonality and is strongly autocorrelated.  It is obvious that a SARIMA component in the model will be needed.
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Seasonal-Trend-Loess Decomposition

Note the odd spike effect that occurs every December in the seasonal component (see panel labelled seasonal).  This spike effect can also be seen on the monthplot shown on the next page.
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Monthplot of the Seasonal Component

Strong increasing trend in November to March and decreasing trend May to August.
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(b)   alcinvol (alcohol involved)

Time Series Plot and Loess Trend

Monotonic downward trend in SK.  In AB trend initially declined but this was followed by a slight rise.
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Seasonal-Trend-Loess Decomposition

Here the trend component levels off in August 1996 but then slowly declines.  The trough of the seasonal has gone up but the peak remains.

[image: image5.wmf]20

40

60

80

alcinvol Injuries

35

40

45

50

55

60

65

trend

-20

-10

0

10

seasonal

-20

-10

0

10

20

residual

1990

1995

2000

time

dotted line, August 1996

STL Decomposition:  SK alcinvol Injuries


Monthplot of the Seasonal Component

Worst months are August, September and October.  May-June also high but the trend is downward in these months.
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(c)   svnm (single vehicle, 9pm-6am, male)

Time Series Plot and Loess Trend

AB has initial downward trend followed by upward trend, so overall no much change.  The initial downward trend in SK is similar but instead of being followed by an upward trend there is a small downward trend.
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Seasonal-Trend-Loess Decomposition

Seasonal amplitude is decreasing.  Note small spike in seasonal component every October.
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Monthplot of the Seasonal Component

Worst month is October and there is little change in this month.  June-July is also bad but there has been a decline.  Jan-Feb are best months but there has been an increase.
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(d)   svnmt1 (single vehicle, 9pm-11:59pm, male)
Time Series Plot and Loess Trend

The real behaviour of the trend terms is better shown in the STL decomposition which removes the effect of seasonal changes.

[image: image10.wmf]5

10

15

20

25

1987

1989

1991

1993

1995

1997

1999

2001

August 96

year

svnmt1 Injuries, SK


Seasonal-Trend-Loess Decomposition

STL trend component indicates an increase after 1996.
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Monthplot of the Seasonal Component

Remarkable decrease in July one of the worst months overall.  Small increases in Jan-March and Nov.
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(e)   svnmt2 (single vehicle, 12a,-6am, male)
Time Series Plot and Loess Trend

Sharp downward trend which levels off is suggested.
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Seasonal-Trend-Loess Decomposition

Trend levels off and slightly increases.  Seasonal minimum has increased but no decrease in seasonal maximum.
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Monthplot of the Seasonal Component

Little change in the worst two months, August and October.  Improvement in May-Jun-Jul but worse in Jan-Feb.
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(f)   rtotal (rate total per 100,000 licensed drivers)

Jan  Feb  Mar  Apr  May  Jun  Jul  Aug  Sep  Oct  Nov  Dec

1987: 45.1 53.3 50.8 56.8 78.1 82.6 71.7 76.9 68.1 70.6 62.9 64.0

1988: 49.6 52.4 49.9 54.2 67.0 84.9 75.7 72.9 74.4 72.7 59.5 61.5

1989: 56.0 53.0 54.4 45.8 62.7 73.1 74.7 71.2 64.8 66.9 60.0 63.2

1990: 54.7 54.2 51.0 35.9 56.5 70.5 66.7 68.4 68.1 64.5 53.4 57.5

1991: 45.4 54.3 53.1 47.4 60.8 66.1 65.6 69.7 62.6 73.6 48.5 56.7

1992: 47.5 52.8 40.9 47.2 62.9 59.5 63.4 65.7 70.0 65.1 64.5 66.7

1993: 57.9 42.1 47.5 44.6 64.6 71.9 68.8 75.9 72.5 70.8 65.4 63.5

1994: 64.0 53.7 53.3 45.2 59.5 73.6 69.7 59.8 73.1 72.5 61.5 78.7

1995: 50.3 48.0 49.7 44.5 50.5 65.0 67.0 61.0 61.3 59.1 54.5 59.6

1996: 45.3 56.6 37.1 37.3 44.0 51.8 57.6 56.6 56.8 60.3 53.7 59.7

1997: 49.3 49.3 63.6 43.6 49.2 56.8 54.3 63.7 64.5 59.8 59.2 62.1

1998: 54.6 45.0 40.4 43.0 53.4 55.2 55.5 61.4 63.5 61.0 59.0 61.0

1999: 64.9 55.4 60.1 43.9 59.3 63.4 59.2 62.9 63.8 64.3 62.6 67.7

2000: 63.9 44.6 49.1 50.6 56.9 61.2 60.6 65.6 69.2 67.7 60.6 64.8

2001: 55.0 45.1 48.8 39.8 49.9 52.9 54.8 60.8 60.1 61.3 58.1 54.1
Time Series Plot and Loess Trend

The trend is up in AB but down in SK. 
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Seasonal-Trend-Loess Decomposition

Note the odd spike effect that occurs every December in the seasonal component (see panel labelled seasonal).  This spike effect can also be seen on the monthplot shown on the next page.
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Monthplot of the Seasonal Component

Strong increasing trend in November to March and decreasing trend May to August.  September and October are consistently high.  January has the largest increasing trend.
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Time Series Plots by Month: total
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Residual Time Series Plot by Month
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(g)  ralcinvol (rate alcinvol per 100,000 licensed drivers)
        Jan  Feb  Mar  Apr  May  Jun  Jul  Aug  Sep  Oct  Nov  Dec

1987:  4.6  6.6  7.4  9.2 12.6  9.8 10.4 10.7 10.9 12.9 11.2  8.3

1988:  5.6  4.2  8.3 10.7 11.0 14.8  9.0  9.0 12.2 13.9  6.0  8.3

1989:  7.5  3.8  8.2  7.4 10.4  9.9 11.0 12.6  8.6  8.5  7.2  9.1

1990:  5.0  3.6  6.0  6.3  6.9  9.2  9.1  8.1  8.6  8.3  7.0  5.5

1991:  3.6  4.7  6.3  6.9  9.6 10.2  9.7 12.1  8.6  9.3  4.1  5.0

1992:  3.1  3.0  4.4  6.1 10.0  8.9 10.5 10.0  8.6  8.3 10.1  5.6

1993:  4.2  3.6  5.7  5.0  9.5  7.3  7.8 10.7  9.3  7.6  7.0  6.2

1994:  2.2  3.4  3.9  5.7  8.4  9.1  8.7  8.1 10.7 11.2  7.4  6.5

1995:  3.2  3.1  5.1  5.9  5.2  7.7  8.2  7.6  7.7  7.3  3.9  3.6

1996:  2.3  4.9  4.1  3.7  4.9  5.8  6.7  6.6  7.9  6.3  6.3  3.8

1997:  2.4  2.3  4.2  4.6  5.3  5.9  5.3  8.2  8.0 10.0  6.4  7.4

1998:  3.5  3.3  4.4  6.6  6.5  6.3  7.1  7.4  9.5  5.6  6.6  4.8

1999:  3.7  2.7  4.0  4.9  6.1  6.0  6.0  7.9  6.7  8.4  6.6  5.7

2000:  4.4  3.3  4.1  6.2  7.8  5.9  6.9  9.2  4.5 10.7  5.3  3.2

2001:  3.3  3.2  4.1  3.8  4.7  3.8  5.1  7.2  4.7  7.7  4.4  4.4

Time Series Plot and Loess Trend

Trend is consistently downward in SK but not AB.  Slope decreased a little from 1987 to about 1995.  From 1995 to the present the downward slope is very slight.
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Seasonal-Trend-Loess Decomposition

Here the trend component levels off then slowly declines.  The trough of the seasonal has gone up but the peak remains.
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Monthplot of the Seasonal Component

Worst months are May to October.  May-June also high but the trend is downward in these months.  Jan-Feb are the lowest but the trend is upward.
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Time Series Plots by Month
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Residual Time Series Plot by Month
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(h)  rsvnm (rate svnm per 100,000 licensed drivers)

        Jan  Feb  Mar  Apr  May  Jun  Jul  Aug  Sep  Oct  Nov  Dec

1987:  3.5  4.6  5.2  6.1  8.3  9.4  7.5  6.9  7.8  7.2  7.4  6.3

1988:  3.9  2.8  5.7  7.9  6.2 11.4  9.6  9.1  8.5  8.3  5.9  7.0

1989:  3.7  2.6  6.7  3.8  7.2  7.8  9.3  8.0  7.0  7.7  5.9  4.3

1990:  4.7  3.0  4.2  3.9  4.9  9.2  5.8  5.3  7.7  6.9  4.7  3.4

1991:  2.0  2.8  3.9  5.5  6.9  7.7  6.4  7.4  6.1  6.0  2.7  3.6

1992:  3.3  1.2  2.2  4.1  7.3  6.2  7.0  6.2  5.3  7.3  6.9  3.0

1993:  2.8  2.3  2.5  3.6  5.0  6.1  6.5  7.5  4.8  7.0  4.3  5.3

1994:  1.7  4.0  3.4  4.2  5.0  4.6  5.6  4.2  6.8  5.9  6.5  5.7

1995:  3.4  4.8  3.9  4.8  3.6  4.8  6.3  5.2  5.1  4.8  3.2  2.9

1996:  1.7  3.2  3.7  2.6  3.5  6.0  4.7  4.0  4.1  5.6  4.4  2.3

1997:  2.7  2.0  3.5  3.5  2.9  3.6  3.9  6.2  6.2  7.3  4.4  3.6

1998:  3.8  3.5  3.2  3.2  5.4  5.0  4.8  4.2  5.3  3.9  5.0  3.6

1999:  2.7  2.5  3.6  4.5  4.3  4.5  5.7  6.7  4.9  6.0  6.9  4.8

2000:  3.6  2.6  3.2  4.5  5.6  4.4  3.9  6.5  4.2  5.4  3.8  3.0

2001:  3.9  2.7  3.9  2.4  3.0  3.6  5.7  4.4  4.5  7.4  5.3  5.4

Time Series Plot and Loess Trend

AB has initial downward trend followed by upward trend, so overall no much change.  The initial downward trend in SK is similar to that in AB but instead of being followed by an upward trend there is a small downward trend.
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Seasonal-Trend-Loess Decomposition

Seasonal amplitude is decreasing most the trough is rising but the peak is also diminishing.  Note small spike in seasonal component every October.
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Monthplot of the Seasonal Component

Worst month is October and there is little change in this month.  June-July is also bad but there has been a decline.  Jan-Feb are best months but there has been an increase.
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Time Series Plots by Month
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Residual Time Series Plot by Month
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(i)   rsvnmt1 (rate svnmt1 per 100,000 licensed drivers)

      Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1987: 1.1 1.2 0.6 1.7 2.1 2.9 1.8 2.3 2.1 2.1 1.1 2.6

1988: 1.7 1.2 2.0 3.2 2.3 4.0 3.6 3.4 4.0 3.2 1.9 2.0

1989: 0.8 0.5 1.9 1.3 2.1 3.4 3.2 2.1 1.6 2.6 2.4 1.4

1990: 2.5 1.4 1.6 0.8 1.3 2.8 1.3 1.3 2.2 1.4 1.3 1.4

1991: 1.3 1.4 1.1 1.3 2.5 3.8 2.4 1.6 2.2 1.9 1.1 1.7

1992: 1.2 0.8 0.6 1.7 2.7 3.0 2.8 2.2 1.4 2.3 2.5 1.2

1993: 1.1 0.5 0.6 1.6 2.2 2.3 2.0 2.3 2.2 2.6 1.2 1.6

1994: 0.9 2.0 1.1 1.9 1.5 1.7 3.3 1.5 2.2 1.5 2.6 1.5

1995: 1.4 1.4 1.2 1.4 0.9 1.9 1.5 1.5 2.3 1.2 1.5 1.9

1996: 0.6 1.5 0.9 1.1 1.5 1.5 2.4 1.8 2.7 1.7 2.3 1.4

1997: 0.9 0.8 1.2 0.9 0.9 1.1 1.4 2.0 2.1 2.9 1.1 1.2

1998: 1.4 1.2 1.4 0.6 2.1 1.5 1.8 1.2 2.1 1.2 1.8 1.5

1999: 1.2 0.7 1.8 1.5 1.5 2.1 1.0 2.1 2.4 1.9 2.8 1.3

2000: 1.1 0.8 1.1 1.7 2.4 1.5 1.5 2.3 1.4 1.7 0.6 2.0

2001: 2.6 1.4 1.2 0.8 1.4 2.0 3.3 1.4 1.7 2.3 1.8 1.5

Time Series Plot and Loess Trend

Overall the loess trend suggests little change after 1996.
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Seasonal-Trend-Loess Decomposition

STL trend component shows little change – perhaps a slight increase.  But this trend component is confounded with the changes in the seasonal component.  The seasonal component shows a decreasing amplitude.  There are two peaks due to August being quite low.
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Monthplot of the Seasonal Component

Remarkable decrease in June one of the worst months overall.  Small increases in Jan-March and Nov.
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Time Series Plots by Month
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Residual Time Series Plot by Month
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(j)   rsvnmt2 (rate svnmt2 per 100,000 licensed drivers)
            Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1987: 2.5 3.4 4.6 4.5 6.1 6.4 5.7 4.6 5.7 5.1 6.3 3.7

1988: 2.2 1.5 3.7 4.6 3.9 7.4 6.0 5.7 4.5 5.1 4.0 4.9

1989: 2.9 2.1 4.8 2.6 5.1 4.5 6.1 5.9 5.4 5.1 3.5 2.9

1990: 2.2 1.6 2.7 3.1 3.6 6.4 4.5 4.1 5.5 5.5 3.4 2.0

1991: 0.8 1.4 2.8 4.2 4.4 3.9 4.1 5.8 3.9 4.1 1.6 1.9

1992: 2.0 0.5 1.6 2.3 4.7 3.3 4.2 4.1 3.9 5.0 4.4 1.7

1993: 1.7 1.9 1.9 2.0 2.8 3.7 4.5 5.1 2.6 4.3 3.1 3.7

1994: 0.8 2.0 2.3 2.3 3.4 2.9 2.3 2.6 4.6 4.3 3.9 4.2

1995: 2.0 3.4 2.6 3.4 2.6 2.9 4.8 3.7 2.8 3.6 1.7 1.1

1996: 1.1 1.7 2.7 1.5 2.0 4.4 2.3 2.1 1.4 4.0 2.1 0.9

1997: 1.8 1.2 2.3 2.6 2.0 2.6 2.6 4.2 4.1 4.4 3.3 2.4

1998: 2.4 2.3 1.8 2.6 3.3 3.5 3.0 3.0 3.2 2.7 3.2 2.1

1999: 1.5 1.8 1.8 3.0 2.8 2.4 4.6 4.6 2.5 4.0 4.0 3.4

2000: 2.6 1.8 2.1 2.9 3.2 2.9 2.4 4.2 2.9 3.8 3.2 1.1

2001: 1.4 1.4 2.7 1.7 1.7 1.7 2.4 3.0 2.9 5.1 3.5 3.9

Time Series Plot and Loess Trend

Sharp downward trend which levels off is suggested.
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Seasonal-Trend-Loess Decomposition

Trend levels off and slightly increases.  Seasonal minimum has increased but no decrease in seasonal maximum.  Trend is slightly upward due to being confounded with the seasonal component.
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Monthplot of the Seasonal Component

Little change in the worst two months, August and October.  Improvement in May-Jun-Jul but worse in Jan-Feb.  September is consistently smaller than August or October.  October is consistently the worst month.
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Time Series Plots by Month
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Residual Time Series Plot by Month
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