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Payroll, Claims Paid, and Claims Count
Is there a correlation between payroll and claims paid? Using longitudinal data for the years
between 2003 and 2017, we can investigate the relationship between payroll and number of workers
on one hand and injury claims as either count per year or amount paid on the other.
List of reported variables (from WorkSafeBC):
Year
Payroll
Persons  the estimated number of persons working all year on either part-time or full-time basis.
This number is based on payrolls submitted by employers and on matching wage-rate data.
Claims Paid  the sum of all health-care payments, short term disability (STD) payments, vocational
rehabilitation (VR) payments, long-term disability (LTD) reserves and one-time cash awards, and
survivor benefit reserves and one-time cash awards charged in the year, regardless of the year of
injury.
Work Days Lost  the total number of short-term disability (STD) work days paid in the year
regardless of the year of injury.
Number of Claims  the total number of claims with costs related to at least one of the following
benefits types: short-term disability benefits (STD), long-term disability benefits (LTD), or survival
benefits (Fatal); where the first payment date is within the year.
Number of Serious Claims  the total number of time-loss claims that represent either a serious
medical diagnosis, or a potentially-serious medical diagnosis with a long recovery period of 50+ days
paid (10+ weeks off work). Includes all work-related death claims.

CU 703016: Tree Planting or Cone Picking
Table 1 shows the correlational data for tree planting. The variables are listed along the
columns and the rows; each cell represents the relationship between a pair of variables. A positive
number indicates a positive relationship (as one variable increases so does the other one, or as it
decreases so does the other one); a negative number indicates a negative relationship (as one
variable increases the other one decreases, or vice versa). Correlations which are statistically
significant are indicated by color (blue for positive correlations, red for negative correlations).
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Table 1.

The one relationship that is expected is the positive correlation between payroll and persons.
The number of persons in the data is not an actual count of number of workers; instead, it is an
estimate of this number based on payroll. (In fact, it is a little surprising that the correlation is not
higher than the one observed, 0.65.) If we had an actual count of the number of workers then this
correlation would be informative.
Notably, payroll is not significantly related to any of the other variables, including claims paid
and number of claims. The same is true for claims paid  one might expect that the amount paid in
claims is proportional to the number of claims, number of serious claims, and/or number of work
days lost, but the analysis shows that this is not the case.
In contrast, what we see is a strong positive correlation among the number of workers, the
number of claims, and the number of serious injury claims. Higher number of workers is associated
with higher number of claims. And the years with more STD/LTD/Fatal claims are also the years with
more serious injury claims. In addition, the number of claims is positively related to the number of
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work days lost, though this relationship is not present between work days lost and any of the other
variables. The scatterplots in Figure 1 show the significant correlations.
Figure 1. A.

Figure 1. B.
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Figure 1. C.

Figure 1. D.
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The other notable finding is that year is significantly correlated with all variables other than
payroll and claims paid. The relationship can be seen in Figure 2  over the years, the number of
workers have decreased! As have the number of claims, serious injury claims, and work days lost.
It is possible that the main relationship is between year and number of workers, and the reason
year is also correlated with the claims count variables is because of their relationship to number of
workers (not to year per se). In a regression model predicting year from number of workers, number
of claims, and number of work days lost, each of these factors is significant when considered on its
own (p = .009, p = .0002, and p = .003, respectively) but when considered together even though the
overall model is significant (p = .002), none of the individual factors are (all p > .1), suggesting that
their predictive power is minimized because of their correlation to each other. This is called
collinearity and we can control for it by running a principal component analysis on the correlated
predictors first and then running the regression model on the components extracted.
Indeed, when the analysis is run in this way, it is number of workers as well as number of work
days lost that are still significant predictors of year (PC2 and PC1, p = .01 and p = .0009, respectively)
but not number of claims (PC3, p = .34). This means that even though year is significantly correlated
with a number of related variables, it is only the relationships between year and number of workers
(decreasing) and year and work days lost (also decreasing) that are uniquely informative.
Figure 2. A.
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Figure 2. B.

So what about the number of claims? The results from regression models predicting the
number of claims in the years between 2003 and 2017 indicate that payroll and amount paid in
claims are not significant predictors (p = .46 and p = .56, respectively), but number of workers and
year are (p = .0007 and p = .0002). Those two factors both remain significant even when considered
together (p = .01 and p = .04).
An obvious next question is whether the reason claims are fewer over the years is simply
because the number of workers is smaller. The multiple regression analysis indicates that this is not
the case. To test that further, we can calculate the rate of claims, that is the number of claims
divided by the number of workers for each year, and look at that figure over the years. This is shown
in Figure 3 and it is indeed a significant correlation (p = .009). Importantly, claims rate does not
correlate with payroll or amount paid in claims (p = .31 and p = .83, respectively).
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Figure 3.

We also found a strong relationship between year and number of work days lost, both in the
correlations and in the regression. To disentangle that from number of workers, we calculate the rate
of work days lost, that is the number of work days lost divided by the number of workers. When we
look at that figure, we find no significant correlation with year, claims paid, number of claims, or
number of serious claims (p = .26, p = .76, p = .57, and p = .90), but we do find a significant
relationship with rate of claims (p = .04; shown in Figure 4).
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Figure 4.

In summary, in the tree planting classification unit, we find that according to historical data
covering 15 years, there is no relationship between payroll, claims paid, and number of claims.
Instead, there is are four meaningful significant relationships:
(1) between number of workers and number of claims  higher number of workers is
associated with higher number of claims;
(2) between year and number of workers  fewer and fewer people are working in the tree
planting sector;
(3) between year and rate of claims  the rate of claims (number of claims per person) is
decreasing  perhaps due to better training or fewer novices entering the field; and
(4) between rate of claims and rate of work days lost  lower rates of claims are associated
with lower rates of missed work; similarly, when claim rates are high, so are the rates of missed work.
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CU 703002: Brushing, Weeding, Thinning, Spacing
Table 2 shows the correlational data for brushing.
Table 2.

In this classification unit, we see the same negative relationship between year and number of
workers as we saw in tree planting, which is then further observed in the correlation between year
and number of claims, number of serious claims, and work days lost. The results from the regression
analysis mirrored those seen for tree planting  only number of workers and number of work days
lost are significant predictors of year when all variables are considered together and collinearity is
removed (by running PCA on the correlated variables first). And even though in this CU year is also
negatively related to payroll this correlation is simply a by-product of the relationship between year
and number of workers (and payroll and number of workers). When payroll is considered as predictor
of year in the regression analysis, its contribution is insignificant. Figure 5 shows the informative
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negative correlations. The take-away message is the same as for tree planting: fewer and fewer
workers are engaging in this sector.
Figure 5. A.

Figure 5. B.
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Notably, again there is no relationship between payroll and claims paid.
We also see a close positive relationship among number of workers, number of claims, number
of serious claims, and work days lost like we saw in tree planting (Figure 6). However, the results are a
little different for this CU as claims paid here did correlate with the number of claims and the number
of serious claims which it did not for tree planting.

Figure 6. A.
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Figure 6. B.

Figure 6. C.
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Figure 6. D.

Figure 6. E.
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Figure 6. F.

Figure 6. G.
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The regression analyses for number of claims in brushing between 2003 and 2017 indicate that
both year and number of workers are significant predictors on their own (p < .0005 and p = .01,
respectively); though when considered together only year remains significant (p = .002, while p = .43
for persons). Similarly, even though amount paid in claims is significant when entered as the sole
predictor of number of claims (p = .03), it loses its predictive power (p = .28) when considered
together with year and number of workers, leaving year as the single reliable predictor (p = .046 in
the analysis with three predictors).
Finally, we turn to the two normalized measures of rate of claims and rate of work days lost.
They both correlate significantly with year and with each other (all p < .01; Figure 7). Neither is
related to payroll (p = .92 and p = .76), but claims rate is significantly correlated with the amount paid
in claims (p = .004; Figure 7; rate of work days lost is not, p = .09).

Figure 7. A.
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Figure 7. B.

Figure 7. C.
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Figure 7. D.

Thus, in brushing we find very similar trends to the ones seen in tree planting:
(1) more workers means more claims;
(2) declining number of workers over the years;
(3) declining rate of claims (number of claims per person) over the years;
(4) when claim rates are high, so are the rates of missed work.
In addition:
(5) in this sector (but not in tree planting), the higher number of claims (as well as higher rates
of claims) are associated with higher claim payments.

Page 19

CU 703005: Forest Fire Fighting
The third set of correlational data, for the final classification unit, is shown in Table 3. It is worth
noting that the numbers for this CU are considerably lower than the other two units. For example,
the yearly number of claims range between 89 and 173 in tree planting (median 108) and between 27
and 95 in brushing (median 39), but they range between 1 and 36 in forest firefighting (median is only
12). It is harder to find significant relationships with such sparse data.
Table 3.

Even though the number of work days lost does not correlate with any of the other variables
(which is different from what we saw in the other two CUs), there is still the same positive correlation
among number of workers, number of claims, and number of serious claims. In addition, number of
claims is significantly correlated with both claims paid and payroll. That said, once again payroll and
amount paid in claims are not correlated with each other (which is the case in all three sectors). The
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correlation seen with payroll can be explained by the close relationship between payroll and number
of workers (as demonstrated by the regression analysis reported below).
Figure 8. A.

Figure 8. B.
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Figure 8. C.

Figure 8. D.
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The regression analyses for number of claims in forest firefighting between 2003 and 2017
show that year is not a significant predictor (p = .158) but number of workers, payroll, and claims
paid are all significant when they are the single factor (p < .0005, p < .0005, and p = .02, respectively).
However, when all of them are considered together, only the number of workers is a significant
predictor of number of claims (p = .002; all others p > .05).
Looking at the rate of claims and rate of work days lost, we find no significant relationships.

Likely because of the sparser nature of the data, we see fewer trends in this CU. Similarly to
tree planting and to brushing, in forest firefighting:
(1) more workers means more claims;
But:
(1) there is no relationship between year and number of workers;
(2) or between year and number of claims (or rate of claims);
(3) or between claim rates and rates of missed work.

Analysis Across Classification Units
Now that we have looked at the relationships among variables within each sector, we can also
check for correlations among the three CUs for each variable. Table 4 shows the correlations.
Table 4.

Page 23

The main finding of note is the apparent relationship in number of claims and number of
serious claims among the three sectors (but especially between tree planting and brushing). More
claims in one CU appear to be associated with more claims in the other CUs. This relationship should
be interpreted with caution because these are correlations among the raw number of claims. When
we look at the rate of claims instead (the number of claims normalized by the number of workers in
each sector for each year), this relationship almost disappears  it is only significant between the rate
of claims in planting and those in brushing (p = .005; Figure 9) but not in firefighting (both p > .15)
and not between any or the rates of serious injury claims (all p > .15) or the rates of work days lost
(all p > .5).
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Figure 9. A.

Figure 9. B.
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Payroll, Claims Paid, and Claims Count: Summary
This extensive analysis has revealed a lot of similarities but also some differences among the
three classification units: tree planting and cone picking; brushing, weeding, thinning, and spacing;
and forest firefighting.
In all three sectors:



there is no relationship between payroll, claims paid, and number of claims (or rate of
claims);
there is a positive relationship between number of workers and number of claims.

In addition, in the first two CUs (tree planting and brushing):





the numbers of workers are declining;
the number of claims per person are also declining;
when claim rates are high, so are the rates of missed work;
there is a relationship between the number of claims (per person) in these two sectors 
higher claim rates in tree planting are associated with higher claim rates in brushing.

Finally, in brushing, weeding, thinning, and spacing only:


higher number of claims (per person) are associated with higher claim payments.
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Breakdown of Injury Claims
Injury claims are classified in five different ways:
(1)
(2)
(3)
(4)
(5)

by accident type  e.g. overexertion, fall from elevation, involuntary motion;
by injury nature  e.g. strain, laceration, fracture;
by injury source  e.g. tools, vehicles, trees;
by body part; and
by age range.

Many of these categories overlap among the three classification units of interest, but they do
not perfectly overlap. For the purposes of this analysis, to ensure that each CU is represented in each
category, the following procedure was adopted: For each classification type, for example injury
nature, the first 9 categories most prevalent across the three CUs were included, while the remaining
data was grouped in a final 10th category labelled "OTHER". If there were fewer than 9 common
categories, the ones available were included and the remainder was listed in "OTHER". Where
needed, zeroes were added to the data to indicate no claim of that type was made in a specific year
in a particular CU.
The main goal of this investigation was to compare the three CUs across the different types of
injury claims: is the distribution of injury types seen in tree planting similar to the distribution of
injury types in brushing, and/or similar to the distribution of injury types in forest firefighting?
To answer this question, for each classification type, for example injury nature, the data for all
three CUs for every year between 2003 and 2017, as well as the average data for those years, is
entered into a chi-square analysis to test for a possible relationship between CU on one hand and
injury nature on the other. This gives us a total of 16 analyses for each classification type. A
significant result indicates that the CUs have unique injury profiles that distinguish them from one
another. To understand these profiles, we can look at the residuals from the chi-square, which are a
measure of where and how much the categories differ from each other.

Injury Claims by Accident Type
Figure 10 shows the distribution of accident types in the three classification units over the
years. For each CU, there is a cumulative (or stacked) bar graph as well as a regular (side-by-side) bar
graph showing the percentage of each accident type for each year.
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Figure 10. A.

Figure 10. B.
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Figure 10. C.

Figure 10. D.
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Figure 10. E.

Figure 10. F.
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There is quite a bit of variability over the years, but also notable consistency. In tree planting,
fall on the same level and overexertion account for at least 10% of all claims each in every year
between 2003 and 2017. In 2015, as many as 25% of the injuries involved falling on the same level,
and in 2012 even more than 25% involved overexertion. Repetitive motion is similarly prevalent,
accounting for a minimum of 9% of yearly claims over the past fifteen years, and in 2016 accounting
for over 20% of claims.
In brushing, struck by is by the far the most common accident type, involving a minimum of
15% of yearly claims and as high as over 40% in 2014! The other two common accidents are falling -either on the same level or from elevation, both covering about 15% of claims on average.
It is much harder to see a pattern in forest firefighting, because the data is far sparser, with
some years having as few as one or two injury claims. Figure 11 (which shows the average over the
fifteen year data for the three CUs) indicates that again fall on the same level is quite prevalent,
accounting for more than 15% of claims on average.

Figure 11. A.
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Figure 11. B.

In order to determine whether the trends noted by visually inspecting the data are significant
and informative, specifically the ones distinguishing among the three classification units, we need to
run a statistical analysis. For categorical variables such as classification unit and accident type, this
test is called chi-square. Table 5 shows the results.
Table 5.
Year

2003

2004

2005

2006

2007

2008

2009

2010

χ²

63.7

84.1

52.7

39.5

28.9

55.6

44.6

29.2

p -value

<.0005

<.0005

<.0005

.002

.049

<.0005

<.0005

.046

sig

***

***

***

**

*

***

***

*

Year

2011

2012

2013

2014

2015

2016

2017

avg

χ²

50.2

25.8

30.2

39.7

31.4

32.6

39.9

23.4

p -value

<.0005

.10

.035

.002

.026

.019

.002

.17

sig

***

*

**

*

*

**
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The test was significant for all data sets other than for 2012 and the averaged values from all
years. Even though the analysis of the averaged data was not statistically significant overall,
inspecting that average pattern (Table 6) is useful because it exhibits the most common trends seen
in the individual analyses for each year (included in Appendix A).
To examine the nature of the relationship between accident type and classification unit, we
need to look at which parts of the data contribute the most to the chi-square (χ²) score. The
magnitude of that contribution is given by the residual values (on the left in Table 6): data with
highest absolute standardized residuals contribute the most to the total chi-square score and
therefore explain the most of the relationship. (The values on the right in Table 6 quantify this
contribution in terms of percentages.) Positive residuals indicate a positive association; negative
residuals indicate a negative or no association.
Table 6.

A straight-forward way to understand the results presented in Table 6 is to first look at the
figures on the right-hand side. Which are the accident types (i.e. rows) that account for more than
10% of the relationship between accident type and CU? It is worth investigating those further. In this
case, there are only three rows that meet this criterion: struck-by (explaining a total of 38.3% of the
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dependence for the average data), repetitive-motion (explaining 25.5%), and exposure-to-heat-orcold (17.3%). Thus, these three accident types alone account for 81.1% of the relationship!
In a similar fashion, instead of looking at the rows in the table, we can look at each of the three
columns: which accident types are significantly related to each classification unit? Only consider cells
which explain at least 5% of the observed dependence. For tree planting, the two accident types that
jump out are struck-by and repetitive-motion; for brushing: also struck-by and repetitive-motion;
and for forest firefighting: only exposure-to-heat-or-cold. Now we can ask, what is the relationship
exactly? To answer that we look at the figures on the left-hand side of the table.
The most striking data point in Table 6 is the large positive residual for "struck by" accidents in
brushing. It explains 28% of the relationship between classification unit and accident type (in the
averaged data). This means that struck-by is not simply the most common accident type in brushing
as we observed before but it is disproportionately more common in that classification unit than in any
other. We can confirm that this is indeed the case over the years by looking at the individual yearly
analyses in Appendix A. This data point is a significant factor (i.e. contributing more than 5% to the
chi-square scores) in all but two of the fifteen data sets (for 2007 and 2017). In the thirteen data sets
where it is significant, its contribution ranges from 5.8% to 32.9% (median = 20.2%, mean = 18.1%,
standard deviation = 8.7%).
Furthermore, struck-by has a negative association with planting, which accounts for another
11% of the observed relationship. Meaning that this particular accident type is not only significantly
prevalent in brushing but it is also significantly rare in tree planting.
The second accident type we found to be significant is repetitive-motion. It is positively
associated with tree planting and negatively associated with brushing (the opposite pattern of struckby). This means that repetitive-motion is markedly more frequent in tree planting than in the other
CUs and also markedly rare in brushing. Consulting with the longitudinal data in Appendix A, we can
confirm that indeed this pattern was observed in the majority of years -- ten of the fourteen
significant tests showed a positive relationship between repetitive-motion and tree planting (range:
4-12.5%, median = 5.5%, mean = 6.2%, standard deviation = 2.3%), and also ten showed a negative
relationship between this accident type and brushing (range: 7.4-16.2%, median = 10.5%, mean =
10.6%, standard deviation = 2.6%).
The last finding of note is the positive association between exposure-to-heat-or-cold and forest
firefighting, accounting for 15% of the relationship between the two variables. In the longitudinal
data, this relationship showed up in six of the fourteen significant analyses contributing on average
27.1% and in 2017 accounting for over 50% of the dependence between accident type and CU!
(range: 3.2-53.4%, median = 25.2%, mean = 27.1%, standard deviation = 20.0%)
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Injury Claims by Nature of Injury
Figure 12. A.

Figure 12. B.
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Figure 12. C.

Figure 12. D.
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Figure 12. E.

Figure 12. F.
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Figure 12 shows that other strain is the most predominant nature of injury in all three sectors!
In tree planting, it accounted for over 25% of all claims in every year between 2003 and 2017; and in
2009, almost 50% of tree planting injuries involved other strain! Similarly, at least 14% of yearly
claims in brushing involved other strain, with the highest number of 46% in 2015. Finally, in forest
firefighting, other strain is the single consistent nature of injury reported -- it comprises a minimum
of 18% of claims each year, and 47% of the claims in this sector on average! This can be seen in Figure
13 which shows the average over the fifteen year data for the three CUs.
In addition to other strain, not as prevalent but certainly just as consistently present in tree
planting is tendinitis and tenosynovitis. It accounted for at least 9% of claims in every year, and as
high as 20% in 2005.
In brushing, lacerations are the second most common injury, comprising a minimum of 9% of
yearly claims, with a maximum of 26% in 2016.

Figure 13. A.
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Figure 13. B.

Table 7 shows the results from the chi-square analyses for this classification type. Seven of the
fifteen data sets exhibited a significant dependency between nature of injury and classification unit,
three were marginally significant, and five were insignificant as was the analysis of the averaged data.
Table 7.
Year

2003

2004

2005

2006

2007

2008

2009

2010

χ²

46.4

35.5

27.6

23.2

22.1

22.5

25.6

11.9

p -value

<.0005

.001

.016

.057

.076

.070

.029

.61

sig

***

**

*

(*)

(*)

(*)

*

Year

2011

2012

2013

2014

2015

2016

2017

avg

χ²

15.0

19.0

21.1

18.2

30.9

30.2

28.6

12.4

p -value

.38

.16

.10

.20

.006

.007

.01

.58

*

*

*

sig
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The detailed analyses of the fifteen annual data sets are included in Appendix B. Table 8
presents the results for the average data set. Upon inspection, even though the specific numbers vary
from set to set, the overall findings are consistent across the years and can also be seen in the
average.
Table 8.

The three rows that draw attention here are: tendonitis-tenosynovitis which explained a total
of 41.9% of the dependence between injury nature and classification unit in the averaged data,
laceration (explaining 24.4%), and possibly fractures (10.5%).
As we noted earlier, the most prevalent nature of injury in all three CUs is other strain. The
reason why it does not come up as significant in these analyses is precisely because it is common in
all three sectors! The chi-square test only shows differences among the sectors, not similarities. It is
most likely due to this commonality that about half of the annual data sets do not show a
dependence between injury nature and classification type, supporting the notion that when injuries
are classified according to their nature, the resulting profiles for the three sectors are largely similar.
Importantly, these results also bring into focus the fact that tendonitis and tenosynovitis
constitute a type of injury that inflicts tree planters considerably more than workers in the other two
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industries; in particular, workers in the brushing CU very rarely experience it. Lacerations, on the
other hand are something that is alarmingly common in brushing compared to the other sectors. A
similar trend is observed for fractures, though not as consistently.

These findings are supported by the analyses of the individual yearly data. Five of the seven
significant chi-square residuals exhibit the positive relationship between tendonitis and planting
(explaining 5.3% to 15.1%, median = 9.0%, mean = 10.0%, stdev = 3.4%), and seven out of seven show
the negative relationship between tendonitis and brushing (explaining 5.6% to 28.8%, median =
12.8%, mean = 15.4%, stdev = 8.3%). Six out of seven reveal the positive relationship between
lacerations and brushing (explaining 7.8% to 24%, median = 13.7%, mean = 14.5%, stdev = 5.3%), and
four out of seven the positive relationship between fractures and brushing (explaining 6.6% to 18.3%,
median = 12.8%, mean = 12.6%, stdev = 5.6%).
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Injury Claims by Source of Injury
Figure 14. A.

Figure 14. B.
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Figure 14. C.

Figure 14. D.
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Figure 14. E.

Figure 14. F.
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Figure 14 shows that bodily motion is the most frequent source of injury in tree planting,
accounting for over 20% of all claims in every year between 2003 and 2017; and reaching 40% of
injury claims in 2010. Trees and plants are also consistently a common source of injury in this sector,
contributing a minimum of 12% every year and a maximum of 27% in 2008.
Trees and plants are also a reliable source of injury in brushing, comprising a minimum of 14%
of injury claims over the fifteen-year period and reaching 35% in 2013. Working surfaces are the
second most common injury source in brushing, over 10% of claims yearly, and as high as 22% in
2012.
The data for forest firefighting is again sparse and quite variable over the years. The average
data depicted in Figure 15 can help identify key sources of injury in this CU. They appear to be
overlapping with the other two sectors, namely bodily motion (28% of claims on average), trees and
plants (16% on average), and working surfaces (16% on average).

Figure 15. A.
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Figure 15. B.

The chi-square results testing for a dependence between source of injury and classification unit
are in Table 9. Eleven of the fifteen tests were significant, one was marginally significant, and three
were insignificant as was the analysis of the averaged data.

Table 9.
Year

2003

2004

2005

2006

2007

2008

2009

2010

χ²

48.1

62.7

37.2

34.8

19.2

111.2

46.7

34.0

p -value

.0001

<.0005

.002

.01

.38

<.0005

.0002

.01

sig

***

***

**

*

***

***

*

Year

2011

2012

2013

2014

2015

2016

2017

avg

χ²

23.1

20.8

43.8

27.5

43.3

32.5

48.2

21.2

p -value

.19

.19

.0006

.070

.0007

.02

.0001

.27

**

(*)

**

*

***

sig
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Based on the distribution of claims as seen in Figures 14 and 15, there seemed to be quite a bit
of overlap among the three CUs in terms of the most frequent types of injuries: bodily motion, trees
and plants, and working surfaces are the most common sources of injury in all three sectors. Thus, it
is somewhat surprising that the chi-square results are generally significant, indicating that the source
of injury varies among the three CUs. Where is the variance?

Table 10.

Detailed analysis for each year can be found in Appendix C, while the results for the average
data set is in Table 10.
Injuries related to power-tools contributed a total of 40.1% of the variance. Flame-fire-smokeother-heat explained another 22.5%, bodily-motion 20.6%, and logs-tree-products 10.7%. Three of
the four factors that come into focus in this analysis were not even considered when just looking at
the visual pattern of the data!
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Most importantly, injuries involving power tools happen in brushing much more than in the
other two sectors (not surprisingly, this source of injury is particularly rare in tree planting). Injuries
due to logs and tree products are also higher in this sector. On the other hand, injuries involving
flame, fire, smoke, or other heat are notably more frequent in forest firefighting compared to the
other sectors. Finally, even though injuries resulting from bodily motion are seen in all three sectors,
they are significantly more common in tree planting compared to brushing and forest firefighting, and
actually they are comparably lower in brushing.
Consulting with the individual yearly data analyses, we find that ten of the eleven significant
chi-square residuals exhibit a positive relationship between power tools and brushing (explaining
6.6% to 34.7%, median = 23.2%, mean = 20.0%, stdev = 10.5%), and seven out of eleven a negative
relationship between power tools and tree planting (explaining 4.6% to 10.3%, median = 6.9%, mean
= 7.5%, stdev = 2.0%). Six out of eleven show a positive relationship between logs and brushing
(explaining 5.2% to 14.4%, median = 8.4%, mean = 8.7%, stdev = 3.2%) , and also six out of eleven a
positive relationship between flame and forest firefighting (explaining 8.2% to 47.8%, median =
15.7%, mean = 23.7%, stdev = 18%). Finally, five out of eleven suggest a positive relationship between
bodily motion and tree planting (explaining 3.9% to 10.9%, median = 7.8%, mean = 7.5%, stdev =
2.6%) and seven out of eleven a negative relationship between bodily motion and brushing
(explaining 7.5% to 16.6%, median = 13.2%, mean = 12.6%, stdev = 3.2%). Therefore, the analyses for
the individual yearly data largely support the trends seen in the average profile.
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Injury Claims by Body Part
Figure 16. A.

Figure 16. B.
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Figure 16. C.

Figure 16. D.

Page 50

Figure 16. E.

Figure 16. F.
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What body parts are hurt the most in tree planting, brushing, and forest firefighting? Figure 16
shows the data for each sector over the years, while Figure 17 presents the average data.
In tree planting, wrists, fingers, and hands sustain the most injuries: on average, 22% of all
claims; minimum 17% of annual claims. Knee injuries are also common in this CU: 15% on average
and at least 9% in every year between 2003 and 2017. In 2009, these two types of injuries accounted
for over 50% of claims, with wrist-fingers-hands claims reaching their highest of 28% and knee claims
reaching their highest of 25%.
A similar pattern is seen in brushing, where knee injuries account for 17% of claims on average
(ranging from 5% to 31% of annual claims) and wrist-fingers-hands injuries account for another 15%
on average (ranging from 7% to 27% of annual claims).
These two types of injuries are frequent in forest firefighting as well (14% and 11% respectively,
on average) but even more prevalent are injuries to the ankle, toes, and feet (23% on average).
The notion that similar body parts (i.e. wrists, fingers, hands, and knees) tend to be hurt in all
three classification units is further supported by the fact that only three of the fifteen yearly data chisquare analyses were significant (Table 11). The findings for those three years (2003, 2009, and 2010)
are presented in Table 12.

Figure 17. A.
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Figure 17. B.

Table 11.
Year

2003

2004

2005

2006

2007

2008

2009

2010

χ²

36.4

26.8

18.7

11.9

16.9

13.2

32.0

32.0

p -value

.006

.08

.41

.85

.53

.78

.02

.02

sig

*

(*)

*

*

Year

2011

2012

2013

2014

2015

2016

2017

avg

χ²

14.8

15.0

17.2

17.8

21.3

22.8

17.6

5.31

p -value

.68

.67

.51

.47

.26

.20

.48

.99

sig
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Table 12.
2003

2009
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2010

The one finding that is present in all three analyses is the considerably higher rate of ankle-toesfeet injuries in forest firefighting compared to the other two CUs. In addition, both in 2003 and in
2009 (but not in 2010), eye injuries were significantly more frequent in brushing than in planting or
firefighting.
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Injury Claims by Age Group
Figure 18. A.

Figure 18. B.
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Figure 18. C.

Figure 18. D.
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Figure 18. E.

Figure 18. F.
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Do workers in a specific age group tend to get injured more often than others? And if so, is this
sector-specific or is it the same in all three CUs? Figure 18 shows the data for each sector over the
years, while Figure 19 presents the average data. An important caveat is that we are missing data on
the actual age profile of the workers in general. Ideally, the claims data would be normalized by the
number of workers in each age group. Then we can trust that the age trends we see in the injuries
are not simply an indication of the age of the workers in each sector but a true indication of the age
of workers who tend to be injured in each sector. As the data stands, we cannot be sure.
In tree planting, 41% of claims come from the youngest workers, 15-to-24 years old (minimum
32% of yearly claims; and maximum of 47% reached in 2016). Another 37% of injured planters are in
the next age group, between 25 and 34 (minimum 31%, maximum 44% in 2010).
In brushing, the age of injured workers is shifted, with the majority being between 25 and 34
(32% on average, minimum 22%, maximum 49% in 2016), with the 35-to-44 age range a close second
(minimum 14%, maximum 42% in 2003).
Finally, in forest firefighting, the distribution seems most even with workers 15-to-24, 25-to-34,
and 35-to-44 all comprising over 25% of claims on average.

Figure 19. A.
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Figure 19. B.

The chi-square results testing for a dependence between age group and classification unit are
in Table 13. Only two of the fifteen tests were not significant, and the analysis of the averaged data
was marginally significant. The results for the averaged data are in Table 14; the results for each year
are in Appendix D.
Table 13.
Year

2003

2004

2005

2006

2007

2008

2009

2010

χ²

41.2

25.9

24.1

20.9

39.3

23.1

21.4

29.0

p -value

<.0005

.001

.002

.02

<.0005

.01

.006

.001

sig

***

**

**

*

***

*

*

**

Year

2011

2012

2013

2014

2015

2016

2017

avg

χ²

21.0

16.0

28.6

50.6

15.4

27.9

25.1

17.0

p -value

.007

.10

.0003

<.0005

.12

.0004

.005

.07

sig

*

***

***

***

*

(*)
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Table 14.

In line with the observations we made based on the bar graphs, the chi-square residuals
indicate that injuries in the youngest workers are much more frequent in tree planting than in the
other two CUs, and that that this age range of 15-to-24 year-olds is underrepresented in brushing
injuries. This is confirmed by the individual annual data which reveals the same pattern of positive
association between tree planting and 15-to-24 in nine of the thirteen significant analyses (explaining
4.9% to 11.1%, median = 7.4%, mean = 7.4%, stdev = 2.1%) and the negative association between
brushing and 15-to-24 in eleven of the thirteen (explaining 11.7% to 26.5%, median = 15.5%, mean =
16.5%, stdev = 4.6%).
The analysis also emphasizes that workers who are 35-to-44, 45-to-54, and 55-to-64 years of
age tend to be injured in brushing considerably more than in the other two sectors, especially tree
planting. In the yearly data, we see this positive association for brushing in ten of the thirteen
analyses for the 35-to-44 age range (explaining 4.9% to 34.7%, median = 9.7%, mean = 12.7%, stdev =
9.1%), in nine out of thirteen for the 45-to-54 age range (explaining 4.1% to 39%, median = 14.5%,
mean = 16.9%, stdev = 10.5%), and in seven out of thirteen for the 55-to-64 age range (explaining 5%
to 26.8%, median = 14.1%, mean = 15.8%, stdev = 9.5%). The negative association for tree planting is
found in seven, six, and five of the analyses respectively.
Finally, it appears that older workers (65+ years of age) are hurt in forest firefighting
substantially more than in planting or brushing; but this may be because there are very few or no
workers of that age in those two sectors.
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Breakdown of Injury Claims: Summary
In terms of accident type, the data reveals that:





fall-on-same-level is frequent among the claims in all three classification units;
struck-by is disproportionately more common in brushing than the other two CUs,
especially tree planting;
repetitive-motion is disproportionately more common in tree planting than the other
two CUs, especially brushing;
exposure-to-heat-or-cold is an accident type prevalent in forest firefighting more than
in tree planting or brushing.

In terms of nature of injury:




other strain is the most common type of injury in all three sectors;
tendinitis and tenosynovitis are more frequent in tree planting than in the other two
CUs, especially brushing;
lacerations and possibly fractures are more frequent in brushing than in the other two
CUs.

The source of injury:





tends to be trees and plants as well as working surfaces in all three CUs;
bodily motion is also seen in all three sectors, but is especially prevalent in tree
planting;
power tools and logs and tree products are a source of injury markedly more common
in brushing than in the other two sectors;
flame, fire, smoke, and other heat are a source of injury markedly more common in
forest firefighting than in the other two sectors;

The injured body parts are:




most frequently wrists, fingers and hands as well as knees in all three CUs;
ankles, toes, and feet more so in forest firefighting than in the other two sectors
(limited support for this finding);
eyes more so in brushing than in the other two sectors (limited support for this finding).
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The age of workers who get injured:





is commonly 25 to 34 years old in all three sectors;
in tree planting, young workers (15 to 24 years old) are particularly prone to injuries;
far more than in the other two CUs;
workers aged 35 to 64 years are more prone to injuries in the brushing sector than in
the other two sectors, especially in tree planting;
injuries in older workers (65+ years old) are more common in forest firefighting than in
the other two CUs.
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Appendix A: Longitudinal Chi-Square Analyses for Accident Type
2003

2004
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Appendix B: Longitudinal Chi-Square Analyses for Nature of Injury
2003

2004
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Appendix C: Longitudinal Chi-Square Analyses for Source of Injury
2003

2004
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Appendix D: Longitudinal Chi-Square Analyses for Age Group
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2017
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